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1. PHYSICAL WORLD
2. UNITS & MEASUREMENTS
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Physical Quantity:

Any quantity which can be measured directly (or) indirectly (or) interms of which the laws of physics can
be expressed is called physical quantity.

There are two types of physical quantities

1) Fundamental quantities2) Derived quantities

Fundamental Quantities: Physical quantities which cannot be expressed interms of any other physical
quantities are called fundamental physical quantities.

Ex. length, mass, time, temperature etc..

Derived Quantities: Physical Quantities which are derived from fundamental quantities are called
derived quantities.

Ex. Area, density, force etc...

Unit of physical qantity:

A unit of measurement of a physical quantity is the standard reference of the same physical quantity
which is used for comparison of the given physical quantity.

Fundamental unit : The unit used to measure the fundamental quantity is called fundamental unit.

Ex: metre for length, kilogram for mass etc..

Derived unit : The unit used to measure the derived quantity is called derived unit.

Ex: m? for area, gm cm™ for density etc...

The numerical value obtained on measuring a physical quantity is inversely proportional to the magnitude
of the unit chosen.

i
M a— = 1NU = constant

= i’llU1 = an2

Where », and n, are the numerical values andU, and U, are the units of same physical quantity in different

systems.

System of units

There are four systems of units

1) EP.S 2)C.GS

3) MK.S 4) SI

Based on SI system there are three categories of

physical quantities.

I)fundamental quantities

2)supplementary quantities and

3)derived quantities

Fundamental Quantities and their SI Units

There are seven fundamental quantities and two  supplementary quantities in S. I. system. These
quantities along with their unit and symbols are given below:



S.No Physical Quantity SI unit Symbol

l. Length metre m
2 Mass kilogram kg
3. Time second s
4 Thermo dynamic

temperature kelvin K (or) ¢
5. Luminous

intensity candela Cd
6. Electric current ampere A
7. Amount of

substance

(or) quantity of

matter mole  mol

Supplementary quantities

1. Plane angle radian  rad
2. Solid angle steradian sr
Measurement of length
“  The length of an object can be measured by using different units. Some particle units of length
are

angstrom( 4°)=10"'"m=10*cm

nanometre(nm) =10, =104°
fermi— 107"
micron =10,
X-rayunit =103,
1 A.U. = distance between sun & earth =1.496x10" m

S Onelight year is the distance travelled by light in one year in vacuum . This unit is used in astronomy.

Lightyear =9 46x10"m
parsec =3.26 light years = 30.84x10"m
Bohrradius = 0. 5x10"m

Mile=1.6 km

III’ Measurement of mass:

The mass of an object can be measured by using different units.Some practical units of mass are
Quintal=100kg  Metric ton = 1000 kg

Atomic mass unit (a.m.u)==1.67x 107 kg

III’ Measurement of time:
One day = 86400 second

Shake =]()'8 second



III’ Abbreviations for multiples and sub multiples:
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MACRO Prefixes
Multiplier Symbol Prefix
10! da Deca
10? h Hecto
10° k Kilo
10° M Mega
10° G Giga
1012 T Tera
10" P Peta
10" E Exa
102 Z Zetta
10% Y Yotta
MICRO Prefixes
Multiplier Symbol Prefix
10! d deci
102 c centi
103 m milli
106 Y7, micro
107 n nano
102 p pico
1015 f femto
1013 a atto
102 z zepto
10y yocto

Some important conversions:

-1

lkmph = %ms

1 newton=1(° dyne

1 joule=1(7 erg

1 calorie=4.18J
leV=1.6x10"J
lgem™ =1000kgm™
11it=1000cm® =107 m’
IKWH=36x10"J

1 HP=746 W
1 degree=0.017 rad

Ical g' =4180JKg™
Ikgwt=9.8 N

1 telsa=10* gauss

1Am™ =47 %107 oersted

1 weber=1(® maxwell



Some physical constants and their values:
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lamu=1.67x10""kg =931.5MeV

1 atm pressure = pressure exerted by 76cm of Hg column=1.013x10° Pa
Avagadro number (N)= ¢.023x10%

Permittivity of free space= 8 854 x 102 Fm ™' or C? / Nm?>

Permeability of free space (44, ) =47 x107 Hm™

Joule’s constant (J)= 4,186 Jcal ™

Planck’s constant(h)= 6.62 x107* Js

Rydberg’s constant(R)=1.0974 x10" m ™"

Boltzmann’s constant(K,)=1 38 x 102 JK '

Stefan’s constant (o) =5.67x10" Wm K™
Universal gas constant(R)=8 314 Jmol 'K !

=1.98cal mol 'K

Wien’s constant(b)=2.93 x 107 metre kelvin

Accuracy and precision of instruments :

The numerical values obtained on measuring physical quantities depend upon the measuring instruments,
methods of measurement.

Accuracy refers to how closely a measured value agrees with the true value.

Precision refers to what limit or resolution the given physical quantity can be measured.

Precision refers to closeness between the different observed values of the same quantity .

High precision does not mean high accuracy.

The difference between accuracy and precision can be understood and by the following example: Suppose
three students are asked to find the length of a rod whose length is known to be 2.250cm.The observations
are given in the table .

Student

Measurement-
1

Measurement-
2

Measurement-
3

Average
length

2.25cm

2.27cm

2.26cm

2.26cm

2.252cm

2.250cm

2.251cm

2.251cm

2.250cm

2.250cm

2.251cm

2.250cm

It is clear from the above table , that the observations taken by a student A are neither precise nor
accurate. The observations of student B are more precise . The observations of student C are precise as
well as accurate.

Error:

The result of every measurement by any measuring instrument contains some uncertainty. This uncertainty
in measurement is called error.
Mathematically
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Error =True value - Measured value

Correction =-error

True value means, standard value free of errors.

Errors are broadly classified into 3 types :

1) Systematic errors

ii) Random errors

ii1) Gross errors

Systematic Errors

The errors due to a definite cause and which follow a particular rule are called systematic errors. They
always occur in one direction (either +ve or -ve )

Systematic errors with a constant magnitude are called constant errors.

The constant arised due to imperfect design, zero error in the instrument or any other such defects.
These are also called instrumental errors.

Example for the error due to improper designing and construction.

Ifascrew gauge has a zero error of -4 head scale divisions, then every reading will be 0.004cm less than
the true value.

The error arised due to external conditions like changes in environment, changes in temperature, pressure,
humidity etc.

Ex: Due to rise in temperature, a scale gets expanded and this results in error in measurement of length.

Imperfection in Experimental technique or Procedure:

The error due to experimental arrangement, procedure followed and experimental technique is called
imperfection error.

Ex: In calorimetric experiments, the loss of heat due to radiation, the effect on weighing due to buoyancy
of air cannot be avoided.

Personal errors or observational errors:

These are entirely due to the personal peculiarities of the experimenter. Individual bias, lack of proper setting of
the apparatus, carelessness in taking observations (without taking the required necessary precautions. ) etc. are
the causes for these type of errors. A person may be habituated to hold his eyes (head) always a bit too far to the
right (or left) while taking the reading with a scale. This will give rise to parallax error.

Ifaperson keeps his eye-level below the level of mercury in a barometer all the time, his readings will
have systematic error.

These errors can be minimised by obtaining several readings carefully and then taking their
arithmetic mean..

1

probable error o -
no. of readings

Ex: Parallax error

Random Errors:

They are due to uncontrolled disturbances which influence the physical quantity and the instrument.
these errors are estimated by statistical methods.

1
no. of observations

Ex-:The errors due to line voltage changes and backlash error.
Backlash errors are due to screw and nut.

Random error «



Gross Errors
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The cause for gross errors are improper recording, neglecting the sources of the error, reading the
instrument incorrectly, sheer carelessness

Ex: In a tangent galvanometer experiment, the coil is to be placed exactly in the magnetic meridian and
care should be taken to see that no any other magnetic material is present in the vicinity.

No correction can be applied to these gross errors.

When the errors are minimised, the accuracy increases.

The systematic errors can be estimated and observations can be corrected.

Random errors are compensating type. A physical quantity is measured number of times and these
values lie on either side of mean value. These errors are estimated by statistical methods and accuracy is
achieved.

Personal errors like parallax error can be avoided by taking proper care.

The instrumental errors are avoided by calibrating the instrument with a standard reference and by
applying proper corrections.

Errors in measurement.

True Value :

In the measurement of a physical quantity the arithmetic mean of all readings which is found to be very
close to the most accurate reading is to be taken as True value of the quantities.

1 n
Ifa,a,,a ... a, arereadings then true value %nean = s z a;
i=l1

Absolute Error :

The magnitude of the difference between the true value of the measured physical quantity and the value of
individual measurement is called absolute error.

Absolute error =[True value - measured values|

Aai = |amean - ai|
The absolute error is always positive.

Mean absolute error:
The arithmetic mean of all the absolute errors is considered as the mean absolute error of the physical
quantity concerned.

_|Aa|+|Ag,|+———+|Aq,

1 n
‘mean = Z|Aai |

n nig

Aa

The mean absolute error is always positive.

Relative error:

The relative error of a measured physical quantity is the ratio of the mean absolute error to the mean
value of the quantity measured.

Aa

mean

Relativeerror=,

mean

It is a pure number having no units.



Percentage error:

5a={Mx100}%

mean

Relative error and percentage error give a measure of accuracy i.e. if percentage error increases
accuracy decreases.

EX. 1:Repetition in the measurements of a certain quantity in an experiment gave the following values: 1.29,
1.33,1.34,1.35,1.32,1.36, 1.30, and 1.33. Calculate the mean value, mean absolute error, relative error
and percentage error.

Sol. Here, mean value

_ 1.29+1.33+1.34+1.35+1.32+1.36+1.30+1.33
= 8
=1.3275=1.33 (rounded off to two places of decimal)
Absolute errors in measurement are

Ax, =[1.33-1.29|=0.04; Ax, =[1.33-1.33|=0.00;

Ax, =[1.33-1.34|=0.01; Ax, =[1.33-1.35|=0.02;
Ax; =[1.33-1.32| =0.01; Ax, =[1.33-1.36/=0.03;
Ax, =[1.33-1.30|=0.03; Ax, =|1.33-1.33| = 0.00;

mean absolute error

A = 0.04+0.00+0.01+0.02+0.01+0.03+0.03+0.00
" 8
=0.0175

=0.02 (rounded off to two places of decimal)

Ax 0.02
Relativeerror =f—= iﬁ =40.01503 =40.02

m

(rounded off'to two places of decimal)
Percentage error = +0.01503x100 =+1.503 =+1.5%

EX.2 : The length and breadth of a rectangle are (5.7 £0.1)cm and (3.4 + 0.2) cm. Calculate the area
of the rectangle with error limits.

Sol. Here / =(5.7£0.1)cm, b=(3.4£0.2) cm

Area: A=[xb=5.7x3.4=19.38cm* =19cm’
(rounding off to two significant figures)

A I b 57 34
_y 0.34+1.14j:i 1.48
57%x3.4 19.38

_, 148 A=t 1.48

> A=+ x4 =1 x19.38=+148==*1.5
19.38 19.38




(rounding off to two significant figures)
So, Area =(19.0£1.5)cm’

EX.3: The distance covered by a body in time (5.0+0.6) s is (40.0+0.4) m. Calculate the speed of
the body. Also determine the percentage error in the speed.
Sol. Here, s =(40.0+0.4 )mand ¢ =(5.0£0.6)s

S dv—i——40'0—80ms"1 A v—i

e T >
Av As At
So—=—t—
v S t

Here As =0.4m, s=40.0m, At=0.6s, t=5.0's

. ﬂzﬁ_,r%:o,m
v 400 5.0

=Av=0.13x8.0=1.04
Hence, v=(8.0£1.04)ms™

. Percentage error = (EXIOOJ =0.13x100=13%
.. v

EX. 4: A screw gauge gives the following reading when used to measure the diameter of a wire.
Main scale reading : 0 mm
Circular scale reading : 52 divisions
Given that 1 mm on main scale corresponds to 100 divisions of the circular scale.
[AIEEE 2011]
Sol. Main scale reading=0 mm
Circular scale reading = 52 divisions

value of 1 main scale division 1
Least count = =——mm

Total divisions on circular scale 100

Diameter of wire=M.S.R +(C.S.Rx L.C)

1
=0+52x—mm=0.2mm _
100 0.052cm

EX.5: The current voltage relation of diode is given by / = (elOOOV/T — 1) mA,where the applied voltage V

is in volt and the temperature T is in kelvin.If a student makes an error measuring + 0.01V while
measuring the current of SmA at 300K,what will be the error in the value of currentin mA? (JEE
MAIN-2014)

Sol. I= (e1°°°V/T —1)mA
dV=+0.01V, T=300K,[=5mA

I+1:elOOOV/T

10g(]+1):%

dl 1000

&y -
T —  dI=02mA



EX.6 : In an experiment the angles are required to be measured using an instrument. 29 divisions of

Sol.

rrre

the main scale exactly coincide with the 30 divisions of the vernier scale. If the smallest
division of the main scale is half-a-degree(=( 5°), then the least count of the instrument is
(AIEEE-2009)

Values of main scaledivision

Least count= . ;
No.of divisions of vernier scale

0 10
IMSDII 1

= =—Xx—=—=1min
30 30 2 60

Combination of Errors:

Error due to addition
If7z=4+B;

AZ = AA + AB (Max. possible error)
Z+AZ =(A+B)+(A4+AB)

AA+AB AA+AB
Relative error=—-—- Percentage error= 8 100
Error due to subtraction

IfZ=A-B
AZ = AAd + AB (Max. possible error )
Z+AZ =(A—B)i(AA+AB)

. AA+ AB AA+AB
Relative error =——— Percentage error =— ——x 100
Whether it is addition or subtraction, absolute error is same.

In subtraction the percentage error increases.

Error due to Multiplication:

AZ AA AB
If Z=AB then 7—74‘?

AZ
7 1s called fractional error or relative error.

AZ A4 AB
=—x100=| —x100 |+| —x100
Percentage error =—-x ( y ] ( 3 )
Here percentage error is the sum of individual percentage errors.
A

Error due to division: if Z = .

i . . AZ AA AB
Maximum possible relative error 2 + =

AA AB
Max. percentage error in division = o x100 + 3 x100



Y Error due to Power:
. AZ A
IfZ=A"; 7—”7

AP BY

r

>  Inmore general form:If Z =

AA  AB AC

. . T = p g
then maximum fractional error in Z is 7 P 1 q B C

AC

As we check for maximum error a +ve sign is to be taken for the term T'—-

C

Maximum Percentage error in Z is

A—Z><100 = pMXIOO-Fq&XlOO-F r£x100
Z A B C
EX.7: A physical quantity is represented by x =M*L"T~. The percentage of errors in the measurements
of mass,length and time are a%, %, y% respectively then the maximum percentage error is

Sol. §><100 = a.%XIOO +b-£><100+c.£x100
X M L T

=aa+bf+cy
EX.8:Resistance of a given wire is obtained by measuring the current flowing in it and the voltage

difference applied across it. If the percentage errors in the measurement of the current and
the voltage difference are 3% each, then error in the value of resistance of the wire is

[AIEEE 2012]
v
Sol. R—7 [.'.logR:logV—logl]
AR AV Al
—(100)={ —+— (100

=3%+3%=6%

EX.9: Two resistors of resistances R =(100+3) ohm and R, =(200+4) ohm are connected (a) in series,
(b) in parallel. Find the equivalent resistance of the (a) series combination, (b) parallel
combination. Use for (a) the relation R = R, + R, and for (b)

Q_1, 1 AR AR AR
R R R ™M Rr R Re
Sol. (a) The equivalent resistance of series combination

R=R +R, =(100£3)0hm+(200+4)ohm

= (300i7)0hm.
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(b) The equivalent resistance of parallel combination

_ Rle _2_00

= =66.7 ohm
R +R,

1 1
Then, from 7= 7~ +R_
1 2

AR AR AR,

weget, =gt

1 2

AR = (R'Z)%+(R'2)%

2 2
(ST oS8TV _y g
100 200 :
Then, R =(66.7+1.8)ohm

Significant Figures :

Assignificant figure is defined as the figure, which is considered reasonably, trust worthy in number.
Ex: 7 =3.141592654
(upto 10 digits)
=3.14 (with 3 figures )
=3.1416 (upto 5 digits )
The significant figures indicate the extent to which the readings are reliable.
Rules for determining the number of
significant figures:
All the non-zero digits in a given number are significant without any regard to the location of the decimal
pointifany.
Ex: 18452 or 1845.2 or 184.52 all have the same number of significant digits,i.e. 5.
All zeros occurring between two non zero digits are significant without any regard to the location of
decimal point if any.
Ex: 106008 has six significant digits.
106.008 or 1.06008 has also got six significant digits.
If the number is less than one, all the zeros to the right of the decimal point but to the left of first non-zero
digit are not significant.
Ex:0.000308
In this example all zeros before 3 are insignificant.
a)All zeros to the right of a decimal point are significant if they are not followed by a non-zero digit.
Ex: 30.00 has 4 significant digits
b) All zeros to the right of the last non-zero digit after the decimal point are significant.
Ex: 0.05600 has 4 significant digits
c) All zeros to the right of the last non-zero digit in a number having no decimal point are not significant.
Ex: 2030 has 3 significant digits



III’ Rounding off numbers:

The result of computation with approximate numbers, which contain more than one uncertain digit,should
be rounded off.
Rules for rounding off numbers:

S Thepreceding digitis raised by 1 ifthe immediate insignificant digit to be dropped is more than 5.
Ex: 4728 isrounded off to three significant figures as 4730.

S The preceding digit is to be left unchanged if the immediate insignificant digit to be dropped is less than
5.
Ex: 4723 isrounded off to three significant figures as 4720

Y Ifthe immediate insignificant digit to be dropped is 5 then there will be two different cases
a) Ifthe preceding digit is even then it is to be unchanged and 5 is dropped.
Ex: 4.7253 is to be rounded off to two decimal places. The digit to be dropped here is 5 (along with
3) and the preceding digit 2 is even and hence to be retained as two only
4.7253=4.72
b)Ifthe preceding digit is odd, it is to be raised by 1
Ex: 4.7153 is to be rounded off to two decimal places. As the preceding digit ‘1’ 1s odd, it is to be
raised by 1.
4.7153=4.72
Rules for Arithmetic Operations with
significant Figures:

S Inmultiplication or division, the final result should retain only that many significant figures as are there in
the original number with the least number of significant figures.
Ex:1.2x2.54x3.26 = 9.93648 .But the result should be limited to the least number of significant digits-
that is two digits only. So final answer is 9.9.

©  Inaddition or subtraction the final result should retain only that many decimal places as are there in the
number with the least decimal places.
Ex:2.2+4.08+3.12+6.38=15.78.Finally we should have only one decimal place and hence 15.78 is to
be rounded off as 15.8.

EX.10:The respective number of significant figures for the numbers 23.023,0.0003and
21x107are (AIEEE-2010)

Sol.(1)All non -zero numbers are significant figures
(i1) Ifthe number is less than one,zero between the decimal and first non zero digit are not significant.
(ii1) Powers of 10 is not a significant figure.

- 5,1,2



S.No. Physical Quantity Formula Dimensional Formula SI Unit

1. Displacement,

Wave length,
Radius of gyration, (ML 1] m
Circumference,
Perimeter,Light year,
2. Mass (M| ke

total time

3. Period of oscillation, o
no.of oscillations

Time, (M T s

Time constant T = Capacity x Resistance
4. Frequency Reciprocal of time period 7 =% [M°L'T"]  hertz (Hz)
5. Area A =length x breadth [(m°rT] m’
6. Volume V=length x breadth x height [(M°LT" ] m’
7 Densi d= mass |:M1L73TO] k 3

’ ity volume gm
. _ _ mass - 1
8. Linear mass density length [(M'C'7T°]  kem
e displacement
9. Speed, Velocity time (ML ] ms’!
. change in velocity
10. Acceleration a= , [m°LT ms?
time

11. Linearmomentum P=mass x velocity [M'LT]  kegms'
12. Force F =Mass x acceleration [M'LT] N
13. Impulse J=Force x time [M'LT]  Ns
14. Work,Energy,PE,KE, = W =Force x displacement

Strain energy, P.E=mgh

Heat energy KE = % (Mass) (velocity)? [M'2T?]  Jor)N.m

SE= %XStressXStrainXVolume

Work
15. PoEXur P=— (M7 ] watt
time
Force
16. Pressure, Stress,
Area

Stress

Modulus of elasticity (Y,77,k) Y= [M'L'T?]  pascal or N

Strain



17.

18.

19.

20.

21.
22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.
33.
34.

35.

36.

change in dimension

Sirain ~ original dimension
Strain energy densi E= work
gy density volume
Angualar disol 0= length of arc
gular displacement T radivs
. __angular dispacement
Angular velocity = fime

changein angular velocity

Angular acceleration 0= -
time

Angular momentum L=linear momentum
xperpendicular distance

_energy

Planck's constant h= frequency

requency

Angular impulse Torque x time

Torque t=forcex | distance

Acceleration due to

) _ weight

gravity(g) mass

_ Forcex (distence)2

Universal gravitational
& Mass, x Mass,

Constant
Moment of inertia [=Mass x (radius of gyration)’
Velocity gradient v
elocity gradien =
tyer dx
) 5= surfaceenergy _ force
Surface tension, changeinarea length
Surface energy
Spring constant
_ force
Force constant K=s——
elongation

_ tangential stress

Coefficient of viscosity "™ - "~ ty gradient

Gravitational potential ~ Gravitational field x distance

Heat energy msO
Temperature 0

. . heat energy
Specific heat capacity S (or) C= FeS— temp.

dQ

Thermal capacity £=mass><sp. ht

[M°LT° ] 1O units
(ML ] Jm?
[m°r'T"] rad

(M7 ] rads™
(ML rads?
(M7 ] Js

(M7 ] Js

[(m'rT ] Js

(m'rT Nm
[M°LT>] ms? or Nkg!
(M7 Nm? kg?
[(M'DT°] kgm?
[MOLOT—IJ 5!

8% Nm'or Jm?
(M7 ] Pas(or) Nms
|: MOIAT 72:| J/Kg
[(M'DT7] joule
[M°L'T°0"] kelvin( K)
[m°rT267]  Jkg'K!

(M'rT70]  JK!



37.

38.

39.

40.

41.
42.

43.

44,

45.

46.

47.

48.

49.

50.

51.
52.

53.

Latent heat (or)

Calorific value

Water equivalent

Coefficient of thermal

expansion

Universal gas constant

Gas constant (for 1 gm)
Boltzmann’s constant

(for 1 Molecule)

Mechanical equivalent
of heat

Coefficient of thermal
1

conductivity

Entropy

Stefan's constant

Thermal resistance

Temperature gradient
Pressure gradient

Solar constant

Enthalpy
Pole strength

Magnetic moment

= heat energy

mass
W=Mass x specific heat

g AL g A
ne°" " ang> VA9

=Y
nT
R

F
Mol.wt

R
Avagadro number

J:

SR

K Qd
A Abt

dQ _ heatenergy

T  temperature
AE
o= — 2
AAATO*

d6 _ tempxtime
[ dQ j Heat
dt

d
R:_
(or) A

Change in temp _df
length Cdl
Change in pressure _ dp
length Sl
_AE
AT

R=

Energy
area X time

heat (AQ)
m=IL (or)

Magnetic Momement
Mag.Length

M=2/xm

|:M0L2T-2:|
[(M'LT° ]

[MOLOTOH_I :'
[M'2T260 " mol™ ]
[M°LT70 " mol™ |
|:M1L2T-26-1:|

[M°L°T°]

|:M1L1T73971:|

|:M1L2T-20-1:|

|:M1L0T7394:|

|:M-1L-2T391:|

Jmol'K"!

Jkg'K!

JK'molecule’

no Sl units

Jstm!K! (or) Wm' K-

JK!

Js'm?2K+# (or) Wm2K*

KsJ!

Km'!
pascal m!

Js'm?(or) Wm?

joule
Am

Am?



54.

55.
56.

57.

38.

59.

60.
61.

62.
63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Magnetic intensity (or)
Magnetising field

Intensity of magnetisation

Magnetic flux

Magnetic induction

1 m 1
Magnetic permeability

Magnetic susceptibility
FElectric current

Charge

Electric dipole moment

Electric field strength (or)

Electric field intensity

Electrical flux ( ¢, )

Electric potential (or)

FElectrical resistance

FElectrical conductance

Specific resistance (or
Resistivity o (or)s

Electrical conductivity

1

Current density
( current per unit area

of cross section)

Capacitance

Self (or) Mutual

mductance

H=—
4nd

= Magnetic moment

Volume

u u
¢ = BxA

=(Magnetic induction x Area)

g _ ¢ _ Magnetic flux _F
A Area il

_ 4nFd’

m,m,

Q=Current x Time

P=Charge x Distance

= Force

Charge
Electrical intensity x area

V= Work

Charge
Potential difference
R= Pot.diff

Current

1 1

R Resistance

=

1
© Resistivity

J=Electrical intensity
x Conductivity

Current
or ( Area ]
_ Q_ Charge
B V_Potential
de _ VoltagexTime
[ dl j_ Current
dt

C

[MOL'IT‘)A]

[MOL’ITOAJ

[MILZT’2A’1J

[M‘LOT’2A’1]

|:M1L3T-3A-z

|:M-1L-3T3Az:|

[MOL’2T°AJ

[M’lL’2T4A2]

|:M1L2T-2A-z

Am!

Am!
Wb

Tesla (or) Wbm™ (or) NA"

Hm!

Nno units

Cm

NC!

Nm? C'!

Q

mho (or) Siemen (S)

Ohm-m

Ohm™' m (or) Siemen m

Am?

H(or) Wb/amp



73.
74.

75.

76.

77.

78.

79.

b

. _ 99 “1p-3d 42
== M™L"T" 4
Electrical permittivity = [ J farad/m
Surface charge density [M°L°T'4"] Cm?
Charge
Area
. Light ener;
Luminous flux =TT (M7 ] lumen
Time
Intensitv ofilluminati = AE _ ( Luminous flux MOT I 5 I
tensity of illumination ATAA Arcn [ umenm™ (or) lux.
(or) [luminance
1
P 0y-10 :
Focal poEX.r Focal longth [M°L'T° ] dioptre
-1
Wave number = [M°L'T° ] m’!
(Propagation constant)
) :@ 07-170 -1
Rydberg’s constant SeZch’ [(M°L'7°] m

Dimensions of a physical quantity are the powers to which the fundamental quantities are to be raised to
represent that quantity.

Dimensional Formula :

An expression showing the powers to which the fundamental quantities are to be raised to represent the
derived quantity is called dimensional formula of that quantity.

In general the dimensional formula of a quantity canbe written as [ *2'7* | . Here X,y,z are dimensions.
Dimensional Constants:

The physical quantities which have dimensions and have a fixed value are called dimensional constants.
Ex:Gravitational constant (G), Planck's constant (h), Universal gas constant (R), Velocity of light in
vacuum (c) etc.,

Dimensionless Quantities:

Dimensionless quantities are those which do not have dimensions but have a fixed value.
(a):Dimensionless quantities without units.

Ex:Pure numbers,angle trigonometric functions , logarthemic functions etc.,

(b)Dimensionless quantities with units.

Ex:Angular displacement - radian, Joule's constant etc.,

Dimensional variables:

Dimensional variables are those physical

quantities which have dimensions and do not have fixed value.

Ex:velocity, acceleration, force, work, power.etc.

Dimensionless variables:

Dimensionless variables are those physical quantities which do not have dimensions and do not have
fixed value.,

Ex: Specific gravity, refractive index, Coefficient of friction, Poisson's Ratio etc.,



I“' Limitationas of Dimensional analysis method

> Dimensionless quantities cannot be determined by this method. Constant of proportionality cannot be

determined by this method. They can be found either by experiment (or) by theory.

This method is not applicable to trigonometric, logarithmic and exponential functions.

In the case of physical quantities which are

dependent upon more than three physical quantities, this method will be difficult.

S Insome cases, the constant of proportionality also possesses dimensions. In such cases we cannot use
this system.

©  Ifone side of equation contains addition or subtraction of physical quantities, we cannot use
this method.

o
o

EX.11: Let [6‘0] denote the dimensional formula of permittivity of vacuum .If M is mass ,L is

length,T is time and A is electric current,then (JEE-MAIN 2013)

Sol. F lomb’s law £ = L 94,
ol. rom couiomp’s 1aw 47[80 Rz

__4949

* 4zFR’
Substituting the units
¢ [41]

i va— (ML ][ 1]
EX.12:The dimensional formula of magnetic field strength in M, L, T and C (coulomb) is given as
(AIEEE 2008)
Sol. From F=Bqv
-2
p=tf_ M =[m'r1TC ]
qv C [LT }

Physical Quantities Having Same

_ [M_IL_3T4A2]

Dimensional Formulae:
Distance, Displacement, radius,wavelength, radius of gyration [L]

Speed, Velocity, Velocity of light [L T _1]

acceleration ,acceleration due to gravity, intensity of gravitational field, centripetal acceleration [L T2 ]
Impulse, Change inmomentum [m 27|

Force, weight, Tension,energy gradient, Thrust [M L Tﬂ

Work, Energy, Moment of force or Torque, Moment of couple [M r T’ZJ

Force constant, Surface Tension, Spring constant, surface energy i.e. Energy per unit area [M Tﬂ

Angular momentum, Angular impulse, Planck's  constant [s 27|

f‘f‘f‘f‘f‘f‘f‘f‘f‘s

Angular velocity, Frequency, angular frequency, Velocity gradient,
Decay constant, rate of disintegration [T™]

f

Stress, Pressure, Modulus of Elasticity, Energy density [M rc'r ]



“  Latent heat, Gravitational potential [LZ T‘Z]
Specific heat, Specific gas constant [ £ 776 |

Thermal capacity, Entropy, Boltzmann constant, Molar thermal capacity, [M LT 1]

Y Wave number, Power ofa lens, Rydberg’s constant [L"l]

S Time,RC, -, VLC(T)

“  Power, Rate of dissipation of energy, [ ML'T ™ |

S Intensity of sound, Intensity of radiation [ 47 ]

Y Electric potential, potential difference, electromotive force [ ps727-37-']
©  Intensity of magnetic field, Intensity of magnetization [1 L' ]

©  Electric field and potential gradient [MLT AT ]

©  Rydberg’s constant and propagation constant [M °L'T’ ]

LN

Strain , Poisson’s ratio, refractive index, dielectric constant, coefficient of friction, relative permeability,

magnetic susceptibility, electric susceptibility, angle, solid angle, trigonometric ratios,logarithm function,

exponential constant are all dimensionless.

L
©  IfL,C and R stands for inductance, capacitance and resistance respectively then R’ VLC,RC and

time [M °L°T]

Y Coefficient of linear expansion, coefficient of superficial expansion and coefficient of cubical

expansion,temperature coefficient of resistance [M 'L’T°K™! ]

©  Solar constant and poynting vector [MLOT - ]

Principle of homogeneity:
S Itstates that only quantities of same dimensions can be added, subtracted and equated.

2

a —ct
EX.13: The dimensional formula of 5 in the equation P = 2 bc where P = pressure,
X
displacement and t = time
a ct’
Pl=|—|-|—
Sol. [ ] [bx} |:bx:|
. . . a
By principle of Homogeneity, br should represent pressure

E}% =[MLT?] o {%} _ [ MT—z]

X=



Uses of dimensional analysis method:
S To check the correctness of the given equation. (This is based on the principle of homogeneity)

“ To convert one system of units into another system.
© To derive the equations showing the relation between different physical quantities.

1
EX.14:Check whether the relation S =u? +Eat ? s dimensionally correct or not, where symbols

have their usual meaning.

1
Sol. we have S = uf + ) at® . checking the dimensions on both sides, LHS=[ ] = [M °L'T OJ ,

RHS:[uz]+B mz} =[Lr[r]+[ LT ][17]

=[M°LT" |+ [M°LT" | =[ M LT ]
we find LHS=RHS.
Hence, the formula is dimensionally correct.
EX.15:Young’s modulus of steel is 19x10'° N / ;2. Express it in dyne/cm’. Here dyne is the CGS

unit of force.
Sol.  The STunitof Young’s modulusis p /2.
10’ dyne
Given ¥ =19x10° 2 =19x10"| === :19><10”(dyn_zej
m’ (10 cm) cm

EX.16 : For a particle to move in a circular orbit uniformly, centripetal force is required, which
depends upon the mass (m), velocity (v) of the particle and the radius (r) of the circle. Express
centripetal force in termsof these quantities

Sol. According to the provided information,
let Foc m™V're. = F = km“V'r*
=[M'LT?]= [M” (1) L‘}

— I:MlLlT_z} _ I:MaLbﬂ‘T—b:I

using principle of homogeneity we have
a=1,btc=1,b=2

onsolvingwe havea=1,b=2,c=-1
using these values we get F = f,112-!

2
my

=F=k

r
Note: The value of the dimensionless constantk is to be found experimentally.



EX.17: Derive an expression for the time period of a simple pendulum of mass(m), length (1) ata
place where acceleration due to gravity is (g).
Sol. Let the time period of a simple pendulum depend

upon the mass of bob m, length of pendulum /,
and acceleration due to gravity g, then

tocml’g® =t=kml’g*
MOLOTI :MaLb I:LT—ZjIC :}MOLOTI =MaLb+CT—ZC

comparing the powers of M, L, and T on
both sides, we geta=0,b+c=0, -2c=1

/2 I
=a=0,b=1/2and c=-1/2. Putting these values, we get Tzkmog :T:k\/;’

which is the required relation.

EX.18: If C is the velocity of light, h is Planck’s constant and G is Gravitational constant are taken
as fundamental quantities, then the dimensional formula of mass is.(Eamcet - 2014)

Sol. C:[LT"] - 1) h:[MLzT’lJ - (2)

G=[MLT?] > (3)

Solving (2) and (3)
h | MLT!
G || Sl
Substituting (1) in above
2 -t
h_M :[M]z{hZGZCZ}
G C
EX.19:IfE, M, J and G respectively denote energy, mass, angular momentum and universal gravi-
EJ®
tational constant, the quantity, which has the same dimensions as the dimensions of e

(Eamcet-2013)

2

Sol. D.F.of ———

Substituting D.F. of E, J, M, and G in above formula

| MIT (meT | -
ST = M°L'T’ ]

N LR
EX.20: In the equation [p ﬁ] kT

stant and T is the temperature. Dimensions of S are (Med- 2013)

1y
Sol. 1Y kBT

where p is the pressure, y is the distance, &, is Boltzmann con-



_[Dimensional Sformulae of kB][Dimensional Sformulae of T]

Dimension of [ o) ]

B [Dimensionalformulaeofp][Dimensionalformulaeofy]

— |:ML2T73 j| [T] _ 0720
- W =M1 ]
.. Dimensions of M,L, T in # are 0,2,0

EX.21: The vander Waal’s equation for n moles of a real gas is (PJF%j(V—b) =nRT where p is pres-

sure, V is volume, T is absolute temperature, R is molar gas constant a, b and ¢ are vander
Waal’s constants. The dimensional formula for ab is (Med-2012)

a
Sol. By principle of homogenity of dimensions P can added to P only. It means 2 also gives pressure.

Dimension formulae for pressure (P)=[ M'L'T~ | and Volume (V') =[ M°L'T" |

) a
Since — = pressure
VZ

m =[(M'L'T? )= ﬁ =[M'L'T7]

na=[M'LT?]
similarly, b will have same dimensions as volume |V —p = yolume
S b=[M°LT]

o ab]=[M'CT? |[MLT | <[ M'LT ]

EX.21: The vander Waal’s equation for n moles of a real gas is (IH%J(V—[?) =nRT where p is pres-

sure, V is volume, T is absolute temperature, R is molar gas constant a, b and ¢ are vander
Waal’s constants. The dimensional formula for ab is (Med-2012)

Sol. By principle of homogenity of dimensions P can added to P only. It means also gives pressure.

a
W
Dimension formulae for pressure (P)=| M'L"'T~ | and Volume (V) =[ M°L'T* |

a

Sinc 772 ~ pressure

(MUZ3T°) =[MLT? )= —MO‘L’6T0 =ML ]

a= [MILST‘z}

similarly, b will have same dimensions as volume |V —p = volume
L b=[M°LT]

o [ab)=[M'CT? |[M°LT" | = M'L'T™ ]



EX.22:A screw gauge having 100 equal divisions and a pitch of length 1 mm is used to measure the
diameter of a wire of length 5.6 cm. The main scale reading is 1 mm and 47th circular division
coincides with the main scale. Find the curved surface area of the wire in ;> to appropriate
significant figures.(Use 7 =22/7)

1mm
. =—=0.01lmm
Sol. Least Count 100

Diameter = MSR + CSR(LC) =1 mm+47 (0.01) mm = 1.47 mm

22
Surface area = 7D/ = 7>< 1.47 x56mm?

= 2.58724cm*= 26cm?

EX.23: In Searle’s experiment, the diameter of the wire as measured by a screw gauge of least
count 0.001 cm is 0.050 cm. The length, measured by a scale of least count 0.1 cm, is 110.0 cm.
When a weight of 50 N is suspended from the wire, the extension is measured to be 0.125 cm by
a micrometer of least count 0.001 cm. Find the maximum error in the measurement of Young’s
modulus of the material of the wire from these data.

Sol.Maximum percentage error in Y is given by

w L
Y= 2X—:> g =2 Q +£+£
D" x Y D x L

4
_ 2(0.001]{0.001){&) _ 0.0489
0.05 ) (0.125) (110
EX.24:The side of a cube is measured by vernier calipers (10 divisions of the vernier scale coincide
with 9 divisions of the main scale, where 1 division of main scale is 1 mm). The main scale reads
10 mm and first division of vernier scale coincides with the main scale. Mass of the cube is 2.736

g. Find the density of the cube in appropriate significant figures.
Sol.Least count of vernier calipers

Ldivision of main scale 1
= ———— : =—=0.1mm
Number of divisionsinvernier scale 10

The side of cube=10mm+ 1x0.1mm =1.01cm

Mass — 2.136g

o - =2.66gcm™
Now, density = Volume (1,01)3 cm’ g

|||' Accuracy, precision, types of errors and combination of errors
EX 25. Theaccuracy in the measurement of the diameter of hydrogen atom as1.06 x 10" m is

1
D001 2)106x 107 3)7 - 4)0.01 x 10°°
Ad 0.01x107° 1

Sol ;2= =2 o key-3

“d 1.06x107° 106



EX 26. The length of a rod is measured as 31.52 cm. Graduations on the scale are up to
) 1mm 2)0.0l mm 3)0.1 mm 4) 0.02 cm

Sol : 0.01cm 1s the least count of varnier caliperse.

key-3
EX 27.1f L=(20+£0.01)m and B=(10£0.02)m then L/B is
1) (240.03)m 2) (2+0.015)m
3) (Zi0.0l)m 4) (Zi0.00S)m
Ax AL AB AL AB
Sol :— =—+—=>Ax=x| —+—
x L B L B
_20{ 0.01 N 0.02
100 20 10
xiAx=(2i0.005)m
key-4
EX 28. The radius of a sphere is measured as (10 + 0.02%) cm . The error in the measurement of its
volume is
1)25.1cc 2)25.12cc 3)2.51cc 4)251.2cc
Sol :Vziﬂ'l”} - A 100=32" 100
3 v r

A
Av:3><—r><v, key-3
r

EX 29. If length and breadth of a plate are (40 + 0.2) cm and (30 + 0.1)cm , the absolute error in
measurement of area is

1) 10cm*> 2) 8em* 3) 9em? 4) Tem?

Sol ;A:lb:ﬁzA—l+A—b:>AA:A A—I+A—b
A [l b I b

A4 =bAl+IAb =10cm*  key-1

EX 30. If the length of a cylinder is measured to be 4.28 cm with an error of 0.01 cm, the percentage
error in the measured length is nearly
1) 04% 2)05% 3)02% 4)0.1%

Al 0.01
2100 =222 4100 = 0.2%
Sol : 428 °
key-3

EX 31. When 10 observations are taken, the random error is x. When 100 observations are taken,
the random error becomes

1) x/10 2) 2 3)10x 4 Jx



Y 1 X, _N,_ 10
Sol : X5 =% "N " 100
key-1
EX32.IfL, =(2.02+0.01)mand L, =(1.02£0.01)m then L +2L,is (in m)
1) 4.06+0.02 2) 4.06+0.03
3) 4.06+0.005 4) 4.06+0.01
Sol : L, +2L, =2.02+2x1.02 = 4.06

AL +2AL, =0.01+2x0.01=0.03

key-2

EX 33. Abody travels uniformly a distance of (20.0£0.2)m in time (4.0+0.04)s. The velocity of
the body is

1) (5.0i0.4) ms” 2)(5.0i0.2) ms”'
3) (5.0i0.6) ms”™' 4)(5.0i0.1) ms”™'

SlV—E M—A_S_Fﬂ
Ty s T

key-4

|||’ Significant figures & Rounding off
EX 34. If the value of 103.5 kg is rounded off to three significant figures, then the value is
1) 103 2) 103.0 3) 104 4) 103
Sol :If last digit is 5, if the preceding digit is odd then it should be increased by adding 1 and last digit 5
has to be ignored.
key-3
EX 35. The number of significant figures in 6.023x10% mole™ is
1) 4 2)3 3) 2 4) 23
Sol :Use limitation of significant figures
key-1
EX 36. The side of a cube is 2.5 metre. The volume of the cube to the significant figures is
1) 15 2) 16 3) 1.5 4) 1.6

Sol :  — j* and rounded off to minimum significant
key-2



I“ Units and dimensional formulae
EX 37. If the unit of length is doubled and that of mass and time is halved, the unit of energy will be
1)doubled 2)4times 3)8times 4)same

2 -2
E_ML||L
Sol : E MI[LJ [T]j
key-3
EX 38. Given M is the mass suspended from a spring of force constant. k. The dimensional formula

for [M/k]”2 is same as that for

1) frequency 2) timeperiod  3) velocity 4) wavelength
Sol :Here [k] = force/ length = /072

1/2
Hence [%} =M°L'T
key-2
EX 39. The dimensional formula for the product of two physical quantities P and Q is [ 3,7272]. The

P
dimensional formula of 0 is [ 7772 ] Then P and Q respectively are(2001 M)

1) Force and velocity 2) Momentum and displacement
3) Force and displacement 4) Work and velocity
P _
Sol : pQ = MI*’T? ----(1); 0 MT? (2)

(DXQ®2)= p> = p2p214
— P=MLT2 =FOrRCE (1)/(2)=Q*=L?
key-3

EX 40. If the unit of length is doubled and that of mass and time is halved, the unit of energy will be
1)doubled 2)4times 3)8times 4)same

2 -2

E_ML)IL

Sol.E] MI[LJ[TJ
key-3

EX 41. Given M is the mass suspended from a spring of force constant. k. The dimensional formula

for [M/k]”2 is same as that for

1) frequency 2) time period

3) velocity 4) wavelength
Sol :Here [k] =force/ length = 7072

M 1/2
Hence [7} =ML'T  key-2



EX 42. The dimensional formula for the product of two physical quantities P and Q is [ y;7272]. The

P
dimensional formula of 0 is [ ;772 |- Then P and Q respectively are(2001 M)

1) Force and velocity
2) Momentum and displacement
3) Force and displacement
4) Work and velocity
Sol :

PO=MET? (1), =M —m(2)
()X (2)= p? - pp2 27
—P=MLT?=FOorRcE (1)/(2)=Q*=L?
key-3

EX 43. If minute is the unit of time, 10 ms~ is the unit of acceleration and 100 kg is the unit of mass,
the new unit of work in joule is
1) 10° 2) 10¢ 3)6x 10° 4) 36x 10°

w, M2a22T22
. 22 - —< =
Sol : yaMa?T? w, M1”12T12

key-4

EX 44. The magnitude of force is 100 N. What will be its value if the units of mass and time are
doubled and that of length is halved?
1)25 2)100 3) 200 4) 400

Sol : i [M, LT = ny[M,L,T,*]
key-1

EX 45. If force (F), work (W) and velocity (V) are taken as fundamental quantities then the dimensional
formula of Time (T) is (2007 M)

DIw'F'y'] Hw'F'v']
3w 'F v ] Hw'Fy]
Sol: 7o wove; MOLT o MLT Y [MEAT Y [LT 'V

key-4



EX46. The error in the measurement of the length of the simple pendulum is 0.2 % and the error in

time period 4%. The maximum possible error in measurement of I is
1) 42% 2)3.8% 3) 7.8% 4) 8.2%
Aac AL AT

Slth_L = +2
ol1:LC Tz, X_L T

key-4

EX 47. The least count of a stop watch is (1/5) s. The time of 20 oscillations of a pendulum is measured
to be 25 s. The maximum percentage error in this measurement is
1) 8% 2)1% 3)08% 4)16%

Sol:.AT=1/—5and Tzé-% err0r=A—T><100
20 20° T

key-3
EX 48. The diameter of a wire as measured by a screw gauge was found to be 1.002 cm, 1.004 cm
and 1.006 cm. The absolute error in the third reading is

1)0.002 cm 2)0.004 cm
3)1.002 cm 4) zero
Sol:. Ax; = |x3 =X, 00m
key-1

EX 49. Force and area are measured as 20 N and 5m? with errors 0.05 N and 0.0125m?. The
maximum error in pressure is (SI unit)

1) 4+0.0625 2) 440.05
3) 4+0.125 4) 4+0.02
Sol:.p=£:>A—p=£+£:>Ap=p(£+ﬂj
A p F 4 F 4
key-4

EX 50. The length and breadth of a rectangular object are 25.2cm and 16.8cm respectively and have
been measured to an accuracy of 0.1cm. Relative error and percentage error in the area of the

object are
1) 0.01 & 1% 2) 0.02 & 2%
3) 0.03 & 3% 4) 0.04 & 4%
Sol Aa Al N Ab
o ~-Cl=1><b ’ a l b
A—ax100:(A—l+£jx100
a / b

key-1



3 -3
EX 51. Dimensional analysis of the equation (Ve]ocity)x = (Pressure difference )5 _(density)?

gives the value of x as: (1986 E)
11 2)2 3)3 4)-3

Sol :17. Substitute dimension formulae
key-3

EX 52. For the equation F=A?v"d® where Fis force, Ais area, v is velocity and d is density, with the
dimensional analysis gives the following values for the exponents. (1985E)
l)a=1,b=2,c=1 2)a=2,b=1,c=1
3)a=1,b=1,c=2 4)ya=0,b=1,c=1

Sol :18. F= 49tq° ;MLT = (L2 )a (LT‘1 )b (ML‘3 )C comparing the powers on both sides
key-1

EX 53. The length of pendulum is measured as 1.01m and time for 30 oscillations is measured as
one minute 3 seconds. Error in length is 0.01 m and error in time is 3 secs. The percentage error

in the measurement of acceleration due to gravity is. (Engg. - 2012)
1)1 2)5 3) 10 4)15
Sol :19 T=27T\/z-£><100=ﬂx100+2£x100
' g’ g l T
key-3

EX 54. The Energy (E), angular momentum (L) and universal gravitational constant (G) are chosen as
fundamental quantities. The  dimensions of universal gravitational constant in the dimensional
formula of Planks constant (h) is (Eng - 2008)

1o 2)-1 3)5/3 41
Sol:hoc E,L,G
MET =(MET?) (MET) (M7'LT?)
key-1
EX 55. Abody weighs 22.42 g and has a measured volume of 4.7 cc the possible errors in the

measurement of mass and volume are(.01g and 0.1 cc. Then the maximum percentage error
in the density will be(Med- 2010)

1) 22% 2)2.2%  3)0.22% 4)0.022%
: M ,
Sol :. The density of d = A % Error of density

Ad AM AV
—x100=——x100+—x100 | key-2
d M \%

EX 56. If energy E, velocity v and time T are taken as fundamental quantities, the dimensional
formula for surface tension is (Med-2009)

1) [EV_ZT_Z] 2) [Esz‘2]

3) [Ev’zT’IJ 4) [E’zv’zT’IJ



Sol :[S]oc [E]a x[v]h X[T]C

(mr2]=[MET> ] <[ LT ] [T]
Comparing the powers on both sides we get a,b,c
key-1
EX57. The measured mass and volume of a body are 53.63 g and 5.8 cm’® respectively, with possible
errors of 0.01 g and 0.1 cm®. The maximum percentage error in density is about

1)0.2%  2)2% 3)5% 4) 10%

M Ap Am AV
| :Density p = —; ——x100= { }100
Sol :Density p v p 7

m

key-2
EX 58. Avernier calipers has 1 mm marks on the main scale . It has 20 equal divisions on the vernier
scale,which match with 16main scale divisions. For this vernier calipers the least count is

1)0.02mm 2)0.05mm 3)0.1mm 4) 0.2mm
Sol :. 16 M.SD=20V.SD=1V.S.D=4/5M.S.D
LC=1M.S.D-1VS.D
key-4
EX 59. The resistance of metal is given by V=IR. The voltage in the resistance is /' = (8 + 0.5) \%

and currentin the resistanceis / = (2 t 0.2) A, the value of resistance with its percentage error
is
1) (4i16.25%)Q 2) (4i2.5%)§2

3) (4%0.04%)Q 4) (4£1%)Q

v AR [AV Al
. = 100x— =| =—+= |x100
Sol :. R 7 X [V+[}

AR
Resistance = [R t = 100}
key-1
EX 60. In an experiment, the values of refractive indices of glass were found to be 1.54, 1.53, 1.44,
1.54, 1.56 and 1.45 in successive measurements
i) mean value of refractive index of glass ii) mean absolute error
iii) relative error and iv) percentage error are respectively,

1)1.51,0.04,0.03,3% 2)1.51,0.4,0.03,3 %
3)15.1,0.04,0.03,3% 4)15.1,0.04,0.3,3 %

Z/u Z(/umean _:ui)

Sol: /'lmean - /'lmean - ;

relative % error in (=

mean



4r°L
EX 60. A student performs an experiment for determination of & {: ?} ,L ~1m, and he commits

an error of A7, for T he tajes the time of n oscillations with the stop watch of least count A7 .For
which of the following data the measurement of g will be most accurate?

1) AL=0.5,AT =0.1,n =20
2) AL=0.5,AT =0.1,n =50
3) AL=0.5,AT =0.01,n =20
4) AL =0.5,AT =0.05,n =50

Ag Al _AT , ,
Sol : ? =7 +2 T ( Al and AT are least, and the number of readings are maximum)
key- 4

EX 61. Arectangular metal slab of mass 33.333 has its length 8.0 cm, breadth 5.0 cm and thickness
1mm. The mass is measured with accuracy up to 1 mg with a sensitive balance. The length and
breadth are measured with vernier calipers having a least count of 0.01 cm. The thickness is
measured with a screw gauge of least count 0.01 mm. The percentage accuracy in density
calculated from the above measurements is

13% 2)I30% 3)1.6% 4)16%

Sol : Percentage error gives percentage accuracy d = lbﬂh
relative error Ad_Am +A—I+A—b+A_h
> d m I b h
and calculate [Ad—dj x100
key- 3
EX 62. In the relation P = % e % /KO ; Pis pressure, K is Boltzmann’s constant, Z is distance and
@ is temperature. The dimensional formula of £ will be
n[mM LT 2) [M'T']
3) (M7 ] 4 [mM LT

az|_, >,

Sol :[%}_ ; 20)Here[A]|=1IT" and[B]=KT
key-1

EX 63. The heat generated in a circuit is given by Q =i’ Rt joule , where ‘i’ is current, R is
resistance and t is time. If the percentage errors in measuring i, R and t are 2%, 1% and 1%
respectively, the maximum error in measuring heat will be

1)2 % 2)3%  3)4% 4)6%



AQ 2Ai AR At
e _i2psr —x100=—-x100+—x100+—x100

key-4
EX 64. You measure two quantities as A=1.0m + 0.2m, B=2.0m + 0.2m. We should report correct

value for /AR as
1)1.4m+ 0.4m 2)1.41m+ 0.15m
3) 1.4m+ 0.3m 4)1.4m+ 0.2m

Sol : Y = VAB =,/(1.0)(2.0) = 1.414m

Ay I[AA AB} 1[0.2 0.2} 0.6
— == —+— +

y 2l A B 2[10 20/ 2x20
Rounding off to one significant digit Ay =0.2 cm
key-4

EX 65. Which of the following measurement is most precise ?

1)5.00mm 2)5.00cm 3)5.00m 4)5.00 km
Sol : All given measurement are correct upto two decimal places. As here 5.00 mm has the smallest unit and
the error in 5.00 mm is least (commonly taken as 0.01 mm if not specified), hence, 5.00 mm is mpst

precise.
key-1

EX 66. The mean length of an object is S cm. Which of the following measurement is most accurate
"

1)49cm 2)4.805cm3)5.25cm 4)5.4cm

Sol : Given length
Now, checking the errors with each options one by one, we get

AlL,=5-49=0.1cm
Al,=5-4.805=0.195 cm
AL;=5.25-5=0.25cm
Al,=54-5=04cm

Error Al is least

Hence, 4.9 cm is most precise.
key-1



JEE MAIN PREVIOUS YEAR QUESTIONS

TOPIC-1.....Unit of Physical Quantities

1. The density of a material in SI unit is 128 kg m~3 In certain units in which the unit of
length is 25 cm and the unit of mass is 50 g, the numerical value of density of the
material is:

[10 Jan. 2019 ]
(a) 40 (b) 16 (c) 640 (d)410

128kg

sol.  (a) Density of material in SI unit,= —

Density of material in new system

_ 128(509(0) _ 128 (50 _ 40
T (25cm)3(4)3 64 (20) = 40units

2. A metal sample carrying a currentalong X-axis with density J4 is subjected to a
magnetic field B,(along z-axis). The electric field E;, developed along Y-axis is directly
proportional to ], as well as B,. The constant of proportionality has SI unit

[Online April 25, 2013]
m? m3 m2 As
(a) —- (b) (©) (d)—
sol.  (b) According to question Ey « ], By

Ey _ E m3
BzJx Ix As

[Asg = C (speed of light) and ] = : ]

Area

Constant of proportionality K =

TOPIC-2.....Dimensions of Physical Quantities

1
Jiogo’ Y=

Resistance, [-length, E-Electric field, B-magnetic field and ¢, , y, , - free space

. E .
3. The quantities = . and z = CiR are defined where C-capacitance, R-

permittivity and permeability respectively. Then : [Sep. 05, 2020 (II)]

(a) x, y and z have the same dimension.



(b) Only x and z have the same dimension.
(c) Only x and y have the same dimension.

(d) Only y and z have the same dimension.

sol.  (a) We know that Speed of light, ¢ =

=X

1

v Hoéo
E

Also, ¢ = z=Y

Time constant, ' = Rc =t

11
Z—E—E—Speed

Thus, x, y, z will have the same dimension of speed.

4. Dimensional formula for thermal conductivity is (here K denotes the temperature):
[Sep. 04, 2020 (I)]
(a) MLT™2K (b) MLT2K™?2 (c) MLT3K (d) MLT3K™?!

o
dQ:kAd—T:>k— dt

sol.  (d) From formula, —
dt dx [ dT )
Al 2
dx
[ML2T~3]
k] = ———==[MLT3K!
= e ]
5. A quantity x is given by (IFv?/WL*) in terms of moment of inertia I, force F, velocity

v, work W and Length L. The dimensional formula for x is same as that of:
[Sep. 04, 2020 (1D)]
(a) planck’s constant (b) force constant
(c) energy density  (d) coefficient of viscosity
sol.  (c) Dimension oflorce F= M1L1T~2
Dimension of velocity V = LIT™?
Dimension of work = M*L2T~2
Dimension of length = L

Moment of inertia = ML2



_IFp? _ (M2)(MiLiT2)(LiT2)°

T owis MIL2T~2)(LH)
1y —2p—2
= % = M!L™1T~2 = Energy density
6. Amount of solar energy received on the earth’s surface per unit area per unit time is
defined a solar constant. Dimension of solar constant is: [Sep. 03, 2020 (II)]

(a) ML2T~2  (b) ML°T™3  (c) M2L°T~! (d) MLT 2

Energy

sol. (b) Solar constant = TimeArea

Dimension of Energy, E = ML2T 2
Dimension of Time = T

Dimension of Area = L?

MipL2T—2

Dimension of Solar constant = ——— = M1LoT—3
7. If speed V, area A and force F are chosen as fundamental units, then the dimension of
Young’s modulus will be: [Sep. 02, 2020 (I)]

(a) FA2V™1  (b) FA2V™3  (c) FA’V~2 (d) FA1V°

stress

sol.  (d) Young’s modulus, Y =

strain

F A¢

>Y=—/—=FA1V°
A/ o
8. If momentum(P), area (A) and time (T) are taken to be the fundamental quantities then
the dimensional formula for energy is : [Sep. 02, 2020 (II)]
(a) [P2AT 2] (b) [PA™1T?] (c) [PAY/2T1] (d) [PY/2AT ]

sol.  (c) Energy E o A*T?Pp°¢
or, E = kA*TP P ---(i)
where k is a dimensionless constant and a, b and c are the exponents.
Dimension of momentum, P = M1[1T~1
Dimension of area, A = L?

Dimension of time, T = T?



Putting these values in equation (i), we get M1L?T~2 = M¢[2a+cTb=¢

by comparison

c=1
2a+c=2
b—c=-2
c=1,a=1/2,b=-1
E = AY*T71pt
0. Which of the following combinations has the dimension of electrical resistance (€ is the

permittivity of vacuum and p is the permeability of vacuum)? [12 April 2019 1]

Ko Ko ) &

(@ = (b) &2 © |2 (d)
Ho _ | M _

sol. (a) o0~ N ops — Hoc

poc » MLT 2A"2 x LT!  =ML2T3A?

Dimensions of resistance

10. In the formula X = 5YZ?, X and Z have dimensions of capacitance and magnetic field,
respectively. What are the dimensions of Y in ST units? [10 Apri12019 1]
(a) [M3L2T8A%] (b) [M1L2T*A?] (c) [M2LOT=AZ] (d) [M2L2T®A3]

sol.  (a) X =5YZ?
X .
>Y 72 --(1)
~ e @@ [T
X = Capacitance = VvV w  [MI2T-?]
X = [ML2T*A?]
IL

7 = [MT2A!]
[M~1L2T*A?]

Y =
[MT-24-1]2




11.

sol.

12.

sol.

13.

Y = [M3L*T®A*] (Using (i)

In ST units, the dimensions of \/f 1s: [8 April 2019 1]
0
(a) A~ITIMIL3 (b) AT2M L1 (c) AT 3ML3/? (d) A°T3M~1L2

(d) [\/%] = \/E = [\/%] = goC[LI'] X [&]

[ J% _ Cl

2

__ 4
41rEyT?
[AT]Z 2p—-17-374
= [0] = Gy ez = WM LT
&
#—0 = [LT™'] x [A>M~'L73T*]
0

— [M—IL—2T3A2]

Let [, r, c and v represent inductance, resistance, capacitance and voltage, respectively.

The dimension of % in SI units will be: [12 Jan. 2019 II]

(a) [LA7?] (b) [A7'] (c) [LTA] (d) [LT?]
(b) As we know,

[ ] T] and [cv] = [AT]

el = [l =

2
The force of interaction between two atoms is given by = aff exp (— :W) ; where x is

the distance, k is the Boltzmann constant and T is temperature and « and £ are two



sol.

14.

sol.

15.

constants. The dimensions of f is: [11 Jan. 2019 1]
(a) MOL2T~* (b) M2LT~* (c) MLT 2 (d) M2L2T~2

(b) Force of interaction between two atoms,

r = ape (=5
= afle| —=
akT
Since exponential terms are dimensionless
2

| = MOLOTO
akT

L2
> a2 - MUT
= [a] = M™1T?
[I'] = [al[B]
MLT~2 = M~T2[g]

= [B] = M2LT*

If speed (V), acceleration (A) and force (F) are considered as fundamental units, the
dimension of Young’s modulus will be: [11 Jan. 2019 II]
(a) VT2A2F~2 (b) V72A%F? (c) VT*AT2ZF (d) VT*A%F

(d) Let [Y] = [V]*[T]°[A]°

[ML™'T~2] = [LT !]2[MLT2]P[LT?]¢

[ML-1T-2] = [MbLa+b+cT—a—2b—2c]

Comparing power both side of similar terms we get,
b=1,a+b+c=-1,—-a—2b—2c=-2

solving above equations we get:

a=—-4b=1c=2

so [Y] = [VT4TA?] = [V™*A?T]

5
A quantity f is given by f = /h% where c is speed of light, G universal gravitational



constant and h is the Planck’s constant. Dimension of f is that of: [9 Jan. 2019 I]

(a) area (b) energy (c) momentum (d) volume
sol.  (b) Dimension of [h] = [ML?T?]
[C] = [LT"]

[G] = [M'L*T?]

Hence dimension of

hC5| [ML?>T~1]-[L°T°]

G|  [MI3T-?]

= [ML2T?] = energy

16. Expression for time in terms of G (universal gravitational constant), h (Planck’s constant)

and c (speed of light) is proportional to: [9 Jan. 2019 II]

Ol o) o © [ ONE

sol.  (c) Lett < G*h¥C*
Dimensions ofG = [M™1L3T 2],
h =[ML2T ] and C = [LT™?]
[T] = [M~L3T-2]¥X[ML2T 1Y [LT~1]?
[MOLOT1] = [M—X+Y]3x+2y+2-2x-y-2]
By comparing the powers ofM, L, T both the sides
—-X+y=0=>x=y
3x+2y+z=0=5x+z=0()
—2x—y—z=1= 3x+z = —1 (i1) Solving eqns. (1) and (ii),

gl S [m
X=y=22=73 cs
17. The dimensions of stopping potential V, in photoelectric effect in units of Planck’s

constant 'h’, speed oflight‘c’ and Gravitational constant ¢ G and ampere A is:

[8 Jan. 2019 1]



sol.

18.

sol.

19.

(2) hU3G2/3¢U3 A1 (b) R2/3cS/3GY/3A (c) h2/3CY/3G43 A1 (d) h2G3/2CY/3 A1
(None)
Stopping potential (V) o< hRXIYG%C"
Here, h = Planck’s constant = [ML?>T 1]
I = current = [A]
G = Gravitational constant = [M1L3T?]
and ¢ = speed oflight = [LT]

V, = potential = [ML*T3A]
[MI2T3AY] = [ML2T*[A]Y [M I3T2]%[LT ]r

Mx~2, [2X+324T, [cX=22-T, gy
Comparing dimension ofM, L, T, A, we get
y=-1,x=0,z=-1,r=5
Vy  hOI"1G1C5

2

The dimensions of % , where B is magnetic field and p, is the magnetic permeability of
0

vacuum, is:  [8 Jan. 2019 II]
(a) MLT 2 (b) ML2T1 (c) ML?T? (d) ML™1T—2

2
(d) The quantity % is the energy density ofmagnetic field.
0

N [BZ __ Energy _ TIorcexdisplacement
2Ug " Volume (displacement)3
MIL2T~2 s

= |————|=ML""T

L3

The characteristic distance at which quantum gravitational effects are significant, the
Planck length, can be determined from a suitable combination of the fundamental
physical constants G, h and c. Which of the following correctly gives the Planck length?
[Online April 15, 2018]

1

() G*hc (b) (2—3)5 (c) GzhZe (d) Gh2c3



sol.

20.

sol.

21.

sol.

22.

(b) Plank length is a unit of length, [, = 1.616229 X 107**m

hG
lp= C_3

Time (T), velocity (C) and angular momentum (h) are chosen as fundamental quantities
instead of mass, length and time. In terms of these, the dimensions of mass would be:
[Online April 8, 2017]
(a) [M] = [T~'C™*h] (b) [M] = [T~*C?h]
(c) [M] = [T~*C?h7!] (d) [M] = [TC™?h]
(a) Let mass, related as M o« T*CYh*

MILOTO = (T")X(LI'TD)Y (MILATL)?

M1LOTO = MZLY+2% 4+ TXVZ

z=1
y+2z=0x—-y—z=0
y=-2x+2-1=0
x=-1

M = [T'C2h!]

A, B, C and D are four different physical quantities having different dimensions. None of
them is dimensionless. But we know that the equation AD = CIn (BD) holds true. Then
which of the combination is not a meaningful quantity? [Online April10, 2016]

(a) = — 22 (b) A2 — B2C? ©2-¢ )

(A-C)
D

(d) Dimension ofA # dimension of(C)

Hence A-C is not possible.

In the following I refers to current and other synbols have their usual meaning, Choose

the option that corresponds to the dimensions of electrical conductivity:



sol.

23.

sol.

[Online April 9, 2016]

(a) MTIL73T3] (b) M~1L73T3]2 (c) MT1L3T3] (d) ML™3T 312
(b) We know that resistivity
_RA
P=7
Conductivity = — = £
resistivity RA
?1
=—(.-V=RI
va )
[L][1] w_w
i @

=M~ 11:3T3][ ] = [M~1L-3T312]

If electronic charge e, electron mass m, speed of light in vacuum c and Planck’s constant

h are taken as fundamental quantities, the permeability of vacuum p, can be expressed in

units of: [Online April 11, 2015]

@ () ® (5s) © () @ (55)
(c) Let pg related with e, m, ¢ and h as follows.
= ke*mPch?
[MLI'?A~?] = [AT| [M]b[Ll"l] [ML2 14
= [Mb+d[c+2di-c=dga]
On comparing both sides we get
a=-2()
b+d=1(i)
¢+ 2d =1 (iii)
a—c—d=-2(v)
By equation (i), (ii), (ii1) & (iv) we get,
a=-2,b=0c=-1,d=1

.Uo]_[

ce?



24.

sol.

25.

sol.

If the capacitance of a nanocapacitor is measured in terms of a unit ‘z’ made by
combining the electric charge ‘e’, Bohr radius ‘a0’, Planck’s constant‘h” and speed of

light® ¢’ then: [Online April10, 2015]

@Qu=2 (du="22

Zh h 2¢c
(au== (b)u=— .
ao a0

eZa,
(d) Let unit ‘u’ related with e, a,, h and c as follows.
[u] = [e]*[ao]”[R]°[C]*
Using dimensional method,
[M—lL—ZTI—4-A+2] — [AlTl]a[L]b [MLZI"l]C[Lrl]d
[M—lL—ZTI—4-A+2] — [MCLb+2C+d1"T—C—dAa]
a=2,b=1,c=-1,d=-1

From the following combinations of physical constants (expressed through their usual
symbols) the only combination, that would have the same value in different systems of

units, is: [Online April12, 2014]

ch e?
(@) 2me2 (b) m(me = mass of electron)
HoEoG 2m[ugeoh
(©) Zpez (d) =5

(b) The dimensional formulae of

e = [MOLOT1A?]
g = [MT1L3T*A2?]
G=[M1L3T 2] and m, = [ML°T?]

e?

Now.
> 2menGm2

[MOLOTlAl]Z
2m[M-1L-3T4A2][M~-1L3T-2][M1LOTO]?
[T2A%]
27T[M_1_1+2L_3+3T4_2A2]
I -
- 2m[MCLOT2A2]  2m




26.

sol.

27.

sol.

28.

1 . . .
7 18 dimensionless.

e2

Thus the combination would have the same value in different systems of units.

2
2menGmyg

In terms of resistance R and time T, the dimensions ofratio % of the permeability u and
permittivity & is: [Online April 11, 2014]

(a) [RT~?] (b)[R*T] (c) [R?] (d) [R*T?]

(c) Dimensions of u = [MLT™2A™?]

Dimensions ofe = [M™1L3T*A?]

Dimensions ofR = [ML2T3A™2]

Dimensionsofy  [MLT ?A7?]
Dimensionsof €  [M~1L-3T4Az2]
— [M2L4F_6A_4] — [RZ]

Let [€,] denote the dimensional formula ofthe permittivity of vacuum. If M =mass,

L =length, T = time and A = electric current, then: [2013]

(a) Eg= [MIL3T2A] (b) €Eg= [M™IL73T*A2]
(c) €Eo= [MIL2T1A?] (d) €p= [M1L2TA]
_ 19192
(b) As we know, I' = prr
e = q192
O™ AnrR2
cz  [AT]?

Hence, & = N.m2 _ [MLT-2][L2]

— [M—IL—3T4A2]
If the time period t ofthe oscillation of a drop ofliquid of density d, radius r, vibrating

under surface tension s is given by the formula t = Vr2Ps¢d®/2 1t is observed that the

time period is directly proportional to \/%. The value of b should therefore be:

[Online April 23, 2013]



sol.

29.

sol.

30.

sol.

31.

sol.

32.

sol.

33.

3 3 2
OF b)V3 ©3 @2

(c)

The dimensions of angular momentum, latent heat and capacitance are, respectively.

[Online April 22, 2013]
(a) ML?T!A? | L2T2 ,M~L72T2  (b) ML2T™2, L2T?, M~ 1L72T*A?

(c) ML2T~1, 12T 2, ML2TAZ (d) MIZT™1, 12T2 , M~ 1L-2T*A2

2m—2
(d) Angular momentum = m X v X r = ML?T~! Latent heat L = % = % = 12T 2
Capacitance C = %{rjge = M™1L72T4A?

Given that K =energy, V =velocity, T =time. Ifthey are chosen as the fundamental units,

then what is dimensional formula for surface tension? [Online May 7, 2012]

(a) [KV“ZT—Z] (b) [KZVZ['—Z] (c) [KZV_ZF_Z] ) [KVZTZ]
: F_F ¢ T2

(a) Surface tension, T = 2=7%3

(As, F. ¥ = K(energy); :—j =V"2)

Therefore, surface tension = [Kr2I' 2]

The dimensions of magnetic field in M, L, T and C (coulomb) is given as [2008]

(a) [MLT-1C™1] (b) [MT2 C™?] (c) [MT1C™1] (d) [MT~2C™1]
(c) Magnitude of Lorentz formula F = quB sin 6
gt o MLTZ _ [MT-1¢1]
qu CXLT1!

Which of the following units denotes the dimension ML2Q? , where Q denotes the electric

charge? [2006]

(a) Wb/m? (b) Henry (H) (c) H/m? (d) Weber (Wb)
(b) Mutual inductance = % = ? [Henry] = % = MIL2Q~?

Out of the following pair, which one does NOT have identical dimensions? [2005]



(a) Impulse and momentum
(b) Angular momentum and planck’s constant
(c) Work and torque
(d) Moment of inertia and moment of a force
sol.  (d) Moment of Inertia, | = MR?
[1] = [ML?]
Moment of force, I' = # X F

> 't = [L][MLT 2] = [ML?T 2]

34, Which one of the following represents the correct dimensions of the coefficient of
viscosity? [2004]
(a) [ML™*T™] (b) [MLT™] (c) [ML™*T?] (d) [ML™2T7?]
sol.  (a) According to, Stokes law,

F
6mrv

F=6mmrv=n=

[MLT2] e

35. Dimensions of u% , where symbols have their usual meaning, are [2003]
0€o

(a) [L7'T] (b) [L72T?] (c) [L*T7?] (d) [LT™]

sol.  (c) As we know, the velocity of light in free space is given by
1 1

C = =
VHoEo Hy8

e? = 72T?

= C?[m/s]?
Hoép

= [LI'1]?
= [M°12I?]
36. The physical quantities not having same dimensions are [2003]
(a) torque and work (b) momentum and planck’s constant
1/2

(c) stress and young’s modulus (d) speed and (pgey)~
sol.  (b) Momentum, = mv = [MLI'!]



37.

sol.

Planck’s constant,

h=—="—"-=[MLT"]

E [ML2T 2]
v [T-1]
Identify the pair whose dimensions are equal [2002]
(a) torque and work (b) stress and energy
(c) force and stress (d) force and work
(a) Work W = F - § = Fs cos 6
A-B=ABcos@
= [MLT~?][L] = [ML*T~?];
Torque, ' = # X F =/7 = rF sin 6
AxB=ABsin@
= [L][MLT~?] = [ML*T~?]

TOPIC-3.....Errors in Measurements

38.

sol.

39.

A screw gauge has 50 divisions on its circular scale. The circular scale is 4 units ahead of
the pitch scale marking, prior to use. Upon one complete rotation of the circular scale, a
displacement of 0.5 mm is noticed on the pitch scale. The nature of zero error involved,
and the least count of the screw gauge, are respectively:

[Sep. 06, 2020 (I)]

(a) Negative, 2 um  (b) Positive, 10 um  (c) Positive, 0.1 mm (d) Positive, 0.1 um
(b) Given: No. of division on circular scale of screw gauge = 50 Pitch = 0.5 mm

Least count of screw gauge

Pitch
No. ofdivisiononcircularscale

=§mm= 1x 10°m = 10um

And nature of zero error is positive.

The density of a solid metal sphere is determined by measuring its mass and its diameter.



sol.

40.

sol.

41.

sol.

The maximum error in the density of the sphere is (%) %. Ifthe relative errors in

measuring the mass and the diameter are 6.0% and 1.5% respectively, the value of x is .

[NA Sep. 06, 2020 (I)]

(1050)
Density, p = % = inEwa =>p= SMD_S

3 2

4p) _ 4m 4D\ _ —
%(F)_ = +3(2) =6+3x15=105%
Ap 1050 X
%( )_ 100 %_(E)%
x = 1050.00

A student measuring the diameter of a pencil of circular cross-section with the help of a
Vernier scale records the following four readings 5.50 mm, 5.55 mm, 5.45 mm, 5.65
mm, The average ofthese four reading is 5.5375 mm and the standard deviation ofthe
data is 0.07395 mm. The average diameter of the pencil should therefore be recorded as:
[Sep. 06, 2020 (1D)]

(a) (5.5375 £+ 0.0739) mm (b) (5.5375 + 0.0740) mm

(c¢) (5.538 + 0.074) mm (d) (5.54 £ 0.07) mm

(d) Average diameter, d,, = 5.5375 mm

Deviation of data, Ad = 0.07395 mm

As the measured data are up to two digits after decimal, therefore answer should be in

two digits after decimal. d = (5.54 + 0.07) mm

a’b 2

A physical quantity z depends on four observables a, b, c and d, as z =

percentages of error in the measurement ofa, b, ¢ and d are 2%, 1.5%, 4% and 2.5%
respectively. The percentage oferror in z is:

[Sep. 05, 2020 (I)]

(a) 12.25% (b) 16.5% (c) 13.5% (d) 14.5%

a2p?/3

Veas3

Percentage error in Z,

(d) Given: Z =



42.

sol.

43.

sol.

44,

_AZ_ZAa+2Ab+1Ac+3Ad
" Z a 3b 2c d
=2x2+§><1.5+§x4+3x2.5=14.5%.

Using screw gauge of pitch 0.1 cm and 50 divisions on its circular scale, the thickness of
an object is measured. It should correctly be recorded as : [Sep. 03, 2020 (I)]

(a) 2.12lcm (b) 2.124cm (c) 2.125cm (d) 2.123cm

(a) Thickness = M. S.Reading + Circular Scale Reading (L.C.)

Pitch o 0.1 .
Here LC = ——————division = — = 0.002 cm per division
Circularscale 50

So, correct measurement is measurement of integral multiple of L.C.

The least count of the main scale of a Vernier calipers is 1 mm. Its vernier scale is divided
into 10 divisions and coincide with 9 divisions of the main scale. When jaws are touching
each other, the 7™ division of vernier scale coincides with a division of main scale and
the zero of vernier scale is lying right side ofthe zero ofmain scale. When this vernier is
used to measure length ofa cylinder the zero of the Vernier scale between 3.1 cm and 3.2
cm and 4" VSD coincides with a main scale division. The length ofthe cylinder is: (VSD
is vernier scale division)

[Sep. 02, 2020 (I)]

(a) 3.2 cm (b) 3.21 cm (c) 3.07 cm (d) 2.99 cm

(c) L.C. of Vernier calipers = 1 MSD-1 VSD

= (1-=) x1=0.1mm = 0.01 cm

Here 7™ division ofvernier scale coincides with a division of main scale and the zero of
Vernier scale is lying right side of the zero of main scale.

Zero error = 7 X 0.1 = 0.7mm = 0.07 cm.

Length of the cylinder = measured value- zero error

= (3.1+ 4 x0.01) — 0.07 = 3.07 cm.

If the screw on a screw-gauge is given six rotations, it moves by 3 mm on the main scale.

If there are 50 divisions on the circular scale the least count of the screw gauge is:



[9 Jan. 2020 I]
(a) 0.00lcm (b) 0.02mm (¢) 0.01 cm (d) 0.001 mm
sol.  (d) When screw on a screw-gauge is given six rotations, it moves by 3mm on the main

scale

Pitch = % = 0.5 mm

Pitch _ 0.5mm

Least count L.C. = =
cSD 50
= mmm = 0.01mm = 0.00lcm
45. For the four sets of three measured physical quantities as given below. Which of the

following options is correct?

[9 Jan. 2020 II]

(A) A; = 24.36,B; =0.0724, C; = 256.2

(B) A, = 24.44,B, = 16.082, C, = 240.2

(C) Az = 25.2, B3 = 19.2812, C; = 236.183

(D) A, = 25,B, =236.191,C, =195

(a)A4 +B,+C, <A +B; +C; <A3+B3+C3 <A, +B, +C,

(b)A; +B;+C, =A,+B,+C, =A; +B3;+C3 =A, +B, + (4

(c)A4, +B,+C, <A +B;+C; =A, +B,+C, =A; + B3+ C;

(A +B; +C, <A3+B3+C3 <A, +B,+C, <A, +B,+C4

sol.  (None)
Dy = Ay + By + C; = 24.36 + 0.0724 + 256.2 = 280.6D, = A, + B, + C,
= 24.44 + 16.082 + 240.2 = 280.7D; = A3 + B3 + C3
= 25.2 +19.2812 + 236.183 = 280.7
Dy=A,+B,+C, =25+ 236.191 + 19.5 = 281

None of the option matches.

46. A simple pendulum is being used to determine the value ofgravitational acceleration g at
a certain place. The length of the pendulum is 25.0 cm and a stop watch with 1 s

resolution measures the time taken for 40 oscillations to be 50 s. The accuracy in g is:



[8 Jan. 2020 I1]
(a) 5.40% (b) 3.40% (c) 4.40% (d) 2.40%
sol.  (c) Given, Length of simple pendulum, [ = 25.0 cm

f
T =2m |—
g

Time of 40 oscillations, T = 50s

Time period of pendulum

,  Am* 42t
>T = =g =
g 97T
. . Ag Al | 24T
=Fractional error in g = ?g =T+t

:Ag—(0'1>+2(1>—0044
g \25.0 50/

Percentage error in g = A?g X 100 = 4.4%

47. In the density measurement of a cube, the mass and edge length are measured as
(10.00 £+ 0.10) kg and (0.10 £ 0.01)m, respectively. The error in the measurement of
density is: [9 April 2019 I]

(a) 0.01kg/m3 (b) 0.10kg /m3 (c) 0.013kg/m3 (d) 0.07kg/m3

M_ M _
sol.  (Bonus) 6 = =5 =MI 3

A5 AM Al 0.10 (0.01

6~ M °T = 1000 °\010

) = 0.31kym3
48. The area of a square is 5.29 cm?. The area of 7 such squares taking into account the
significant figures is: [9 April 2019 1]
(a) 37cm? (b) 37.030cm? (c) 37.03cm? (d) 37.0cm?
sol. (d)A =7x5.29 =37.03cm?
The result should have three significant figures, so

A = 37.0cm?

49. In a simple pendulum experiment for determination of acceleration due to gravity (g) ,



sol.

50.

sol.

51.

sol.

time taken for 20 oscillations is measured by using a watch of 1 second least count. The
mean value of time taken comes out to be 30 s. The length of pendulum is measured by
using a meter scale ofleast count 1 mm and the value obtained is 55.0 cm. The percentage

error in the determination of g is close to: [8 April 2019 II]

(a) 0.7% (b) 0.2% (c) 3.5% (d) 6.8%
(d) We have
_ 2 — a2t
T—Zn\/;org—éln =
Ag AR AT
—~ %100 =—x 1004+ 2—x 100
g Q T
—0'1><100+2<1>><100
"~ 55 30

= 0.18 + 6.67 = 6.8%

The least count of the main scale of a screw gauge is 1 mm. The minimum number of
divisions on its circular scale required to measure 5 um diameter ofa wire 1is:

[12 Jan. 2019 1]

(a) 50 (b) 200 (c) 100 (d) 500

(b) Least count of main scale of screw gauge = Imm

Least count of screw gauge

Pitch
" Numberofdivisiononcircularscale
1073

5x107° =

= N =200

The diameter and height of a cylinder are measured by a meter scale to be 12.6 + 0.1 cm
and 34.2 £+ 0.1 cm, respectively. What will be the value of its volume in appropriate
significant figures? [10 Jan. 2019 II]

(a) 4264 + 81cm3 (b) 4264.4 + 81.0cm?3

(c) 4260 + 80cm3 (d) 4300 + 80cm3

(©)



52.

sol.

53.

sol.

54.

sol.

The pitch and the number of divisions, on the circular scale for a given screw gauge are
0.5 mm and 100 respectively. When the screw gauge is fully tightened without any
object, the zero of its circular scale lies 3 division below the mean line. The readings of
the main scale and the circular scale, for a thin sheet, are 5.5 mm and 48 respectively, the
thickness of the sheet is: [9 Jan. 2019 II]

(a) 5.755mm (b) 5.950mm (c) 5.725mm (d) 5.740mm

(c) Least count of screw gauge,
Pitch
LC= No. ofdivision
=0.5%x 1073 = 0.5 X 107?mm + ve error = 3 X 0.5 X 1072 mm

=1.5%x 1072mm = 0.015mm
Reading = MSR + CSR —(+ve error)
= 5.5mm + (48 x 0.5 X 1072) — 0.015
=55+ 0.24 - 0.015 = 5.725 mm

The density of a material in the shape of a cube is determined by measuring three sides of
the cube and its mass. If the relative errors in measuring the mass and length are
respectively 1.5% and 1%, the maximum error in determining the density is: [2018]

(a) 2.5% (b) 3.5% (c) 4.5% (d) 6%

(c) =1.5%+3 (1%) = 4.5%

The percentage errors in quantities P, Q, Rand S are 0.5%, 1%, 3% and 1.5% respectively

in the measurement of a physical quantity A = 11/3%2. The maximum percentage error in
the value ofA will be

[Online Aprill6, 2018]

(a) 8.5% (b) 6.0% (c) 7.5% (d) 6.5%

(d) Maximum percentage error in A

= 3(% error in P)+2(% error in Q)

+ %(% error in R)+1(% error in S)



55.

sol.

56.

sol.

57.

sol.

1
=3><0.5+2><1+§><3+1><1.5

=15+2+ 15+ 1.5=6.5%

The relative uncertainty in the period of a satellite orbiting around the earth is 1072, If
the relative uncertainty in the radius ofthe orbit is negligible, the relative uncertainty in
the mass of  the earth is [Online April16, 2018]

(a)3x 1o -2 (b) 1072 (c)2x 1072 (d)6x 1072

(c) From Kepler’s law, time period of a satellite,

T=2m |22 =43
Gm GM
Relative uncertainty in the mass of the earth

M AT . o . A
| ~ | =2 - = 2 x 1072 (41 & G constant and relative uncertainty in radius Tr

negligible)

The relative error in the determination of the surface area of a sphere is a. Then the

relative error in the determination Of its volume is [Online April 15, 2018]
2 2 3
(a) 3 (b) 3 (c) S (d)a

. . As Ar
(c) Relative error in Surface area, S = 2 X —=a and

. . Av Ar
relative error in volume, - = 3 X —

Relative error in volume w.r. t. relative error in area,

AV_3
\Y _Za

In a screw gauge, 5 complete rotations of the screw cause it to move a linear distance

of 0.25 cm. There are 100 circular scale divisions. The thickness ofa wire measured by
this screw gauge gives a reading of4 main scale divisions and 30 circular scale divisions.
Assuming negligible zero error, the thickness of the wire is: [Online Aprill5, 2018]

(a) 0.0430 cm (b) 0.3150 cm (c) 0.4300 cm (d) 0.2150 cm

Valueofipartonmainscale

(d) Least count =

Numberofpartsonvernierscale



58.

sol.

59.

sol.

60.

_ 025
" 5x100

Reading = 4 X 0.05cm + 30 X 5 X 10™* cm
= (0.2 + 0.0150)cm = 0.2150 cm(Thickness of wire)

cm=5x%x10"%*cm

The following observations were taken for determining surface tension T of water by

capillary method: Diameter of capillary, D = 1.25 X 1T2m , rise of water, h = 1.45 X

102m. Using g = 9.80m/s? and the simplified relation, T = % X 103N/m, the possible

error in surface tension is closest to : [2017]
(a) 2. 4% (b) 10% (c) 0.15% (d) 1.5%
(d) Surface tension, T = % x 103

Relative error in surface tension,

AT—T = Ar—r + % + 0 (g 2 & 103 are constant) Percentage error

AT .
100 x —— = ( )'*°()

= (0.8 + 0.689)
=(1.489)= 1.489%= 1.5%

A physical quantity P is described by the relation P = a'/?2b?c3d~*. If the relative errors
in the measurement of a, b, ¢ and d respectively, are 2%, 1%, 3% and 5%, then the
relative error in P will be: [Online April 9, 2017]

(a) 8% (b) 12% (c) 32% (d) 25%

(c) Given, P = a'/?b%c2d",

Maximum relative error,

AP_lAa+2Ab+3Ac+4Ad
P 2a b c d

1
=Ex2+2x1+3x3+4><5=32%

A screw gauge with a pitch 0of0.5 mm and a circular scale with 50 divisions is used to
measure the thickness of a thin sheet ofAluminium. Before starting the measurement, it is

found that wen the two jaws of the screw gauge are brought in contact, the 45 division



sol.

61.

sol.

62.

sol.

63.

coincides with the main scale line and the zero of the main scale is barely visible. What is
the thickness of the sheet if the main scale reading is 0.5 mm and the 25th division
coincides with the main scale line? [2016]

(a) 0.70 mm (b) 0.50 mm (c) 0.75mm (d) 0.80mm

(d)L.C. =3 =0.01mm

Zeroerror = 5 X 0.01 = 0.05 mm

(Negative) Reading = (0.5 + 25 x 0.01) + 0.05 = 0.80 mm

A student measures the time period of100 oscillations of a simple pendulum four times.
The data set is90 s, 91s, 95s, and 92 s. Ifthe minimum division in the measuring clock is
1 s, then the reported mean time should be: [2016]

(a) 92 £ 1.8s (b)92 £ 3s (c) 92 £ 1.5s (d)92 £5.0s

|AT1|+|AT2|+|AT3|+|AT4|
4

(c) AT =

2414340
= . =

As the resolution of measuring clock is 1.5 therefore the mean time should be 92 + 1.5

1.5

The period of oscillation of a simple pendulum is T = 2x \E. Measured value ofL is 20.0

cm known to 1 mm accuracy and time for 100 oscillations ofthe pendulum is found to be

90 s using a wrist watch ofls resolution. The accuracy in the determination of g is:

[2015]
(a) 1% (b) 5% (©) 2% (d) 3%
(d) As, g = 4m? —

S0,29 % 100 = 2£ x 100 + 2L x 100
g L T

0.1 1
=—X X — X =2.72 =39
20 100 + 2 90 100 = 2.72 = 3%

Diameter of a steel ball is measured using a Vernier calipers which has divisions of 0.1
cm on its main scale (MS) and 10 divisions ofits vernier scale (VS) match 9 divisions on
the main scale. Three such measurements for a ball are given as: [Online April10, 2015]

S.No. MS(cm) VS divisions



sol.

64.

sol.

65.

1. 0.5 8
2. 0.5 4
3. 0.5 6

If the zero error is-0.03 cm, then mean corrected diameter is:

(a) 0.52 cm (b) 0.59 cm (c) 0.56 cm (d) 0.53 cm

(b) Least count = % = 0.01 cm

d; =05+8x0.01+0.03=0.61cm
d, =05+4x%x0.01+0.03=0.57 cm
d; =05+6x0.01+0.03=0.59cm

0.61+0.57+0.59
3

Mean diameter =

= 0.59 cm

The current voltage relation of a diode is given by I = (e1°°°V/T — 1)mA, where the
applied voltage V is in volts and the temperature T is in degree kelvin. Ifa student makes
an error measuring +0.01V while measuring the current of 5 mA at 300 K, what will be
the error in the value of current in mA? [2014]

(a) 0.2mA (b)0.02mA (c) 0.5mA (d) 0.05mA

(a) The current voltage relation of diode is I = (€1°°°"/T — 1)mA (given)

When, I = 5mA, ¢1000 Vit_g 4

Also, dI = (elOOOV/T)Xg

Error = £0.01 (By exponential function)

1000
= (6mA) X

200 % (0:01) = 0.2mA

A student measured the length ofa rod and wrote it as 3.50 cm. Which instrument did he
use to measure it? [2014]

(a) A meter scale.

(b) A vernier caliper where the 10 divisions in vernier scale matches with 9 division in
main scale and main scale has 10 divisions in 1 cm.

(c) A screw gauge having 100 divisions in the circular scale and pitch as 1 mm.



sol.

66.

sol.

67.

(d) A screwgauge having 50 divisions in the circular scale and pitch as 1 mm.
(b) Measured length of rod = 3.50 cm

For Vernier Scale with 1 Main Scale Division = 1 mm

9 Main Scale Division = 10 Vernier Scale Division,

Least count = 1 MSD-I VSD = 0.1 mm

Match List-I(Event) with List-1I(Order of the time interval for happening of the event)

and select the correct option from the options given below the lists:

[Online Aprill9, 2014]

List-I List- II

(1) Rotation period of earth (i) 105s

(2) Revolution period of earth (ii) 107s
(3) Period of light wave (iii) 10~ s
(4) Period of sound wave (iv) 1073s

(a) (1) -(D), (2) — (iD), (3) -(iii), (4) — (iv)
(b) (1) -(iD), (2) — (), (3) -(iv), (4) -(ii)
(¢) (1) -(0), (2) -(iD), (3) -(iv), (4) -(iii)
(d) (1) -(iD), (2) — (), (3) -(iii), (4) — (iv)
(a) Rotation period of earth is about 24 hrs = 10°s
Revolution period of earth is about 365 days = 107s
Speed of light wave C = 3 x 108m/s
Wavelength of visible light of spectrum
A =4000 - 7800A

C=fA (andT :%)

Therefore period of light wave is 10~15s (approx)

In the experiment of calibration of voltmeter, a standard cell of e. m.f. 1.1 volt is
balanced against 440 cm ofpotential wire. The potential difference across the ends of
resistance is found to balance against 220 cm of the wire. The corresponding reading of

voltmeter is 0.5 volt. The error in the reading of voltmeter will be:



sol.

68.

sol.

[Online Aprill2, 2014]
(a) —0.15 volt (b) 0.15 volt (c) 0.5 volt (d) —0.05 volt
(d) In a voltmeter
Vol
V =kl
Now, it is given E = 1.1 volt for [; = 440 cm
and V = 0.5 volt for [, = 220 cm
Let the error in reading of voltmeter be AV then,

1.1 = 400K and (0.5 — 4V) = 220 K.

11 _ 0.5-4V
440 220

AV = —0.05 volt

An experiment is performed to obtain the value of acceleration due to gravity g by using
a simple pendulum of length L. In this experiment time for 100 oscillations is measured
byusing a watch of 1 second least count and the value is 90.0 seconds. The length L is
measured byusing a meter scale ofleast count 1 mm and the value is 20.0 cm. The error
in the determination ofg would be:

[Online April 9, 2014]

(a) 1.7% (b) 2.7% (c) 4.4% (d) 2.27%

(b) According to the question.

t=(90+1) o=

90
Al 0.1

l = (ZOiO].) OI",T—%

49 o;—9

5 ?

As we know,

l 41?]
t=2m Eﬁg: +2

or,“?‘g=i(“71+z%):(%+2x%) = 0.027

ﬂ% =2.1%
g



69.

sol.

70.

sol.

71.

Resistance of a given wire is obtained by measuring the current flowing in it and the
voltage difference applied across it. If the percentage errors in the measurement of the
current and the voltage difference are 3% each, then error in the value of resistance of

the wire is [2012]

(a) 6% (b) zero (c) 1% (d) 3%
(a) According to ohm’s law, V = IR
.
1
Percentage error = % x 102

where, % x 100 = % x 100 = 3%
then, 22 x 100 = 2 x 102 + 2 x 102
R 174 1

=3%+3% = 6%

A spectrometer gives the following reading when used to measure the angle of a prism.
Main scale reading: 58.5 degree

Vernier scale reading: 09 divisions

Given that 1 division on main scale corresponds to 0.5 degree. Total divisions on the
Vernier scale is 30 and match with 29 divisions of the main scale. The angle of the prism
from the above data is [2012]

(a) 58.59 degree (b) 58.77 degree (c) 58.65 degree (d) 59 degree

(c) Reading of Vernier = Main scale reading+ Vernier scale reading X least count.

Main scale reading = 58.5

Vernier scale reading = 09 division

least count of Vernier = 0.5°/30
Thus, R = 58.5° + 9 x %>

R = 58.65°

N divisions on the main scale of a Vernier calipers coincide with (N + 1) divisions of the

Vernier scale. Ifeach division of main scale is ‘a’ units, then the least count of the



sol.

72.

sol.

73.

sol.

instrument is [Online May 19, 2012]

(a) a (b) = (©)~—=Xxa (d) 7=
(d) No. of divisions on main scale = N

No. of divisions on Vernier scale = N + 1

size of main scale division = a

Let size of Vernier scale division be b

then we have

aN
aN =b(N+1) =b=r——
Least count is a—b = a—;—i
N+1—-N a
=a[ N+1 | N+1

A student measured the diameter of a wire using a screw gauge with the least count 0.001
cm and listed the measurements. The measured value should be recorded as

[Online May 12, 2012]

(a) 5.3200 cm (b) 5.3 cm (c) 5.32 cm (d) 5.320cm

(d) The least count(L.C.) of a screw guage is the smallest length which can be measured

accurately with it.

As least count is 0.001 cm = L cm
1000

Hence measured value should be recorded upto 3 decimal places i.e., 5.320 cm

A screw gauge gives the following reading when used to measure the diameter of a wire.
Main scale reading: 0 mm

Circular scale reading : 52 divisions

Given that | mm on main scale corresponds to 100 divisions of the circular scale. The
diameter of wire from the above data is [2011]

(a) 0.052 cm (b) 0.026 cm (c) 0.005 cm (d) 0.52cm

(a) Least count, L.C. = — mm = — MSD
100 30

Diameter ofwire = MSR + CSR X L. C. = 3—10 X 0.5° = 1 minute.



74.

sol.

75.

75.

76.

sol.

1mm = 0.1 cm

=0+x52 =0.52mm = 0.052 cm1

The respective number of significant figures for the numbers 23.023, 0.0003 and
2.1 X 1073 are [2010]

(a)5,1,2 b)s5, 1,5 (¢)5,5,2 (d)4,4,2

(a) Number of significant figures in 23.023 = 5

Number of significant figures in 0.0003 = 1

Number of significant figures in 2.1 X 1073 = 2

In an experiment the angles are required to be measured using an instrument, 29 divisions
of the main scale exactly coincide with the 30 divisions of the Vernier scale. If the
smallest division of the main scale is half- a degree (= 0.5°) , then the least count of the
instrument is: [2009]

(a) half minute (b) one degree (c) half degree (d) one minute

(d) 30 Divisions of V.S. coincide with 29 divisions of M.S.

1VS.D =2 MSD
30
L.C. =1 MSD-IVSD
=1 MSD — 2 MSD
30
Reading = [M.S.R. +C.S.R. X L. C.] —(zero error)

=[3 + 35 x 0.01] — (—=0.03) = 3.38 mm

= 1 MSD
30

- ixO.SO =1minute
30

A body of mass m = 3.513 kg is moving along the x-axis with a speed of 5.00ms™1. The
magnitude ofits momentum is recorded as [2008]
(a) 17.6kgms™1! (b) 17.565 kg ms™! (c) 17.56kgms™? (d) 17.57kgms !

(a) Momentum, p = m X v



7.

sol.

Given, mass of a body = 3.513kg
speed of body = (3.513) X (5.00) = 17.565kgm/s
= 17.6 (Rounding offto get three significant figures)

Two full turns of the circular scale of a screw gauge cover a distance of | mm on its main
scale. The total number of divisions on the circular scale is 50. Further, it is found that the
screw gauge has a zero error of-0.03 mm. While measuring the diameter ofa thin wire, a
student notes the main scale reading of3 mm and the number ofcircular scale divisions in

line with the main scale as 35. The diameter of the wire is [2008]

(a) 3.32mm (b) 3.73 mm (c) 3.67mm (d) 3.38mm
(d) Least count of screw gauge = 0.01 mm

05

—mm

50

Reading = [M.S.R. + C.S.R. x L.C.] —(zero error)
=[3+35 x 0.01] — ( — 0.03)=3.38 mm



Chapter 3 - MOTION IN A STRAIGHT LINE

S Motion in a straight line deals with the motion of an object which changes its position with time
along a straight line.
S The study of the motion of objects without considering the cause of motion is called kinematics.

m. Rest and Motion

If the position of a body does not change with time with respect to the surroundings then it is said
to be at rest, if not it is said to be in motion.

|||’ Distance and Displacement

©  Distance is the actual path covered by a moving particle in a given interval of time while
displacement is the change in position vector,i.e., a vector joining initial to final position. If a
particle moves from A to B as shown in Fig. the distance travelled is As while displacement is

1 w u

Arzrf—r.

1

=

S Distance is a scalar while displacement is a vector, both having same dimensions[L] and SI unit

1S metre.
- >~ ~ ( \I X
e > N | X
// \ |
. !
/ \ hﬂT T T T
A=E=—20 >B || s ol |h
| h|w
(a) ! E l
) AB l R
Distance = nr (b) (¢ - I
Displacement = 2r ) ' (d)
Distance = 2h Distance = s distance = h + 2x

Displacement =0 Displacement=s  displacement = h



S The magnitude of displacement is equal to minimum possible distance between two positions; so

Distance > |Displacement|

f

For motion between two points displacement is single valued while distance depends on actual
path and so can have many values.

For a moving particle distance can never decrease with time while displacement can.

Decrease in displacement with time means body is moving towards the initial position.

For a moving particle distance can never be negative or zero while displacement can be negative.
In general, magnitude of displacement is not equal to distance. However, it can be so if the
motion is along a straight line without change in direction.

Magnitude of displacement is less than the distance travelled in case of curvilinear motion.

Ex : If an object turns through an angle @ along a circular path of radius r from point A to point
B then

1) distance 4 =@

reoer

f

. . 0
ii)displacement 2x =2rsin(6/2) [Q sin = ﬂ

BA

EX.1:An athlete completes one round of a circular track of radius R in 40 s. What will be his
displacement at the end of 2 min 20 s? (2010E)

Sol. The time = 2 min 20s = 140s
A@B

In 40 seconds athlete completes = 1 round
In 140 seconds athlete will completes

= m round =3.5 rounds

The displacement in 3 rounds = 0
So net displacement =2R



EX.2 : If the position of a particle along Y axis is represented as a function of time t by the

Sol.

np

o

o

equation y(t)=t’ then find displacement of the particle during the period t to 7+ As
Position at time t is y(t) =

Position at time ¢+ Az 1S y(t + At) =(t+ At)3

-, displacement of the particle from tto ¢+ As is y(¢r+At)—y(t)=(1+ At)3 -t

=7 +3t2At+3t(zAt)2 +(At) —7

=31°At+3t(At)" +(At)

Average Speed and Average Velocity:

Average speed or velocity is a measure of overall 'fastness' of motion during a specified interval of
time.

The average speed of a particle for a given 'interval of time' is defined as the ratio of distance
travelled to the time taken while average velocity is defined as the ratio of displacement to time
taken.

Thus, if a particle in time interval Ay after travelling distance Ay is displaced by A;,

Distance travelled Ar
Average speed =~ . o taken  ° i.e.,V,, =y (1)
) Displacement Cowr A .
Average velocity =~ . o , reV,, = S (11)

Average speed is a scalar while average velocity is a vector both having same units (m/s) and
dimensions [LT"].

For a given time interval average velocity is single valued while average speed can have many
values depending on path followed.

During the motion if the body comes back to its initial position.

Vavg:() (Q Ar:())

but ¥, >0 and finite (Q Ar>0)

For a moving body average speed can never be negative or zero while average velocity can be
negative.

If a graph is plotted between distance (or displacement) and time, the slope of chord during a
given interval of time gives average speed (or ) average velocity

V = % = tan¢ = slope of chord

avg

Instantaneous speed and Instantaneous velocity
Instantaneous velocity is defined as rate of change of position of the particle with time. If the
position ;1/ of a particle at an instant t changes by A in a small time interval A

The magnitude of velocity is called speed,i.e

Velocity is a vector while speed is a scalar , both having same units (m/s) and dimensions (LT'1 ) .

Speed=|velocily| ie, V=



If during motion velocity remains constant throughout a given interval of time, then the motion

. . . . . 1
is said to be uniform and for uniform motion, V=constant=V,

If velocity is constant, speed will also be constant. However , the converse may or may not be
true,i.e, if speed=constant,velocity may or may not be constant as velocity has a direction in
addition to magnitude which may or may not change,e.g, in case of uniform rectilinear motion

1
¥ = constant and V = constant
While in case of uniform circular motion

V=constant but \1/ is not constant » due to Change in direction.

velocity can be positive or negative as it is a vector but speed can never be negative as it is
1

magnitude of velocity, i.e, V' =‘V‘

dr

As by definition V = the slope of displacement-versus time graph gives velocity , i.e,

V :% :taHHZSIOPQ ofr—tcurve
A A

Displacement( 1)

d
As by definition ¥ ==~ ; ie, dr="Vdi

and from fig. Vdr = d4

So, dd=dr 1e, r:I dAzI Vdt

1.e, area under velocity-time graph gives displacement while without sign gives distance.
Average speed is the total distance divided by total time

_ Total distance travelled

avg

Total time taken

If a body travels a distance s, intime ¢, , s, intime ¢, and s, intime ¢, then the average speed

Y 8, s, TS,
1S Vavg t1+t2+t3

If an object travels distances 58,8, etc. with speeds VLV, Y, respectively in the same direction.
Then

S, + S, +8,

s S s
Average speed = 2L 4 22 4 °3

Vi Vv, V3



Note :

EX.3

If an object travels first half of the total journey with a speed v, and next half with a speed v,

s+s 2s 2 2y,

avg

: . s s s | s 1,1

then its average speed is S48 8348 A4 vty
vV, V, V, V, V, V,

If a body travels first 1/3 rd of the distance with a speed v, and second 1/3rd of the distance with
a speed v, and last 1/3rd of the distance with a speed v, then the average speed

S$.5,48
— 3 33
s s

avg

S

37\/1 3v, 3v,

B 3v,v,v,
Vavg -
V,\V, +V,V, + V.V,

If an object travels with speeds V,V,V, etc, during time intervals t, tz, t3 etc.,

Vit +v,t +vit +

then its average speed ~

t+t,
Ift =t =t =....=t, then
1 2 3
Ift =t =t =....=t, then
1 2 3
_vittvittvit+L vV, 4o
we nt n

i.e.The average speed is equal to the arithmetic mean of individual speeds.
The actual path length traversed by a body is called distance.

1
If v=v, >+ v, ?Jr v, & varies with time t then
w T r (Lim
r
dr=vdt | Qv=—

U 6!
Integrating on both sides then If dr= L vdt

1

— displacement of the particle from time ¢, to z, is given by

rwr L2 LA 4 ~
S=I; -1, =J Vxldt+j Vdet+J‘t v, kdt
t 4 1

: A particle starting from point A, travelling upto B with a speed S, then upto point ‘C’ with

a speed 2S and finally upto ‘A’ with a speed 3S, then find its average speed.
e\
B

A



Total distance travelled

Sol.  Average speed = Total time taken

Total distance travelled = AB + BC + CA= 2qr
Total time taken is

AB B A
_+_C+C__7tr 2nr Smr

T=t +t,+t, = R R R — :
1ThTh V.V, V., T35 6s Tiss (arc length = radius x angle)
2mr
V“g_lr 2m+5m—1.88
2S  6S 188

EX.4: For a man who walks 720 m at a uniform speed of 2 m/s, then runs at a uniform speed of 4

m/s for S minute and then again walks at a speed of 1 m/s for 3 minutes. His average speed
is

s )
Sol. Where 5, = 720 m and b =V_1 =360s = 6min.

1
s, = (4)(5)(60) = 1200m, t =300 s s, = (1)(3)(60) = 180 m, t = 180's

_Si+8,+8; 720+1200+180
t+t,+t;  360+300+180

avg

=V, =2.5m/s

EX.5: Aparticleisatx=+5matt=0,x=-7m at t = 6s and x =+2m at t = 10s. Find the average
velocity of the particle during the interval (a) t=0to t=6s; (b) t=6s to t=10s, (c) t=0 to
t=10s.

Sol. X = +5m, t = 0, X, = -Tm; t = 6s, X, =+2m, t= 10s
a) The average velocity between the times t =0 to t = 6s is

=2m/s

r X, —X —7-5

‘V ‘ _ | 2 1| _ | |
t,—t, 6—-0

b) The average velocity between the times t =6stot =10s is

szf"z=2_(_7)=2=2.25m/s
t,—t, 10-6 4




c¢) The average velocity between times t=0tot =10s is
yoxy—-x, 2-5

‘V?" = =
t,—t, 10-0
EX.6: A particle traversed one third of the distance with a velocity v, The remaining part of the
distance was covered with velocity v, for half the time and with a velocity v, for the remaining
half of time. Assuming motion to be rectilinear, find the mean velocity of the particle averaged

over the whole time of motion.
t, t,2 t,/2

Ae—po—— 02" 3o

Sol. Vo C Vi D v,
< S

=0.3m/s

B

\ 4

S (=S
For AC; §=Vot1:> 1—£ -—--(1)

For CB; ? =CD+DB

4S
3 P 2 3(vi+v,)

Since, average velocity is defined as

_ Total Displacement _ §+? S
g Total Time t, +t72+t72 t, +t,
2 2
Ly :3V0(V1+V2)
™4y v+,

|||' Acceleration

S The rate of change of velocity is equal to acceleration.
Average and Instantaneous acceleration

S If the velocity of a particle changes ( either in magnitude or direction or both) with time the
motion is said to be accelerated or non-uniform. In case of non-uniform motion if change in

velocity is AI‘; in time interval Ay, then

1 U u
au“ AV v, -V, .
avg At t2 -tl ....... ( )

Instantaneous acceleration or simply acceleration is defined as rate of change of velocity with time at

a given instant. So if the velocity of a particle ; at time ¢ changes by AI‘; in a small time interval Ay

then

r AV dV

a=lm—=— ... ()
At—0 At dt

Regarding acceleration it is worth noting that:



o -

avg

np

It is a vector with dimensions [LTQ] and SI units [m / Sz] .

If acceleration is zero, velocity will be constant and the motion will be uniform. However, if
acceleration is constant(uniform), motion is  non-uniform and if acceleration is not constant
then both motion and acceleration are non-uniform.

I 1
As by definition ¥ =(ds/ dt)

I I ) I
SO, dt dt dt dt2 ......... (3)
ie., if ; is given as a function of time, second derivative of displacement w.r.t. time gives acceleration.
If velocity is given as a function of position, then by chain rule

=—=—. a
dt dx dt dx
1

uu
As acceleration a = (dV / dt) , the slope of velocity-time graph gives acceleration.

Velocity - Time Graph

1

r AV
=——=1tan
At ¢

avg

= slope of the line joining two points in v-t graph.

The slope of a versus t curve, i.e, de /dt 1s a measure of rate of non-uniformity of

acceleration(usually it is known as JERK).
Acceleration can be positive or negative. Positive acceleration means velocity is increasing with

time while negative acceleration called retardation means velocity is decreasing with time.

Equations of motion :
If a particle starts with an initial velocity u, acceleration a and it gains velocity v in time t then

a==" or dv=ad
dt or dv=adt

or LV dv= aJ.Ot dt or [V]: Za[t];

or v=u+at ....... (IA)



In vector form & = 4 at e (1B)

ds
Now again by definition of velocity, Eqn. (1A) reduces to m =utat
S t
or J.O ds=J.O(u+at)dt or
1
s=ut+ ) at™ L (2A)
ror r
In vector form s = ut +5at ............. (2B)

From eqns. (1A) and (2A), we get

2

=uw+1{M}
a 2 a

Or 2as=2uv-2u’+v:+u’-2uv

i.e., V2 = u2 +2a8 ceeeeee (3)

In scalar form
11 11 11 5 5 11
vv=uu+t2as Of yv" =y~ +2as

Distance travelled = average speed x time

S_(u+v}
=T e 4)

1
Distance travelled in n" second s,=uta (n - 5] ..... (5)

If acceleration and velocity are not collinear, v can be calculated using
2 P 1/2
v= [u +(at)” +2uat cose}

ith tang = atsinf 6
wi T fatcosd (6)

Graphs

Characteristics of s-t and v-t graphs
Slope of displacement time graph gives velocity.
Slope of velocity-time graph gives acceleration.
Area under velocity-time graph gives displacement

Let us plot v-t and s-t graphs of some standard results. To draw the following graphs assume that the
particle has got either a one-dimensional motion with uniform velocity or with constant acceleration.



Y [faparticle starts from rest and moves with uniform acceleration ‘a’ such that it travels distances

s, and s, in the ;" and ,” seconds
a
then S, = 0+5(2n -1) > (1) (u=0)

Sm=0+%(2m-l)_)(2)

Sl’l B Sll'l
subtracting eq (2) from eq (1) @ = (n _ m) .
Y A particle starts from rest and moves along a straight line with uniform acceleration. If ‘s’ is the

distance travelled by it in n seconds and s, is the distance travelled in the ,” second, then

s, _(2n-1) _— .
?“ = P (fraction of distance fallen in n™ second during free fall )

“  Moving with uniform acceleration, a body crosses a point 'x' with a velocity 'u' and another point
‘y’ with a velocity ‘v’. Then it will cross the mid point of ‘x’ and ‘y’ with velocity

" v
ol ; 0
> S
In this case acceleration a =1 -u_Vvi-v
28 28
v:+u’?

-, on solving, v, =



S.No|  Situation v-t graph s-t graph Interpretation
1 |Uniform motion | V-}&raph s-t graph i)Slope of s-t graph =
\4 S _ v = constant.
V= constant S=V i1) In s-t- graph s = 0 at
i t=0
—Tt — t
. R I) u=0, i.e.,v=0 and t=0

2 Umflorrrilyd \Y S ii) u=0, i.e., slope of s-1
accs crate h S=1/2at graph at t=0, should
Elzo()lg:ll dWIt V=at be zero

_ _ ] | t i11) a or slope of v-t
s=0att=0 t graph is constant

3 |Uniformly Va Du=#0,ie.,vor
accelerated Sa slope of s-t graph at
motion with /V=u+at s=ut+1/2 at’ | =0 is not zero
u+0and u i1) v or slope of s-t
s=s att=0 ) ¢ graph gradually

0 N goes on increasing

4 |Uniformly Va Sa I)s=s,att=0

accelerated

=u-+at
motion with u/, ura < /
u=0and ] >t ’ s=sfut+ % at’
s=s,att=0 ——t

5 |Uniformly Vi Sa I)Slope of s-t graph at
retarded motion . =0 gives u.
till velocity be W\ v=u-at if) Slope of s-t graph at
COMeS 7610 /} t=t, becomes zero

Tt t | I ot ii1) In this case u can’t
t be zero.

6 |Uniformly Va I)At time t=t,, v=0 or
retarded then S slope of s-t graph is
accelerated in ZEero.
opposite b i1) In s-t graph slope or
direction 1\ Ly velocity first decreases

O t t then increases with

opposite sign.




If a bullet looses (1/n)" of its velocity while passing through a plank, then the minimum no. of
such planks required to just stop the bullet is .

......

= e

T T
u TN I —
—| | > | - =y = ()
| |

€ X> x> <>

Let m be the no of planks required to stop the bullet

2
(u -%J -u’ =2ax —)(1) 0% -u’ = 2amx _)(2)

Dividing eq (2) with eq (1)

0> -u’ :2amx
( ujz ) 2ax
u-—| -u
n
= u’ B 1 e 1 B n’
- 2 2 - 27 2 2
B o e (=]
n n n
n2
m:
2n—1

1
The velocity of a bullet becomes " of the initial velocity while penetrating a plank. The number

of such planks required to stop the bullet.

T ] "7

e e R T =v=0
<—x—>l<—x—>l<—x—> oo |
2
(%) -u’ =2ax —(1) 0%-u?=2amx —(2)
n2
From eq (1) and eq (2); m:n2—1

1
Abullet loose " of its velocity while penetrating a distance x into the target. The further distance

travelled before coming to rest.

u—

=

Uyl == vy=()

“« X > «—)y—>



1
Let x is the distance covered by the bullet to loose the ;th of initial velocity

v?-u’=2as

2

u 2

u-—| -u” =2ax 1

(u-2] ()

Let y is the further distance covered by the bullet to come to rest
0°-u’ = 2a(x+y) —)(2)

From eq (1) and (2)
{5

1 th
Y If the velocity of a body becomes (;j of its initial velocity after a displacement of ‘x’ then it

will come to rest after a further displacement of

u
n

2 2
— (EJ -u? =2ax - (1) = 0 '(_J = 2ay - (2)
n
X
Fromeq.(1)andeq (2); V= ]
EX.7. A body covers 100cm in first 2 seconds and 128cm in the next four seconds

moving with constant acceleration. Find the velocity of the body at the end of 8sec?
Sol. distance in first two seconds is

s, = ut, +—at; — > o 2,

100=2u+%a(4) ...... (1)
distance in (2+4)sec from starting point is
s, ts, =u(t1+t2)+%a(t1+tz)2 228:611"'%3(36) ...... 2)

from eq (1) and (2)
We get a=-6 cm/s’, sub a=-6 in eq - (1)

:>100=2u—%><6><4

2u=112 u=>56 cm/s
v=utat=56-6x8 = v=8m/s



EX.8. A car starts from rest and moves with uniform acceleration ‘a’. At the same instant from
the same point a bike crosses with a uniform velocity ‘u’. When and where will they meet ?
What is the velocity of car with respect to the bike at the time of meeting ?

I _

SOL c§r_5at _)(1)’ biSke ut _)(2)

if they meet at the same point

S=S

car bike

| 2u
—at"=ut > t=—
2 a

2

2u  2u

Spige = Ut=U——=
a a

V., =at=2u

c
1
Vb

1 1
Vecar = Vbike

V., W.It bike at the time of meeting, =2u-u=u
EX.9: What does d‘lv‘ /dt and ‘d i/ / dt‘ represent? can these be equal ? can:
() d[v|/dt=0 while |dv/di|0
(b) |/ de %0 while |dv /=0 2

1
=u, while ‘d v/ dt‘ represents magnitude

1
\"

1
Sol. d M / dt represents time rate of change of speed as

of acceleration.
If the motion of a particle has translational acceleration (without change in direction)

B =2 A

T r
as V:‘V

dv

r
or E:§%M [as ,} is constant]
.
dv| df
or E :EM(?& 0)

In this case both these will be equal and not equal to zero.
(a) The given condition implies that:

1 1
dv/dt‘ =0, ie., acc.| # 0 while dM/dt =0, i.e., speed =constant.

This actually is the case of uniform circular motion. In case of uniform circular motion
.
dv

dt

2

r
= ‘a‘ =—=constant ! 0
r

while i"=oonstant. ie., %M =0




(b)‘dV/dt‘ OmeansH 0,ie, 53=0

r (dV/df):O or {fzconstant

And when velocity i, is constant speed will be constant,

L dr
=|v|=constant or —M =0

i.e., speed

dV

So, it is not possible to have |~ dil

while %M £ 0.

EX.10:In a car race, car A takes time t less than car B and passes the finishing point with a
velocity v more than the velocity with which car B passes the point . Assuming that the

cars start from rest and travel with constant accelerations a, and a, respectively , the

Vo,
value of —1is

Sol.  The distance covered by both cars is same
Thus, s,=s,=s
If the cars take time t, and t, for the race and their velocities at the end of race be v, and v, , then
it is given that

v,—v,=vand t,—t =t

o

Now,t tz tl é 1t
a, a,

EX.11 Adrunkard walklng in a narrow lane takes S steps forward and 3 steps backward, followed
again by 5 steps forward and 3 steps backward, and so on. Each step is 1m long and requires
1sec. How long the drunkard takes to fall in a pit 13m away from the start?

Sol. Distance of the pit from the start =13-5=8m
Time taken to move first Sm=>5sec
5 steps (i.e., Sm) forward and 3steps(i.e.,3m) backward means that net distance moved =5-3=2m

a1az

and time taken during this process =5+3=8sec

8x8
. Time taken in moving 8m = = - 32sec
-, Total time taken to fall in the pit =32+5=37sec
EX.12 : An o particle travels inside a straight hollow tube 2m long of a particle accelerator
under uniform acceleration. How long is the particle in the tube if it enters at a speed of
1000 m/s and leaves at 9000 m/s. What is its acceleration during this interval ?

Sol.  Let ‘a’ be the uniform acceleration of o -particle. According to given problem s = 2m,
v =9000 m/s and u = 1000 m/s. Since v? - u? = 2a8,

(9000)* —(1000)* =2a(2) — a=2x 10" m/s’

Let the particle remains in the tube for time ‘t’, then v =y +at



v—u _9000-1000

a T

=>t=

EX.13:A car starts from rest and moves with uniform acceleration of 5 m/s* for 8 sec. If the

Sol.

acceleration ceases after 8 seconds then find the distance covered in 12s starting from rest.
The velocity after 8 secv=0+5x 8 =40 m/s
Distance covered in 8§ sec

S, :0+l><5><64:160m
2

After 8s the body moves with uniform velocity and distance covered in next 4s with uniform
velocity.

s=vt=40x4=160 m

The distance covered in12 s =160 +160 =320m.

EX.14 : A car is moving with a velocity of 40 m/s. The driver sees a stationary truck ahead at a

Sol.

distance of 200 m. After some reaction time At the breaks are applied producing a (reaction)
retardation of 8m/s’. What is the maximum reaction time to avoid collision ?
The car before coming to rest (v = 0)

V2 :u2+2as—>O:(4O)2—2x8xs

=s=100m
The distance travelled by the car is 100m
To avoid the clash, the remaining distance 200 - 100 = 100m must be covered by the car with

uniform velocity 40 m/s during the reaction time At .

100 _
At

The maximum reaction time At =2.5s

40 = At=2.5s

EX.15 : Two trains one travelling at 54 kmph and the other at 72 kmph are headed towards one

Sol.

another along a straight track. When they are 1/2 km apart, both drivers simultaneously
see the other train and apply their brakes. If each train is decelerated at the rate of 1 m/s’,
will there be a collision ?

Velocity of the first train is 54 kmph = 15 m/s

Distance travelled by the first train before coming to rest

2
s =22 _1155m
2a 2
Velocity of the second train is 72 kmph= 20 m/s
Distance travelled by the second train before coming to rest
2
s, =2 _2% _ 500m
2a 2
Total distance travelled by the two trains before coming to rest =s, +s, = 112.5 +200 = 312.5m
Because the initial distance of separation is 500m which is greater than 312.5m, there will be no
collision between the two trains.



EX.16. A bus accelerates from rest at a constant rate ¢ ¢ ’ for some time, after which it decelerates at
a constant rate ¢ 5’ to come to rest. If the total time elapsed is t seconds. Then evaluate follow-
ing parameters from the given graph
a) the maximum velocity achieved
b) the total distance travelled graphically and
¢) Average velocity

max|— — T 7 T T

O ¢ t, Bt

VmaX max
Sol. a) ¢ =Slope of line OA =~ = t -
1

Vmax Vmax
/= Slope of line AB = t—:>t2 :T
2

Vmax Vmax a+B
t=t +t, =Dy My
a B af

v :( ap ]t
max a-‘rB

b) Displacement = area under the v-t graph

=area of AOAB
—lxbasexhei ht—l(t +t,)v —ltv
- 2 g 2 1 2 max 2 max
l OL_B t2
- 2la+PB
_ totaldisplacement _ 1{ af ¢ = Vi
e total time 2l a+p 2

EX.17: A body starts from rest and travels a distance S with uniform acceleration, then moves
uniformly a distance 2S and finally comes to rest after moving further 5S under uniform
retardation. Find the ratio of average velocity to maximum velocity

VA
V

max

Sol.




2S

2

area of AOAC S :%thl (ont, =

Vmax
2
area of ABCD 2S=V__ t, (on)t, v
1 1
area of ABDE 5S=—V__ t,(ont, _105
2 Vo
‘ S+2S+58 &S
_ Totaldisplacement  Vay = S 2SS 108 148
e Totaltime v v v %
Vie _ 88 4
\Y% 148 7

max

EX.18: The acceleration-displacement (a - x) graph of a particle moving in a straight line is as
shown. If the particle starts from rest,then find the velocity of the particle when displace-

ment of the particle is 12m.
(1[1]1 /s )
A

a
R R R :

2.,

2 x>(m)
Sol. y?-y? =2ax
:>ax—Vz'u2 v ( 0)
= = — u=
2 2 Q

=v= \/Z(area under a—x graph)

Area under a-x graph =

Area of AOAE + Area of rectangle ABEF

+ Area of trapezium BFGC + Area of ACGD

Area Z%(Z)(Z)+6><2+%(2+4)(2)+%x2x4:24

= v=+2x24 =4/3m/s
EX.19: Velocity-time graph for the motion of a certain body is shown in Fig. Explain the nature
of this motion. Find the initial velocity and acceleration and write the equation for the

variation of displacement with time. What happens to the moving body at point B ? How
will the body move after this moment ?



Sol.

» <

~ 015,

B
C
The velocity -time graph is a straight line with -ve slope, the motion is uniformly retarding one

upto point B and uniformly accelerated after with-ve side of velocity axis .
At point B the body stops and then its direction of velocity reversed.

The initial velocity at point A is v, = 7ms”
The acceleration

a=2V_YiVo 07 _ 4 636ams? ~ -0.64ms?

The equation of motion for the variation of  displacement with time is

s=TTt -%O.64t2 =7t-0.32¢°

EX.20: A particle starts from rest and accelerates as shown in the graph. Determine

Sol.

a) the particle’s speed at t = 10s and at t = 20s
b) the distance travelled in the ﬁrst220s.

am/s
A
2
1
15 20 >t
4 510 sec
-2
3p—————

a) Upto 10 sec the particle moves with uniform acceleration, hence the velocity at t = 10s,
v,=utat=0+2x10=20m/s

From t = 10s to t = 15s the acceleration is zero,so The velocity of the particle at t=15s is 20m/s
Velocity at t = 20sec, v, = v, +at

=20+ (-3)5=5m/s

b) Distance travelled in first 10 sec

1 1
S, :utJrEalt2 = 0><10+5><2><(10)2 =100m  Distance travelled when t = 10 sec to t = 15 sec

s, =vt=20x5=100m Distance travelled when t = 15 sec to t =20 sec



s, =20><5+%><(—3)><52 =62.5m
Total distance travelled in 20 sec = s, +s,+s, =100+ 100+ 62.5=262.5m

EX.21: Velocity (v) versus displacement (x) plot of a body moving along a straight line is as shown
in the graph. The corresponding plot of acceleration (a) as a function of displacement (x) is

(EAM-2014) Va
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Sol.  From the given graph equation for velocity v = kx
on differentiation
dv
—=kv .. :
a @
dv
e k(kx)=k’x; a=kx andv=-kx+v,
dv .
on differentiation — =—kv =—-k(-kx+v,) a=kx-kv, - (ii)

dt
So, according to the eq. (ii) the shgpahof a-x graph is as below

o Accelerati

100 200,

X

- ) = ——

V Displacement



|||. Equations of Motion for Variable Acceleration :
Y When acceleration ‘a’ of the particle is a function of time Le., a=1(t)
dv

:I:f(t):dvﬁ(t)dt

Integrating both sides within suitable limits, we have
Idv=jf(t)dt =>v =u+If(t)dt
u 0 0

S When acceleration ‘a’ of the particle is a function of distance  a = f(x)
dv dv dx
9V

f(x) = ——="f(x)

dat dx dt

IVdV: ]‘f(x)dx =V :u2+2]ﬁf(x)dx

EX.22: A particle located at x = 0, at time t = 0, starts moving along the positive x-direction with

a velocity v that varies as y = ¢./x . The displacement of particle varies with time as

Sol. d—Xzoc\/;:d—X:adt

dt Jx
tdx ¢
On integrating, we get —=|odt
g g g { Jx J;
[ att=0, x = 0 and let at any time t, particle be at x]

172 ¥ o
=>|—| =at X1/2:—t 2
L/zl or B =>xoat

EX.23 : The acceleration (a) of a particle moving in a straight line varies with its displacement (S)
as a = 28. The velocity of the particle is zero at zero displacement. Find the corresponding
velocity-displacement equation.

dv
Sol. a=2S :VE=2S = vdv =2SdS

v S 2\V 2 S
:>Ivdv:j2SdS LY ool S
2 2
0 0
2

v
33282 = v =128

dv
EX.24: An object moving with a speed of 6.25 m/s, is decelerated at a rate given by n =-2.5Jv ,

where v is instantaneous speed. The time taken by the object, to come to rest, would be
(AIEEE-2011)



Sol.

dv 1
dt W (on) Jv

On integrating, within limits
(v,=6.25m/stov,=0)

v,=0

t
J- v 2dv = —2.5J- dt
v;=6.25m/s 0
1/2
2X[Vl/2j|:.25 :—(Z.S)t (or) t:%:%

EX.25:The velocity of a particle moving in the positive direction of the X-axis varies as | = K/

Sol.

i

rr

rrorere

o
o

np

o

where K is a positive constant. Draw V-t graph.

V=K-s

dS SdS t
E:K\/E :IOﬁZJ-OK dt

— 28 =Kt and S=%K2t2

as 1 1
=V==_K?2t=—K?%

a4 > =V ot
Vot

. The V-t graph is a straight line passing through the origin.

Acceleration due to gravity
The uniform acceleration of a freely falling body towards the centre of earth due to earth’s gravitational
force is called acceleration due to gravity
It is denoted by ‘g’
Its value is constant for all bodies at a given place. It is independent of size, shape, material,
nature of the body.
Its value changes from place to place on the surface of the earth.
It has maximum value at the poles of the earth. The value is nearly 9.83 m/s’.
It has minimum value at equator of the earth. The value is nearly 9.78 m/s.
= Beartn
6
The acceleration due to gravity of a body always directed downwards towards the centre of the
earth, whether a body is projected upwards or downwards.
When a body is falling towards the earth, its velocity increases, g is positive.
The acceleration due to gravity at the centre of earth is zero.

On the surface of the moon, ..o

Motion under gravity

Equation of motion for a body projected vertically downwards :

When a body is projected vertically downwards with an initial velocity u from a height h
thena=g, s=h



re

I
a)v=u-+gt b)h=ut+ Jgf ) v:-u'=2gh d)Sn=u+§(2n-l)

In case of freely falling bodyu=0,a=+g

— S — l t2 2 S = n-— l
a) v=gt b) —2g c) v: =2gS d)>. =8 >
For a freely falling body, the ratio of distances travelled in 1 second, 2seconds, 3 seconds, .... = 1
:4:9:16...

For a freely falling body, the ratio of distances travelled in successive seconds=1:3:5:9 ....
A freely falling body passes through two points A and B in time intervals of t and t from the

start, then the distance between the two points A and B is = %(té - tlz)

A freely falling body passes through two points A and B at distances h1 and h2 from the start, then
the time taken by it to move from A to B is

TZ\/%—\/%Z\E(\/E—\/E)

Two bodies are dropped from heights hl and h2 simultaneously. Then after any time the distance
between them is equal to (h ~h).
A stone is dropped into a well of depth ‘h’, then the sound of splash is heard after a time of ‘t’.

2h
Time taken by the body to reach water, f; = ?

h

Time taken by sound to travel a distance ‘h’, > = %

sound

2h h

. Time to hear splash of sound is ¢=¢ +1,= ; + .
sound

A stone is dropped into a river from the bridge and after ‘x” seconds another stone is projected
down into the river from the same point with a velocity of ‘u’. If both the stones reach the water

simultaneously, then Sl(t) = Sz(t_x)

%gtz —u(t- x)+%g(t— x )
A body dropped freely from a multistoried building can reach the ground in t sec. It is stopped in
its path after t sec and again dropped freely from the point. The further time taken by it to reach

the ground is t, =/t° —t,” .

H, t, H,

t| H| t=?

We know that = H2 + H3



rre

rre

2 2

1
+§gt3

Stl=t 4t st =t -t

Equations of motion of a body Projected Vertically up :
Acceleration (a) = -g

1,1
:Egtl :Egtz

1
a)v=u-gt b)s=ut-§gt2 c) vV -u’=-2gh d)sn=u-§(2n-l)
Angle between velocity vector and acceleration vector is 180° until the body reaches the highest point.
At maximum height, v=0anda=g

2

u 2
How = E = H,,., ©U" (independent of mass of the body)

A body is projected vertically up with a velocity ‘u’ from ground in the absence of air resistance

‘R’. then. (t, =t,)

=ty =—
1) "a ™ -
) 17
2u
ii) Time ofﬂightT:ta"‘td:E

A body is projected vertically up with a velocity ‘u’ from ground in the presence of constant air
resistance ‘R’. If it reaches the ground with a velocity ‘v’, then
a) Height of ascent = Height of descent

. ¢ = mu
b) Time of ascent ‘a mg + R

. - mv
c¢) Time of descent ‘4 mg —R
d)t, <t,

v mg—R
) —= (v<u)

u mg + R

f) For a body projected vertically up under air resistance, retardation during its motion is > g
At any point of the journey, a body possess the same speed while moving up and while moving
down.

Irrespective of velocity of projection, all the bodies pass through a height % in the last second of

ascent. Distance traveled in the last second of its journey # —§ .

The change in velocity over the complete journey is ‘2u’ (downwards)
If a vertically projected body rises through a height h’ in n™ second, then in (n-1)" second it will
rise through a height (h+g) and in (n+1)"second it will rise through height (h-g).



If velocity of body in n" second is ‘v’ then in (n — l)th second itis (v + g) and that in (n + 1)th second

is (v - g) while ascending
A body is dropped from the top edge of a tower of height ‘h” and at the same time another body is
projected vertically up from the foot of the tower with a velocity ‘u’.

T Ju=0
h

K

a) The separation between them after ‘t” seconds is = (h —ut)

h
b) The time after which they meet t= "

gh”
c) The height at which they meet above the ground = (h _Z_uzj

u
d) The time after which their velocities are equal in magnitudes is t = g

e) If they meet at mid point, then the velocity of thrown body is u=,/gh and its velocity of

meeting is zero
f) Ratio of the distances covered when the magnitudes of their velocities are equal is 1 : 3.

A body projected vertically up crosses a point P at a height ‘h’ above the ground at time ‘¢’

seconds and at time ¢, seconds ( #, and t, are measured from the instant of projection) to same

point while coming down.

1
h=ut——gt’; gt —2ut+2h =0

“«—=>
o=3pHd

This is quadratic equation in ¢

2u
Sum of the roots, 4 +1, = 2 (time of flight)

1
Velocity of projection , U= Eg(tl +1t,)



2h
Product of the roots, 4, = ;

: . 1
Height of Pis h= Egtltz

1
Maximum height reached above the ground H= gg(tl +t,)’

g(tz _tl)

2
A body is projected vertically up with velocity #, and after ‘t” seconds another body is projected

Magnitude of velocity while crossing P is

vertically up with a velocity u, .

a) If u, > u,, the time after which both the bodies will meet with each otheris 7, =k,

ulx—%gx2 =u, (x—t)—%g(x—t)2

u,t+ 1 gt’
x=— 2 for the first body.
(u, —u,)+gt
u t u t
b) If u, =u, =u, the time after which they meet is g + E for the first body and g - 5
for the second body.
igh hich th = i_g_tz
Height at which they meet = 2¢ 8

A rocket moves up with a resultant acceleration ¢ . If its fuel exhausts completely after time '¢'
seconds, the maximum height reached by the rocket above the ground is

h=h+h,

2 2.2
L L |p, =20 [v=ar]
2 2g 2¢  2g |

h:la‘[2 [l+ij
2 g

An elevator is accelerating upwards with an acceleration a. If a person inside the elevator throws

2u

a particle vertically up with a velocity u relative to the elevator, time of flight is t = gTa

2u

In the above case if elevator accelerates down, time of flight is t= _a



The zero velocity of a particle at any instant does not necessarily imply zero acceleration at that
instant. A particle may be momentarily at rest and yet have non-zero acceleration.

For example, a particle thrown up has zero velocity at its uppermost point but the acceleration at
that instant continues to be the acceleration due to gravity.

EX.26: Drops of water fall at regular intervals from the roof of a building of height h=16m. The

Sol.

first drop striking the ground at the same moment as the fifth drop is ready to leave from
the roof. Find the distance between the successive drops.

2h
Step-I : Time taken by the first drop to touch the ground = t=,|—

g
16(2 2
Forh=16m, t ﬂ/ﬁz“\/:
g 8

1 1 2
Time interval between two successive drops is At = (E} = (th = g
Where n = number of drops
Step-I1 :
1 2 1 2
Distance travelled by 1* drop S = 58 (4Ar) = 58 (16) 2" 16m
1 2 1 2
Distance travelled by 2™ drop S, = 58 (3At) = 58 (9) 2/ Im
1 2 1 2
Distance travelled by 3 drop Sy = 58 (2A1) = 58 (4) 2 4m
1 > 1 2
Distance travelled by 4" drop S, = £y g (At) = 5 g (Ej =1m

Distance between 1% and 2™ drops=S, -5, =16-9=Tm
Distance between 2" and 3™ drops=S, — S, =9—-4=5m
Distance between 3 and 4" drops=S, - S, =4—-1=3m

Distance between 4" and 5" drops=S, - S, =1-0=1m

EX.27: A body falls freely from a height of 125m (g = 10 m/s?). After 2 sec gravity ceases to act

Sol.

Find time taken by it to reach the ground ?

1 1
1) Distance covered in 2s under gravity S, = Egtz = 5(10)(2)2 =20m
Velocity at the end of 2s V=gt=10 x 2=20m/s

Now at this instant gravity ceases to act, there after velocity becomes constant.The remaining
distance which is 125 - 20 = 105m is covered by body with constant velocity20 m/s. Time taken
to cover 105 m with constant velocity is given by
t, :E:t1 :£=5.25s

\Y% 20
Total time taken =2 +5.25=7.25 s



EX.28: A parachutist drops freely from an aeroplane for 10 seconds before the parachute opens
out. Then he descends with a net retardation of 2 m/s’. His velocity when he reaches the
ground is 8 m/s. Find the height at which he gets out of the aeroplane ?

Sol. Distance he falls before the parachute opens is

S, = %gx100:490m

Then his velocity , u=gt =98.0 m/s
Velocity on reaching ground =v=8 7,/ s
retardation =2 , / 42

v?—u’ =2a8, = 8§, =2385m

Total distance § = §, +5,= 2385 + 490

=2875 m( height of aeroplane)
EX.29: If a freely falling body covers half of its total distance in the last second of its journey.

Find its time of fall
Sol.  Suppose t is the time of free fall
S, = %(2;7 ~1)and S =§(n2)

s (2n—1)><§ N

S nx % 2

n?—4n+2=0 and n=(2+\/§)sec

EX.30: A body is projected vertically up with a velocity u. Its velocity at half of its maximum
height and at 3/4th of its maximum height are

Sol. From Vv’ -u’=2a8S, here a=—g; when S =H/2, then

vVi-ul=2(-g)— =>v =L

4g V2

3u’ u

>v=—

4(2g) 2
EX.31: A stone is allowed to fall from the top of a tower 300m height and at the same time

another stone is projected vertically up from the ground with a velocity 100 m/s. Find when
and where the two stones meet ?

When S =3H/4, then V' —u’ =2(-g)

300-x
300 m

Sol.
X

height of the tower, h=300m




Suppose the two stones meet at a height x from ground after t seconds

t:u—” u =u+0=u, S =h

r

h 300
t=— =——=3sec
u 100

height of the stone from the point of projection is

h = ut—%gtz :100><3—%><9-8><9 =2559m

EX.32: A stone is dropped from certain height above the ground. After Ss a ball passes through a

Sol.

I 4

pane of glass held horizontally and instantaneously loses 20% of its velocity. If the ball takes
2 more seconds to reach the ground, the height of the glass above the ground is
In 5s velocity gained v = gt = 50 m/s.

. . 80
Velocity after passing through the glass pane 100 50=40m/s

1 1
Height of the glass pane above the ground is h =ut +Egt2 = 40x2 X 10x(2)" = 100m

Body Projected Vertically up from a Tower

A body projected vertically up from a tower of height ‘h’ with a velocity ‘u’ (or) a body dropped
from a rising balloon (or) a body dropped from an helicopter rising up vertically with constant
velocity ‘u’ reaches the ground exactly below the point of projection after a time ‘t’. Then

(a) Height of the tower is h=—ut +%gt2
(b) Time taken by the body to reach the ground

u+4/u’+2gh

g

(c) The velocity of the body at the foot of the tower v = ,/u® +2gh

(d) Velocity of the body after ‘t’ sec. is
v=u-—gt

t:

1
(e) Distance between the body and balloon after this time = Egt2



EX.33: A ball is thrown vertically upwards from the top of a tower. Velocity at a point ‘h’ m
vertically below the point of projection is twice the downward velocity at a point ‘h’ m
vertically above the point of projection. The maximum height reached by the ball above the

top of the tower is (MED-2012)
Sol. If AB is the tower then according to the problem, velocity at ‘P’ is given as twice the velocity at
‘Q’

VP:W ; VQ=W;VP=2(VQ)

\/(u2 +2gh) = {/(u2 ~2gh) = v’ _ 10gh

10gh
u’ 3 _&

From the top of the tower maximum height reached H = E =H= 29 3

EX.34: From a tower of height H, a particle is thrown vertically upwards with a speed u. The
time taken by the particle to hit the ground is n times that taken by it to reach the highest
point of its path. The relation between H, u and nis ( jee main- 2014)

Sol. Time taken to reach the maximum height t, = "

If t is the time taken to hit ground

1
i.e., _H = Utz _Egtz

nu 1 (n’u®
Butt =nt ;So, H=u| —|->g|—
2 1 g 2 g

_Hzn_uz_l(nzuz
g

g 2 )32gH=nu2(n—2)

EX.35 : A balloon starts from rest, moves vertically upwards with an acceleration g/8 ms?. A
stone falls from the balloon after 8 s from the start. Further time taken by the stone to
reach the ground (g = 9.8 ms?) is

Sol. The distance of the stone above the ground about which it begins to fall from the balloon is

1(g).
h=—| =218 =4
S5y -
g

The velocity of the balloon at this height can be obtained from v=u-+at; v=0+ g 8=g

This becomes the initial velocity (u) of the stone as the stone falls from the balloon at the height
h.



Lu'=g

1
For the total motion of the stone h =-u't +5 gt’

1
4g=gt-ogt and 11 -20-8=0
Solving for ‘t” we get t = 4 and -2s. Ignoring negative value of time, t = 4s.
Three bodies are projected from towers of same height as shown. 1st one is projected vertically up
with a velocity “u’. The second one is thrown down vertically with the same velocity and the third
oneisdropped as afreely falling body. If tl, t,t are the times taken by them to reach ground, then,
N

= u=0
! u=u .

—
5 —>

1 2 3
For 1* body, h:_utl+§gt12 — (1)

— e —>
=

For 2" body, /= ut, +%gt§ —(2)

For 3“ body, /2= %gl}z —(3)

from (1)xz, + (2)x¢,

— h(t,+1,) =%gtlt2 (t,+1,)

i) Height of the tower 7 = %gtlz‘2 —(4)

ii) From eq (3) & (4), t,=Jtt, —(5)
i11) Equating R.H.S of (1) & (2),

: o 1
velocity of projection U = Eg(tl ~t,) —>(6)

u
iv) Time difference between first two bodies to reach the ground Af = E - (7)

Relative Motion in one dimension

Velocity of one moving body with respect to other moving body is called Relative velocity.

A and B are two objects moving uniformly with average velocities v, and v, in one dimension,
say along x-axis having the positions XA(O) and XB(O) att=0.

It XA(t) and XB(t) are positions of objects A and B at time t then

X, (1) =%, (0)+v,t; x5(t)=x5(0)+vyt



©  The displacement from object A to B is given by

XBA(t):xB (t)—xA(t)
=[XB(O)—XA(O):|+(VB—VA)t

=Xy (0)+(vg =V )t

Velocity of A wrt B is i,AB =VA-Vg

T
2 2
‘VAB‘ = \/VA + vy -2v,vycos0
1
VAB =

1
VA

1
VB

S Two bodies are moving in a straight line in same direction then,

(Qo=0")

Y Two bodies are moving in a straight line in opposite

1
\'%

1
VAB =

1

+VB

direction then, » (Qo=180")

Y If two bodies move with same velocity and in same direction, then position between them does
not vary with time.

Y Iftwo bodies move with unequal velocity and in same direction, then position between them first
decreases to minimum and then increases.

©  Ifthe particles are located at the sides of n sided symmetrical polygon with each side a and each
particle moves towards the other, then time after which they meet is

A

Initial separation

" Relative velocity of approach

) ()

vV—vcos| — v| 1—cos| —

n n
T-——2

and 2vsin® r

n
Shortcut to solve the problems

. 2a

For Triangle n=3:>T=§; For Square n=4 :>T=;
2a
For hexagon,n=6 = T = =

EX.36: A passenger is at a distance ‘d’ from a bus, when the bus begins to move with a constant
acceleration a. Then find the minimum constant velocity with which the passenger should
run towards the bus so as to catch is

1
Sol. S =d+S ; Vt:d+Eat2

passenger bus
2
++/v-—2ad

at? —2vt+2d=0=> t =~
a

for minimum velocity v? —2ad =0 = v =+/2ad



EX.37. Two trains, each travelling with a speed of 37.5kmh, are approaching each other on the
same straight track. A bird that can fly at 60kmph flies off from one train when they are 90
km apart and heads directly for the other train. On reaching the other train, it flies back to
the first and so on. Total distance covered by the bird before trains collide is

Sol. Relative speed of trains = 37.5+37.5 = 75kmh™"

Time taken by them t tf=£—%—é
ime taken by them to mee w "75°3
. . 6
Distance travelled by the bird, x =V, , x¢ =60x 3 =72km (Q V., =60kmh™)

EX.38: On a two-lane road, car A is travelling with a speed of 36 kmph. Two cars B and C
approach car A in opposite directions with speed of 54 kmph each. At a certain instant,
when the distance AB is equal to AC, both being 1 km, B decides to overtake A before C
does. What minimum acceleration of car Bis required to avoid an accident?

Sol. Velocity of a car A, V, =36km/h=10m/s
Velocity of car B, V, =54km/h =15m/s
Velocity of car C, V. =54km/h=15m/s
Relative velocity of car B with respect to car A, V,, =V, -V, =15-10=5m/s

Relative velocity of car C with respect to car A, V., =V.+V, =15+10=25m/s

At a certain instance, both cars B and C are at the same distance from car Ai.e., s = lkm = 1000m

) . 1000
Time taken (t) by car C to cover 1000mis t= 5 40s

The acceleration produced by car B is

1000 = 5x40+~at’ =a =122 1m/¢
2 1600
EX.39: Abody is at rest at x =0. At t =0, it starts moving in the positive x-direction with a constant
acceleration. At the same instant another body passes through x = 0 moving in the positive x-
direction with a constant speed. The position of the first body is given by x, (t) after time ‘¢
and that of the second body by x, (t) after the same time interval. Which of the following

graphs correctly describes (x1 —xz) as a function of time ‘t> ? [AIEEE - 2008]



(x1 _xz) (X1 _xz)

1) 2)

0 t Ol t

(x1 _xz) (xl —xz)

3) 4) /\/

Ol \t ol .

1, 1,
Sol. As, xl(t)=5at and xz(t):vt soX-X, =Eat -Vt (parabola)

Clearly, graph (2) represents it correctly.
EX.40.A particle has an initial velocity 3i+ 4] and an acceleration of .41 +0.3]. It speed after 10s
is (ATEEE-2009)

1 1 1

Sol. y=u+at
= (30 +47)+(041 +03])10 =37 44} +47 +3j =77 +7}

M —JA9+49 73

EX.41. A body is moving along the circumference of a circle of radius ‘R’ and completes half of
the revolution. Then, the ratio of its displacement to distance is

) w:2 2)2:1 3)2:1 4)1:2
C

Sol. . /r_\

A " B

Displacement : Distance= 7R :2R Kkey-3
EX.42. Abody completes one round of a circle of radius ‘R’ in 20 second. The displacement of the
body after 45 second is

R
D 2)\2R 3)2JR 4)2R

Sol. In 40sec body completes two revolutions.

V4 .
In 5 sec it covers 1/4 th of the circle and angle traced is 5 So displacement § =2R SIHE

key-2



EX.43. If a body covers first half of its journey with uniform speed v, and the second half of the
journey with uniform speed v, then the average speed is

2v,v, vV, V,
1) vi+v, 2)—V1+V2 3)V1+V2 4) v,v,
S, +S, _2vyv,
Sol. . Average speed = it = V= v, +v, key-2

EX.44. A car is moving along a straight line, say OP in figure. It moves from O to Pin 18 s and
return from P to Q in 6 s. What are the average velocity and average speed of the car in
going from O to P and back to Q?

1)10ms™",20ms™"' 2)20ms™',10ms™" 3) 10ms™',10ms™" 4) 20ms™",20ms™"

total displacement s, +s,
ave total time ot +t,

Sol. . v key-1

EX.45. For a body moving with uniform acceleration ‘a’, initial and final velocities in a time
interval ‘t’ are ‘u’ and ‘v’ respectively. Then, its average velocity in the time interval ‘t’ is

at at
1)(v+at) 2)(v—5j 3)(v—at) 4)(11—;)
v+u v+v-—at
Sol. Vave = D) key-2

EX.46. Two cars 1 & 2 starting from rest are moving with speeds v, andv, m/s (v,>v,). Car2 is
ahead of car ‘1’ by s meter when the driver of the car ‘1’ sees car ‘2’. What minimum

retardation should be given to car ‘1’ to avoid collision. (2002 A)
v, -V, v, +V, (v, +v,) (v,=v,)
1) 2) — 3) ———— 4) ———
S S 2s 2s
SOl' urel = vl _VZ ;vrel = 0 5 vfel = ufel = 2aS
Key-4

EX.47. If a car covers ) /5" of the total distance with v, speed and 3,5 distance with v, then
average speed is

1 — v, +v, 2V,V, ViV,
1)5 Viva 2) 2 3) vV, +V, 4) 3v,+2v, \
. Sl +SZ
total distance =
Sol. avgspeed= : S S
total time v v
1 2

key-4



EX.48. The coordinates of a moving particle at any time ‘t’ are given by x — o> and y = t*. The
speed of the particle at time “t’ is given by

1) o2 +B? 2) 3t Ja’ + B> 3) 32 Ja’+p> 4 t*\Ja? +p’
_dx _dy —
Sol. VX_E’ Vy—a; V=,/VX+Vy

key-3
EX.49. A car, starting from rest, accelerates at the rate f through a distance S, then continues at

constant speed for time t and then decelerate at the rate (f/2) to come to rest. If the total
distance travelled is 15S, then

1 1 1
— S=—ft S=—ft’ S=—ft’
DS=ft 2) 8=, 3) S=— 4) =7
Sol.
s
v?-0% =2fs

2y ®s, =2s
0o -V - 5.53

o8, =12s;  12s=vt also v=4/2fs

1
S 12s=+[2fst ;14487 =2fst; S = 7—2ft2

key-3
EX.50. An armored car 2m long and 3 m wide is moving at 10ms”' when a bullet hits it in a

a3
direction making an angle tan l [Zj with the length of the car as seen by a stationary observer.

The bullet enters one edge of the car at the corner and passes out at the diagonally opposite
corner. Neglecting any interaction between the car and the bullet and effect of gravity, the
time for the bullet to cross the car is
1)0.20 s 2)0.15s 3)0.10s 4)0.50 s

Sol.

2m

3m|v, sin 37 ) < —>10m/s
A ///

Vo o=tan (2]
=37

v, 008 37 2m




Relative velocity along x-axis is (Vbcos370 - 10)
Distance travelled by bullet along x- axis is
(VbCOS370 —10)t=2 ......... (1)

Distance travelled by bullet along y-axis is
(vysin37°)t=3........ 2)

Solving equation (1) and (2) we get t=0.20s  key-1

EX.51. Two particles start simultaneously from the same point and move along two straight lines. One
with uniform velocity v and other with a uniform acceleration a. If ¢« is the angle between the lines
of motion of two particles then the least value of relative velocity will be at time given by

\ \% A% v
l)—smna 2)—cosa 3)—tanoc 4)—c0ta
a a a a

Sol. At any time velocity of first car is V and that of second car is yv=v+at =0 +at

V= \/V2 +(at)” - 2vat cosa

o R vCosa,
v, is minimum if E(V )_0 t=

r

key-2

EX.52. A jet airplane travelling at the speed of 500 km/h ejects its products of combustion at the
speed of 1500 km/h relative to the jet plane. What is the speed of the later with respect to an
observer on ground?

1) —100kmph 2) —1000kmph 3) —10kmph 4) —11kmph
Sol. Velocity of jet aeroplane = 500}5

velocity of fuel w.r.to plane = —1500}

uuw  uu

uu uu
vy -v, =-1500%; v, =v_ -1500%

= 500-1500=-1000
-, speed of fuel w.r.to ground is -1000km/hr.
key-2

EX.53. Aliftis coming from 8th floor and is just about to reach 4th floor. Taking ground floor as origin
and positive direction upwards for all quantities, which one of the following is correct?
Hx<0,v<0,a>0 2)x>0,v<0,a<0 3)x>0,v<0,a>0 4)x>0,v>0,a<0

Sol. As the lift is coming in downward direction dis-placement will be negative. We have to see
whether the moton is accelerating or retarding.
We know that due to downward motion displace-ment will be negative. When the lift reaches 4th
floor is about to stop hence, motion is retarding in nature hence, x <0,a > 0. As displacement is in
negative direction, velocity will also be negative i.e., V <0.
key-1



EX.54. A vehicle travels half the distance ‘I’ with speed v, and the other half with speed v,, then its
average speed is

V. +vV 2v,+vVv 2v,v L(v,+v
1) 122 2)# 3)# 4)M

vV, +V, V,V,
Sol. Total time = t +t

1 111 1
2v, 2v, 2(v, v,

vV, +V,

key-3
EX.55. The displacement of a particle is given by x = (t-2)* if where x is in metre and t
in second. The distance coverred by the particle in first 4 seconds is
1)4m 2)8m 3) I12m 4) 16m
Sol. Given x = (t - 2)?
dx d 2
ity, vVV=—=—(t—2) =2(t—-2)m/s
velocity, I dt ( ) ( )

) _dv d
Acceleration, == E[Z (t— 2):|

=2[1-0]=2m/s?
key-2
EX.56. At a metro station, a girl walks up a stationary escalator in time t,. If she remains stationary
on the escalator, then the escalator take her up in time t,. The time taken by her to walk up
on the moving escalator will be

1) (t+,)/2 2) /(L) 3t L+, 4)t,-t,
L
Sol. Velocity of girl Vg_t_
1
L
Velocity of escalator Ve_t_
2
L
Net velocity of the girl Ve ™Ve™ "
1 2
L L tt,
—+—+—=>t=
t ot ot t,+t,



EX.57. A body moving along a straight line traversed one third of the total distance with a
velocity 4 m/sec in the first stretch. In the second stretch the remaining distance is covered

with a velocity 2 m/sec for some time ¢, and with 4m/s for the remaining time. if the average
velocity is 3 m/sec, find the time for which body moves with velocity 4 m/sec in second

stretch:
A) Eto B)t C) 2t D) b
2 0 0 2
Sol. t, =22 -5
4 12
2s 2s
?:2(t0)+4(kt0): t,(2+4k) or =m
S
Average velocity = m
B S _ 6(2+4k)
s 2s(l+k)  (5+6k)
12 3(2+4k)
v, (5+6k)=12+24k gives k :%
: : t
Required time =kt, = 50 . key-D

EX.58. For motion of an object along the x-axis, the velocity v depends on the displacement x
as y =3x? -2y, then what is the acceleration at x =2 m?

A) 48 ms™ B) 80 ms™ C) 18ms™ D) 10 ms™
Sol. Given v =3x? — 2x; differentiating v, we get
dv dx

E:(6x—2)52(6x—2)v

=a= (6)c—2)(3x2 —2x) Now put x=2 m

= a=(6x2-2)(3(2) ~2x2) =80 ms™ key-B

EX.59. A police party is chasing a dacoit in a jeep which is moving at a constant speed v. The
dacoit is on a motorcycle. When he is at a distance x from the jeep, he accelerates from rest

at a constant rate o« ? Which of the following relations is true if the police is able to catch
the dacoit ?

A)y? < ax B)v? <2ax C) v’ >22ax D)v*>ax
Sol. If police is able to catch the dacoit after time t, then

| a ,
vt=x+5at ThnglVeS EZ‘ —vt+x=0

v+ =2ax

or t=—————— For ¢ bereal, 2 >2,4y key-C
a



EX.60. A point moves in a straight line so that its displacement x metre time s second is given

by X2 =1+¢%. Its acceleration in ,;¢2 at time 7 second is
A L B - C Lz D 1
) x3/2 ) x3 ) X x} ) X x2

Sol. x2=1+¢% or x=(1+t2)1/2

D Lae) 2= e(142) "

dr 2
d’x S\-1/2 1 ,\3/2
a:W:(H—t ) +t(—5j(l+t ) 2t
1 £
2;—? key-C

EX.61. A 2m wide truck is moving with a uniform speed v, =8 ms™' along a straight horizontal

road. A pedestrain strarts to cross the road with a uniform speed v when the truck is 4 m
away from him. The minimum value of v so that he can cross the road safely is

A) 2.62 ms™ B) 4.6 ms™ C)3.57ms™" D) 1.414ms™"
—Ti v sin©
2m T—>8
Sol. | ] a o
v cosO

. . ——2

Time of crosing vsind
4

Time in which truck just able to catch the man = 8—vecosd

2 4
vsin@ ~ 8-vcosd
or 16 -2vcosf=4vsind

16
cos@+2sinf

For v minimum cos@+2sin @ 1S maximum

For safe crosing

or v=

S0, i(cos0+2sin9):0
do

= —sin@+2cosd =0

= tanfd=2
| 2
= cosf=—,sinf =—
J5 J5
. _16¥5_16
Now " S Vs key-C



EX.62. The velocity of a particle along a straight line increases according to the linear law v =

Sol.

v,tkx, where k is a constant. Then
A) the acceleration of the particle is k(v, +kx)

k

C) velocity varies linearly with displacement with slope of velocity displacement curve equal
to k.
D) data is insufficient to arrive at a conclusion.

B) the particle takes a time —10ge(v ] to attain a velocity v,
0

dv @
Acceleration = E =v=0+kx

* dx .
=5 V[ =v=a=kv=k(v, +kx)

dv dv
Further, a=—=kv =—=kv
dt dt
dv = kdt
A%
Vi d
—V:k.[dt :>t=lloge AL
Vo v 0 k 0
dv
Since, v=v +kx. Hence slope of velocity displacement curve is — = key-ABC

EX.63. Two particles P and Q move in a straight line AB towards each other. P starts from A

Sol. .

with velocity u, and an acceleration a,. Q starts from B with velocity u, and acceleration
a,. They pass each other at the midpoint of AB and arrive at the other ends of AB with
equal velocities.

o . B 2(u, —u,)
A) They meet at midpoint at time t= —( 4 —a )
1 2
- 4(u, —u,)(au, —a,u,)
B) The length of path specified i.e., ABis "~ (a,-a )2

C) They reach the other ends of AB with equal velocities if (u, +u,)(a, —a,)=8(a,u, —a,u,)
D) They reach the other ends of AB with equal velocities if

(u,—u,)(a, +a,)=8(a,u, —au,)

ulal u2a2
— > ———o————<—o
1 2—e— 12—
%=u1t+%a1tz_,_(1) and —%:—ult+%(—a2)t2
1 |
:>5:u2t+5a2t (2)
Ly
subtracting (1) and (2) , we get! = 2 4 —a ...(3)
1 2

1:4(u2—u )(au2

) L) (4

Substituting (3) in (1) or(2) and rearranging, we get.



Since the particle P & Q reach the other ends of A and B with equal velocities say v
For particle P v* —u;] =2a,l... (5)
For particle Q v’ —uj =2a,l...(6)
Substracting and then substituting value of 1 and rearranging, we get
(u,+u,)(a, —a,)=8(au, —a,u,)
key-ABC
EX.64. A particle moves along a straight line so that its velocity depends on time as |, — 47 2.
Then for first Ss.
A) Average velocity is 25/3 ms™'

1

B) Average speed is 10 ms~

C) Average velocity is 5/3 ms™'

D) Acceleration is 4 ms? att=0

5 5
o Jva j(4t—t2)dt [ ts} 125
V=
0

0 _ 0
Sol. Average velocity j- U j- U
0 0

—

For average speed, let us put v= 0, which gives =0 amd ¢ =4s
. average speed =

5

+ jvdt j(4t—t2)dt + jvdt
0 4

A AT
- 4 = [212—} +[2t2—}
5 3 1, 31,

[at = 5

0

4 5
{2# —ts} [2# —ts}

) 3, 3,

4
j vdt
0

+

13
=—nms
5
For acceleration :
a=ﬂ=i(4z—z2)=4—2r At =0 a=4ms> key-C,D
dt dt =, a=5ms Y=

EX.65. A particle moves with an initial velocity v, and retardation ¢v, where v is velocity at any time t.
v,
A) The particle will cover a total distance ;O
: , .1
B) The particle will come to rest after time -
C) The particle will continue to move for a long time.

v 1
D) The velocity of particle will become ?0 after time p”



Sol.

dv p ¥
V.—=—QVv = or jdv=—a_[dx
dx
Vo 0
.
V= 0Xy = Xy =—;
a

% = —av(or)vj'% = —aj;dt

v=ve “(or)v=0fort=o0

—v="2hent = 1 key-A,C,D

e o
3

t
EX.66. A particle is moving along X—axis whose position is given by x =4—9t+?. Mark the

Sol.

correct statement(s) in relation to its motion.
A) direction of motion is not changing at any of the instants
B) direction of motion is changing att =3 s
C) for 0 <t <3 s, the particle is slowing down
D) for 0 <t <3 s, the particle is speeding up.
The particle’s velocity is getting zero at t = 3 s, where it changes its direction of motion.
For 0 <t<3s, V is negative, a is positive, so particle is slowing down.
For t <3, both V and a are positive, so the particle is speeding up.
key-B,C

PASSAGE TYPE QUESTIONS

Passage-1

67.

68.

69.

Sol.

A train starts from rest with constant acceleration, 5 — 1, /s>. A passenger at a distance ‘S’
from the train runs at his maximum velocity of 10 m/s to catch the train at the same moment
at which the train starts.

If S=25.5 m and passenger keeps running, find the time in which he will catch the train:
A)5sec B)4sec C)3sec D) p./2sec.

Find the critical distance ‘S’ for whcih passenger will take the ten seconds time to catch the
train:

A)50m B)35m C)30m D)25m

Find the speed of the train when the passenger catches it for the critical distacne:

A)8m/s B)10m/s C)12m/s D) 15m/s

67. Attime t, X and X are coordinates of train and passenger respectively.
1
X, = Ealtz and X, =v,t—8

If passenger catches the train,

X=X
—Jvi-2a8s
orlalt2=vpt—s or t=—2 VY !
2 a,
10—+/(10)" =2(1)(25.5
= \/( )1 ()( ):3seconds



68. The critical distacne ‘S ’ for which passenger will take the ten seconds time to catch the train is

2
Ve

2a,

The time is 10 seconds, if v; —2a,S=0

2 2
g =¥ (0 500

co2(1)

o . . _r . . .
69. For critical distance, passenger catches the train in time, t = o So, required velocity of train =
t

given by S, =

te

:at(ﬁ]:VP/Z:IOm/sec
at

key-67-.C 68-A 69-B

Passage-2

A body is moving with uniform velocity of 8 ms'. When the body just crossed another

body, the second one starts and moves with uniform acceleration of 4 ms™.

70. The time after which two bodies meet will be
A)2s B)4s C)6s D)8s
71. The distance covered by the second body when they meet is
A) 8 m B) 16 m C)24m D)32m
Sol. 70. Let they meet after time ¢, then the distance travelled by both in time ¢ should be

same
1
s:8t:§4t2:>t:4s

71. s=8t=8x4=32m
key-70-.B  71-.D

EX.72. An elevator in which a man is standing is moving upwards with a speed of 10 ms™'. If

Sol.

the man drops a coin from a height of 2.45 m from the floor of elavator, it reaches the floor
of the elavator after time ( g =9.8 ms™)

A) 2 s B) 1/42 s C)2s D) 1/2s

Let the initial relative velocity, rerlative acceleration and relative displacement of the with
respect to the floor of the lift be u,,a, and s, , then s, =u t+(1/2)a,t’

and u, =u,—u,=10-10=0
a,=a,—a,=(-9.8)-0=-9.8ms™
s, =5, —5 =-2.45m
—2.45=0(t)+(1/2)(-9.8)¢
or =1/2 ort=12s

key-B



EX.73. Abody is thrown vertically upwards from A, the top of a tower. It reaches the ground in time

Sol.

t,. If it is thrown vertically downward from A with the same speed, it reaches the ground in time

t, . If it is allowed to fall freely from A, then the time it takes to reach the ground is given by

_L+ _L-y = t—'
A)t=" B) t=" C)t=4tt, D)! \/;

Suppose the body be projected vertically upwards from A with a speed u,,.

1
Using equation § = ul +(Ej ar’, we get
1) :
For first case: 1 =, — ) gl (1)
Ly o
For second case: —/ = —uyl, — B g (ii)
o Dy (ios
(1)-(i1)= —uo(t2+t1)+ 5 g(t2 t1)

:uo{%jg(a—fz) (iii)

Putting the value of u, in (i1 ), we get

~h= —(%jg(rl —14,)t, —ngti

1 .
= h= Eglllz ( IV)
For third case: u=0,7="?
—h—Oxt—(lj £’ h—(lj £’
> 8l or > g (v)
Combining Eq. (iv ) and ( v), we get

1 1
S81° =28hty or 1=\J1,

key-C

EX.74. The decelaration experienced by a moving motor boat, after its engine is cut-off is

y
given by I =—kv’ | where k is constant.If v, is the magnitude of the velocity at cut-off,
the magnitude of the velocity at a time ¢ after the cut-off is

Vo

A) v, /2 B) v C) vye ™ D) W



d
Sol. Here Lo
dt

or %z—kdt or VZ%: jo’—kdt

2
2 Vo _ Vo

1T 1 2
—— | =—ktor ——+—=—kt Vo= ory=————
or [ 207 L 207 202 » OF 1+ 2vkt 22kt +1

EX.75. A jet plane starts from rest at S = 0 and is subjected to the acceleration shown. Determine
the speed of the plane when it has travelled 60 m.

A) 4647 m/s B) 3647 m/s C) 2647 m/s D) 16.47 m/s
a(m/s)’
22.5
150 S(m)

dV S A%
Sol. aZEV = jo ads = L vdv=v*—u?

= Areaunder a : scurve = y?2 _y>

- (%x150x22.5j—%(90x13.5)=V2 -0

= v’ =75%x22.5-45%x13.5
= v=+75x22.5-45x13.5 = 46.47

EX.76. The relation between time ¢ and distance x is 1= g x>+ bx . Where ¢ and b are constants.
The retardation is
A) 24v° B) 26V’ C) 2abv’ D) 2b6%*

Sol. t=ax*+ fn 1=2axv+ﬁv{%=2ax+ﬁ}

0=2a[xa+v.v]+pa 0=(2ax+p)a+2av’

2 2

_ 2av’ 2av
2ax+p 1
v

=a =2av’



EX.77. The motion of a body falling from rest in a resisting medium is described by the equation

dv
TS =a-bv where g and b are constants. The velocity at any time ; is given by

-bt b -bt
Ay v=0-e™) B V=)

C)v==(1+e™) D) WL
Sol ﬁ—al—)bvjv al —Itdt a
ST 0a—by 40

-2 v a—bv
(Fj[ln(a—bv)]o =t = In - =_bt

_ a
—a—-bv=ac™ :V:—(l—e’b‘)

EX.78 A train stops at two stations s distance apart and takes time t on the journey from one station
to the other. Its motion is first of uniform acceleration ¢ and then immediately of uniform
retardation b, then

1 1 7 2 2 2

NS OB 90Ty DTy
v Vi1
sob =50+ 55 =5 (37)

Again t_g+_:>V:t(a+bj

SRRV

2(1 1)2 a b ;——l+l
4 b s a

EX.79. A ball is thrown from the top of a tower in vertically upward direction. Velocity at
apoint s metre below the point of projection is twice of the velocity at a point ; metre
above the point of projection. find the maximum height reached by the ball above the top
of tower.

A) 2%2 B)3p C)(5/3)h D)@4/3) h

Sol. H=—:; givenv, =2y,
2g

(i) AtoB: v} =u’ —2gh

(i) Ato Cv; =u’ —2g(—h)

(i11) solving (1), (i1),(ii1) we get the value of ;2 as 10g/h/3 and then we get the value of H by

2

u

using =£

key-C



EX.80. A parachutist drops first freely from an aeroplane for 10 s and then his parachute

Sol.

opens out. Now he descends with a net retardation of 2.5 s . If he bails out of the plane

at a height of 2495 m and g =10 ms™, his velocity on reaching the ground will be

A) 5ms™ B) 10ms™ C) 15ms™ D) 20 ms™
The velocity v acquired by the parachutist after 10 s.
v=u+gt=0+10x10=100ms""

Then, $, =ut+%gt2 :0+%><10><102 =500m

The distance travelled by the parachutist under retadation is
s, =2495-500=1995 m

Let v, be the velocity on reaching the ground. Then v; —v? =2as,

or v —(100)" =2x(-2.5)x1995 orv, =5ms™'

key-A
EX.81. The velocity-time plot a particle moving on a straight line is shown in figure.
v(ms )
10—\
0 t(s)

Sol.

T
|
|
|
—10——————==2 |
|
[}
!

-20——————————-

A) The particle has a constant acceletration

B) The particle has never tuned around

C) The particle has zero displacement

D) The average speed in the interval O to 10 s is the same as the average speed in the interval 10 s to 20
S

Since the graph is astraight line, its slope is constant, it means acceleration of the particle is
constant.

Velocity of the particle changes from positive to negative at t=10s, so particle changes
direction at this time.

The particle has zero displacement up to 20 s, but not for the entire motion.

The average speed in the interval of 0 to 10 s is the same as the average speed in the internal of
10 s to 20 s because distance covered in both time interval is same. key-AD

EX.82. The displacement of a particle as a function of time is shown in figure. It indicates




A) The particle starts with a certain velocity, but the motion is retarded and finally the particle
stops

B) The velocity of the particle decreases

C) The acceleration of the particle is in opposite direction to the velocity

D) The particle starts with a constant velocity, the motion is accelerated and finally the particle

moves with another constant velocity. ] o ) o
Sol. Initially at orogin, slope is not zero, so the particle has some initial velocity but with time we

see that slope is decreasing and finally the slope necomes zero, so the particle stops finally.
key-ABC

EX.83. The displacement-time graph of a moving particle with constant acceleration is shown in
the figure. The velocity time graph is given by

x(m)
A
0 1 2 >Us)
v A ‘Y v
A) ‘ >t B) ' i C) >t D) >t
3 ‘1 2 0 1 5 0 1/ 2 0 1 2

Sol. At ¢ =0, slope of the x-t graph is zero; hence, velocity is zero at ¢ = (). As time increases, slope increases
in negative direction; hence, velocity increases in negative deirection. At point’I’, slope changes suddenly
from negative to positive value: hence, velocity changes suddenly from negative to positive and then
velocity starts decreasing and becomes zero at’2’, option ( A) represents all these clearly.

EX.84 The velocity-time graph of abody is given in figure. The maximum accceleration in ;>

is
v(ms )
A) 4 1
B) 3 oI !
02 20| —— i
D) 1 o Xt — ()
20 30 40 70

Sol. Maximum acceleration will befrom 30 to 40 s, because slope in this interval maximum
_v,—v,  60-20 A s

-t 40-30




EX.85. The velocity-time graph of a body is shown in figure. The ratio of magnitude of average
acceleration during the intervals OA and AB is

v(ms )
A)l “
B) 1/2
40H2 e <
|
C) 1/3 !
|
|
D) 3 30° E ! 609 %
o A B t(s)

: . 1 _
Sol. During 04, acceleration = tan 30° =$ms :

During 45, acceleration = —tan 60° = —/3 ms 2.

1/43 1

required ratio = 5 3

EX.86. The following graph shows the variation of velocity of a rocket with time. Then the
maximum height attained by the rocket is

v(ms™)
1000 -
120

0 10 oo ts)

A) 1.1 km B) 5 km C) 55 km D) None
Sol. Maximum height will be attained at 110 s. Because after 110 s, velocity becomes negative and
1

rocket will start coming down. Area from 0 to 110 s is EX”OXIOOO =55,000 m =55 km
key-C

EX.87. The velocity-time graph of a particle moving in a straight line is shown in figure. The
acceleration of the particle at ;1 =9 is

v(ms )

15 7;_'____ 7
10F-—1--

» ()

A) Zero B) 5ms™ D) -2 ms™>



Sol.

v,—=v, 5-15 )
Acceleration between 8 to 10 s(oratt=9s). 4= = ==5m/s

t,—t, 10-8
key-C

EX.88. A ball is dropped vertically from a height d above the ground. It hits the ground and

Sol.

bounces up vertically to a height % . Neglecting subsequent motion and air resistance, its

velocity v varies with height 4 above the ground as: [2004]

. .
~ :
A) // B) \\

h
VAL\\ VT
d > d _
C) / h D) )—/ﬂ > h

(1) For uniformly accelerated/decelerated motion

Vv’=u?+ 2gh

i.e., v— h graph will be a parabola Because equation is quadratiC).

(1) Initially velocity is downwards (—ve) and then after collision it reverses its direction with lesser
magnitude. Le., velocity is upwards (+ve). Graph A) satisfies both these conditions.

Therefore, correct answer is A).

Note that time ¢ = 0 corresponds to the point on the graph where 4 = d

VA

VA
att=0,h=d

2 .
d 1 — 2: increases
) h downwards
At 2 — velocity changes
Collision takes its direction
place here 2 2 — 3V decreases upwards



JEE MAIN PREVIOUS YEAR QUESTIONS
MOTION INASTRAIGHT LINE

TOPIC-1 ....Distance, Displacement & Uniform Motion

1.

sol.

sol.

A particle is moving with speed v = by/x along positive x-axis. Calculate the speed of the
particle at time t = t(assume that the particle is at origin at t = 0).
[12 Apr. 2019 1]

b2r

@ 2 () - () b’z () =

4

(b) Given,v= by/X

ordx/ dt = bx®?
X t
or Ix’l’zdx = Ibdt
0 0
or x¥? [ (1/2) =6t

b%t?
orx=

Differentiating w. r.t. time, we get

dx  b?%x2t
—=——(t=1)
dt 4

2r
or v=—

2

All the graphs below are intended to represent the same motion. One of them does it incorrectly.
Pick it up.
[2018]

distance velocity position

velocity
(@) E (b) (©) : (d)

(b) Graphs in option (c) position-time and option (a) velocity-position are corresponding to
velocity-time graph option (d) and its distance-time graph is as given below. Hence distance-time
graph option (b) is incorrect.



1stance
r 3

time

3. A car covers the first half of the distance between two places at 40 km/h and other half at 60
km/h. The average speed of the car is [Online May 7, 2012]
(@) 40 km/h (b) 45 km/h (c) 48km/h (d) 60km/h
sol.  (c) Average speed = TOta;:tthli?;ittf;:;ned = %
X
= <— = 48km/h

X
7% 40 T 2% 60

4. The velocity of a particle is v = v, + gt + ft2. If its positionis x = 0 at t = 0, then its
displacement after unit time (t = 1) is [2007]
@ vo+gl2+f (b) vo+2g+3f () vo+gl2+fI13 d) vo+g+f

sol.  (c) We know that, v = %
= dx = vdi

Integrating, foxdx = fotvdt

2 3qt
or x = [[(vy+ gt + ft?)dt = [vot +£+fi]
2 3 1p
2 3
or, x = vot+£+}l
2 3
At t=1, x=vo+g+Z
2 3
5. Aparticle located at x = 0 at time t = 0, starts moving along with the positive x-direction with

a velocity’v’ that varies as v = a+/x. The displacement of the particle varies with time as [2006]
(a) ¢? (b) t (c) ¢/ (d) ¢
sol. (a) v=avx,
dx dx
= Fri (X\/} = \/_E = adt

Integrating both sides,

*dx N .
Lﬁ_a,[odt’lTo_a[t]o



2
:>2\/§:at:>x:a7t2

TOPIC-2 ....Non-Uniform Motion

6. The velocity(v) and time (t) graph of a body in a straight line motion is shown in the figure. The
point S isat 4.333 seconds. The total distance covered by the body in 6 s is:
[05 Sep. 2020 (11)]

A_B
v (m/s) ;:I/_\
[ S D — t(ins)

724'1'2521\5/6
C

@—m (b) 12 m (©)11lm (d) 47? m
sol. ()

wm/s) 2
T 0 S D >0

0|1 23 4\5/6
-2
C

05—4+1—13
N 3 3
5

SD =2 1_
B 3 3

Distance covered by the body = area of v-t graph = ar(0ABS) + ar (SCD)
1/13 5 32 5 37

1
=-(— X4+-XoX2="F-=—
2<3+1) dtoxgX2=gtz=3m

8. The distance x covered by a particle in one dimensional motion varies with time t as x? =
at? + 2bt + c. If the acceleration of the particle depends on x as xn, where n is an integer, the
value of nis .
[NA 9 Jan 2020 1]

sol.  (3) Distance X varies with time t as x? = at? + 2bt + ¢

dx
= 2x— = 2at + 2b
dt

dx dx (at+Db)
>x—=at+b>—=
dt dt X




sol.

10.

sol.

dt? dt
o _a-(B) (Y
dt? X x

_ax?*—(at+b)*> ac—b?

x3 x3

= axx3 Hence, n =3

Abullet of mass 20g has an initial speed of 1 m/s, just before it starts penetrating a mud wall
ofthickness 20 cm. Ifthe wall offers a mean resistance of 2.5 x 1072N, the speed ofthe bullet after
emerging fi;om the other side of the wall is close to: [10Apr. 2019 1]

(@ 0.1 m/s (b) 0.7 m/s (c) 0.3 m/s (d) 0.4 m/s

(b) From the third equation of motion

v? —u? = 2aS

But, a = F/m
F
v2=u2—2(—>5
m
L v (192 (2| 25X 107 20
Vo= 20 x 10-3 | 100
1
>vi=1—-=
v 2

1
=>v=-—m/s =0.7m/s

V2
The position of a particle as a function of time ¢, is given by x(t) = at + bt? — ct3
where, a, b and c are constants. When the particle attains zero acceleration, then its velocity
will be:

b? b? b? b?
(a)a+4—c (b)a+§ (C)a+7 (d)a-l‘z
(b) x = at + bt? — ct3

i _ax_ 4 2 3
\elocity, v = i (at + bt* + ct?)
= a + 2bt — 3ct?
d

. g _4a _ 2
Acceleration, = (a + 2bt — 3ct*?)

or 0=2b—3cx2t - t=(£)

and v=a+ 2b (%) —3c (3%)2



11.  Aparticle starts fi;om origin O from rest and moves with a uniform acceleration along the
positive x-axis. Identify all figures that correctly represents the motion qualitatively
(a =acceleration, v =velocity,x =displacement, t =time)
[8 Apr. 2019 1]

1 X
B) v * (D)
(A) a ©)
0] t 0] t
(a) (B), (C) (b) (A) (c) (A), (B), (C) (d) (A), (B), (D)

sol.  (d) For constant acceleration, there is straight line parallel to t-axison a —t.
Inclined straight lineon v —t , and parabolaon x —t.

12.  Anparticle starts from the origin at time t = 0 and moves along the positive x-axis. The graph of
velocity with respect to time is shown in figure. What is the position of the particle at time t = 5s?
[10 Jan. 2019 1]

I
I

O pFr=—p==p==p=—==
I

-~
2]

I
L L L

I

I

1

I

--r=-t--r----

I

et IR [
I
I

y

—_
[=}
—

~
w

—

(@10 m (b) 6 m (¢) 3m (d) 9m
sol.  (d) Position of the particle,
S = area under graph (time t =0 to 5s)

1
=Ex2x2+2x2+3x1=9m

13. In a car race on straight road, car A takes a time t less than car B at the finish and passes
finishing point with a speed v more than of car B. Both the cars start from rest and travel with
constant acceleration a; and a, respectively. Then v is equal to:

[9 Jan. 2019 11]

@) Skt (b) y2aza;t (©) Varazt (d) ==

aitas

sol.  (c) Let time taken by A to reach finishing point is t, Time taken by B to reach finishing point
= tO +t

\ 4




14.

sol.

15.

u=20
Va = a1t
vg = a,(to + 1)
Vpo—Vg =V
=>v=aty—a,(ty +t) = (a; —ay)ty — a,t... (i)

2 1 2
Xg = Xp = Ealto = Eaz(to + t)

= fa,t0 = Ja,(to + )
= (Var —/az)to = azt
VAt
Vag —+a;

>t =

Putting this value of't, in equation (i)
( ) vapt
v=(a; —a) ————
! 2 vaip —vaz
= (1/31 + 4/ 32)1/32t - azt =4/ alazt + azt - azt

a,t

or, v= \/alazt

An automobile, travelling at 40 km/h, can be stopped at a distance of 40 m by applying brakes.
If the same automobile is travelling at 80 kmph, the minimum stopping distance, in metres, is
(assume no skidding)

[Online Aprill5, 2018]

(@ 75m (b) 160m (c) 100m (d) 150m
(b) According to question, u; =40 kmni, v; =0 and s; = 40m

using v? —u? = 2as; 0% — 40% = 2a x 40 (i)

Again, 02 — 802 = 2as (ii)

From eqn. (i) and(ii)

Stopping distance, s = 160m

The velocity-time graphs of a car and a scooter are shown in the figure. (i) the difference between
the distance travelled by the car and the scooter in 15 s and (ii) the time at which the car will
catch up with the scooter are, respectively

[Online Aprill5, 2018]

A Car B

iF
i Scooter
:

Velocity (ms ™) —

0 ic

D

0510152025



sol.

16.

sol.

Timein (s) »

(@) 337.5mand 25 s (b) 225.5mand 10 s
(b) 112.5m and 22.5 s (d)112.5mand 15 s

(c) Using equation, a = ? and S =ut + %at2

Distance travelled by car in 15 sec = %% (15)2
_ 675
= 2 m

Distance travelled by scooter in 15 seconds = 30 x 15 = 450 (distance =speed Xxtime)
Difference between distance travelled by car and scooter in 15 sec, 450 — 337.5 = 112.5m
Let car catches scooter in time t;

675

— + 45(t — 15) = 30t

337.5 +45t— 675 = 30t = 15t =337.5

= t = 22.5sec

A man in a car at location Q on a straight highway is moving with speed v. He decides to reach a
point P inafield at a distance d from highway (point M) as shown in the figure. Speed of the
car in the field is half to that on the highway. What should be the distance RM, so that the time
taken to reach P is minimum?
[Online Aprill5, 2018]

P

!

!

Q > R M
(8 = (b) 5 © = (d) d

(@) Let the car turn of the highway at a distance x from the point M. So, RM = x
And if speed of car in field is v, then time taken bythe car to cover the distance QR = QM —
x on the highway,

_ QM-x .
1=, ()
Time taken to travel the distance RP’ in the field
2 2
t, =L (i)
v
— vV d2 2
Total time elapsed to move the car from Q to Pt = t; + t, = o= 4 Y&+

2v v



17.

sol.

18.

.. dt
For’t’ to be minimum — =0
dx

1[1+ X —0
vl 27 Vaz szl

P

I

R M
or x=—-2_-2
TV

Which graph corresponds to an object moving with a constant negative acceleration and a positive

velocity?
[Online April 8, 2017]

@ ® [ © @
Velocity Velocity Velocity Velocity
Time Time Distance Distance

(c) According to question, object is moving with constant negative acceleration
i.e., a = — constant (C)

vdv_ C
dx
vdv =-Cdx
v2 v:  k
?——CX+1{ X——E‘FE

Hence, graph (3) represents correctly.

The distance travelled by a body moving along a line in time ¢ is proportional to ¢3. The
acceleration-time (a,t) graph for the motion of the body will be
[Online May 12, 2012]



sol.

19.

sol.

(a) (b)

\J

14

Q—p
Qe

© (@D

> >
{—» {—»

(b) Distance along a line i.e., displacement (s) = t3 (s « t3 given)
By double differentiation of displacement, we get acceleration.

ds dt3
=—=—=3t2and a=—=
dat  dt dt dt

dv _ d3t? _

|4 = 6t

a=6t or axt
Hence graph (b) is correct.

The graph of an object’s motion (along the x-axis) is shown in the figure. The instantaneous
velocity of the object at points A and B are v, and v respectively. Then
[Online May 7, 2012]

x(m)

Tis

1o —
S
0
@ v, =vg =0.5m/s (b) vy =0.5m/s < vg
(¢) vy =0.5m/s > vg (d) vy =vg =2m/s

. A
(a) Instantaneous velocity v = A—’Lf

From graph, v, = % = ‘;—T = 0.5m/s
A
and vy = 2 _ Bm 0.5m/s

Atg  16s



20.

sol.

21.

sol.

i.e., vy =vg =0.5m/s

An object, moving with a speed of 6.25m/s, is decelerated at a rate given by % = —2.5Vv

where v is the instantaneous speed. The time taken by the object, to come to rest, would be:
[2011]
@2s (b)4 s ()8 s d1s

(a) Given, % = -2.5Vv

v
= — = —-2.5dt
Vv

0 1 t
I vy = —2.SI dt
i 6.25 0
Integrating,

v+1/2
(/2)

= —2(6.25)1/,= —2.5¢
=> —2X25=-25t¢t
=>t=25

=

0
l = —2.5[t]}
625

Abodyisatrestat x = 0. At t = 0, it starts moving in the positive x-direction with a constant
acceleration. At the same instant another body passes through x = 0 moving in the positive
x-direction with a constant speed. The position of the first body is given by x,(t) after time ‘t’;
and that of the second body by x,(t) after the same time interval. Which of the following graphs
correctly describes (x; — x,) as a function of time ‘t’?

[2008]
(x;—x,) (x,—x,) (- x5) (o —x5)

(a) L~/’/// ! (b) F‘*”// () Jf”'_“\\ L) 7 ,

7 ° N\

(b) For the body starting from rest, distance travelled (x;) is given by

1 .
x1=0+§at

1
= X =Eat2



22.

22.

X=X

via
: t

For the body moving with constant speed

x2=vt
X, — Xy =Eat2—vt

at t:0, xl—x2=0
This equation is of parabola.

For < Z ; the slope is negative
For = Z ; the slope is zero

For > Z ; the slope is positive

These characteristics are represented by graph (b).

A car, starting from rest, accelerates at the rate f through a distance S, then continues at constant
speed for time t and then decelerates at the rate g to come to rest. If the total distance traversed is

15 S, then
[2005]

(8) S == ft? (b) S =ft (c) S =+ft? (d) §=—ft?
(d) Let car starts from A from rest and moves up to point B with acceleration f.
Distance, AB =S = %ftlz

Distance, BC = (fty)t
u? (ft1)?

i = — = = 2 =
Distance, CD = 28 = 20/ fti =28
1o ¢z
I3 t 26
) 158 i

Total distance, AD = AB + BC + CD = 15S
AD =S+ BC+2S



= S+ ft;t + 25 =158
= fe,t =125 (i)

onbe(y <2

23.  Aparticle is moving eastwards with a velocity of 5 ms™. In 10 seconds the velocity changes to 5
ms~1 northwards. The average acceleration in this time is

[2005]
(a) %ms"z towards north (b) \/%ms_z towards north- east
(©) \/%ms_z towards north- west (d) zero
sol. (¢) v,
N
— R— —_— r 3
Av =v,y +(-v))
W < _900 — »
! Vi
v
Ry

Initial velocity, v; = 51,
Final velocity, v, = 5j,
Change in velocity 4v = (v, — 1)

= \/vlz + v2 + 2v,v, cos 90

=52+ 52 +0 = 5V2m/s
[As |v4| = |v,| = 5m/s]

. A
Avg. acceleration = Tv

5v2 1
— \/_z_m/sz

10 2

5
tang = — = -1

which means 6 is in the second quadrant. (towards north-west)



24, The relation between time t and distance x is t = ax? + bx where a and b are constants. The
acceleration is
[2005]
(@) 2bv3 (b) —2abv? (c) 2av? (d) —2av?
sol.  (d) Given, t = ax? + bx;
Diff. with respect to time(t)

d d dx dx
— — g — (x2 - = -
dt(t) adt(x )+bdt a.2x It + b.v.

= 1 = 2axv + bv = v(2ax + b) (v =velocity)

1
2ax+ b =-—
v
Again differentiating, we get
) dx 40— 1dv
T 2t
W a3 (=
>a ol 2av ( p” v)

25.  Anautomobile travelling with a speed of 60 km/h, can brake to stop within a distance of 20m. If
the car is going twice as fast i.e., 120 km/h, the stopping distance will be

[2004]
(@ 60m (b) 40m (¢) 20m (d) 80m
sol.  (d) In first case speed,
60 x 5 50
u= 18 m/s = 3 m/s
d = 20m,
Let retardation be a then
0-u?=-2ad
or u? =2ad ...(0)
In second case speed, u' = 120 X %
100
= m/s

and 0—u'? = —-2ad’
or u'? =2ad’ ... (i0)
(ii) divided by (i) gives,

4=%=>d ‘= 4 %20 =80m

26.  Acar, moving with a speed of 50 km/hr, can be stopped by brakes after at least 6 m. If the same



car is moving at a speed of 100 km/hr, the minimum stopping distance is
[2003]

(@ 12m (b) 18m (c) 24m (d) 6m

sol.  (c) Fir first case : Initial velocity,
5
u=>50x 1—8m/s,
v=0,s=6ma=a
Using, v? —u? = 2as

2

=>02—(50><5> =2Xaxé6
18) ~°7¢

2

5
=>—(50><E> =2XaXxX6

250 x 250
324 X2X6
Case-2 : Initial velocity, u = 100km/hr

2

a= = —16ms™~.

5
=100 x 1—8m/ sec

v=0,,s=s, a=a

As v? —u? = 2as
2

Y (100x5) = 2as
18) ~ ¢

2

5
=>—(100><—) =2x%x(-16) x5

18
500 x 500
~3zax32 oM™
27. If a body loses half of its velocity on penetrating 3 cm in a wooden block, then how much will it
penetrate more before coming to rest?
[2002]
@ 1lcm (b) 2cm (c)3cm (d) 4cm.

sol.  (a) In first case
u
U = UV =3, §1 = 3 cm, a; =?

Using, vZ —u? = 2ays; (i)

u _
(_) _ y2=2%ax3

—u?

=> a=8
In second case: Assuming the same retardation



28.

sol.

2
u, =ul2;v, =0;=7a, =5

=>s,=1cm

Speeds of two identical carsare u and 4u at the specific instant. The ratio ofthe respective
distances in which the two cars are stopped from that instant is

[2002]
@1:1 (b)1:4 (c)1:8 (d)1:16
(d) For first car
u=u, v,=0 a,=-a, s; =5
As vZ —u? = 2a,s,
= —u?=-2as,

= u? = 2as;
= s; =u/2a (i)
For second car
U, =4u, v; =0, a, =—a, s, =5,
vZ —ui = 2a,s,
= —(4u)? = 2(—a)s,
= 16u? = 2as,

2
= s, =8% (ii)

Dividing(i) and(ii),

TOPIC-3 .....Relative Velocity

29.

sol.

Train A andtrain B are running on parallel tracks in the opposite directions with speeds of 36
km/hour and 72 km/hour, respectively. A person is walking in train A in the direction opposite
to its motion with a speed of 1.8 km/hour. Speed (in ms™1) ofthis person as observed from train
B will be close to : (take the distance between the tracks as negligible)

[2 Sep. 2020 (1]

(@) 29.5 ms~?! (b) 28.5 ms™?! (c) 31.5 ms~1d (d) 30.5 ms?!

(a) According to question, train A and B are running on parallel tracks in the opposite direction.



36 km/h

1.8 km/h ]
<« 4 >
O 0O 0O 0O
V, = 36km/h = 10m/s

72k

€ B
m/h

@) @)

Vg = —72 kimh = —-20m/s
Vya = —1.8knyh = —0.5m/s
Viman,g = Vmana *+ Va
=V +V-V=-05+10-(-20)
man,AAB
= —0.5+ 30 = 29.5m/s.

30.  Apassenger train of length 60 m travels at a speed of 80 km/hr. Another freight train oflength
120 m travels at a speed of 30 km/h. The ratio of times taken by the passenger train to
completely cross the freight train when: (i) they are moving in same direction, and (ii) in the
opposite directions is:

[12 Jan. 2019 I1]

1 5 25
(8 = (b) = CF (d) =
sol. ()
31.  Aperson standing on an open ground hears the sound of a jet aero plane, coming from north at an
angle 60° with ground level. But he finds the aero plane right vertically above his position. If v

is the speed of sound, speed of the plane is:
[12 Jan. 2019 I1]

@ Sv (b) 2 © v OF
sol. (d)
Q Jp P
60"

R (Observer)
Distance, PQ = v, x t (Distance =speed xtime) Distance, QR = V.t

P
cos 60° = —Q

QR



32.

sol.

33.

sol.

34.

1 vy, Xt \"
:vp=§

2 V.t
A car is standing 200 m behind a bus, which is also at rest. The two start moving at the same
instant but with different forward accelerations. The bus has acceleration 2 m/s? and the car has
acceleration 4 m/s?2. The car will catch up with the bus after a time of:
[Online April 9, 2017]
(a) V110s (b) v/120s (c) 10+/2s (d) 15 s
(c) — 4m/sec? — 2m/sec?

Car Bus
[ [ ]

200 m
Given, uc = ug =0, ac = 4m/s?, ag = 2m/s?
hence relative acceleration, acg = 2m/sec?

1
Now, we know, s = ut + Eat2

200=§x2t2 u=0

Hence, the car will catch up with the bus after time t = 10v/2 second

A person climbs up a stalled escalator in 60 s. If standing on the same but escalator running with
constant velocity he takes 40 s. How much time is taken by the person to walk up the moving
escalator?

[Online Aprill2, 2014]

@37 s (b) 27 s ()24 s (d)45 s

. o1
(c) Person’s speed walking only is 50

Standing the escalator without walking the speed is %

Walking with the escalator going, the speed add.

.1 1 15
So, the person’s speed is — + — = —
60 40 120

So, the time to go up the escalator t = %0 = 24 second.

A goods train accelerating uniformly on a straight railway track, approaches an electric pole
standing on the side of track. Its engine passes the pole with velocity u and the guard’s room
passes with velocity v. The middle wagon of the train passes the pole with a velocity.
[Online May 19, 2012]



u2+v2

( \
(a) =~ (b) SVuZ +v? (©) vuv (d) .

Sol. (d) Let S be the distance between two ends a be the constant acceleration
As we know v? —u? = 2aS$

v —u?

Or aS=
Let v be velocity at mid point.

S
Therefore, v? —u? = 2a3

5 " UZ_uZ
vi=u
2
u? + 2
v, = 5

TOPIC-4 ....Motion Under Gravity

35.  Ahelicopter rises from rest on the ground vertically upwards with a constant acceleration g. A
food packet is dropped from the helicopter when it is at a height h. The time taken by the packet
to reach the ground is close to [g is the accelertion due to gravity] :

[5 Sep. 2020 (1)]

@ t=2 (%) (b) t = 1.8\/% (c) t =34 (g) dt= |2

g 39
sol.  (c) For upward motion of helicopter,
v? =u? +2gh=v?=0+2gh=>v=,/2gh
Now, packet will start moving under gravity.
Let ’t’ be the time taken by the food packet to reach the ground.

= ut + = at?
s=ut+za
1 1
= —-h= JZght—Egtzizgtz—ﬂzght—h:()

J2gh+ /2gh+4x§xh

g
2><2

or, t=\/?+h(1+\/§)=>t=\/%(1+\/§)

or, t =




or, t = 3.4\/E
g

36.  ATennis ball is released from a height h and after freely falling on a wooden floor it rebounds
and reaches height g The velocity versus height of the ball during its motion may be represented

graphically by: (graph are drawn schematically and on not to scale)
[4 Sep. 2020 (1]

v v
hi2 hi2
(a) h(v) (b)
h h
v v
h h
(c)*%- h(v) (d) @-hm

sol.  (c) For uniformly accelerated/ deaccelerated motion :
v? =u? 4+ 2gh
As equation is quadratic, so, v-h graph will be a parabola

h(v)

Vi
att=0, h=d
2 .
d 1 — 2: ¥ increases downwards
3 7 h 2 velocity changes its direction
2 — 3:¥ decreases upwards
collision
takes |2
place

Initially velocity is downwards (-ve) and then after collision it reverses its direction with lesser
magnitude, i.e. velocity is upwards (4+ve) .

Note that time t = 0 corresponds to the point on the graph where h = d.

Next time collision takes place at 3.

37.  Aballisdropped from the top of a 100 m high tower on a planet. In the last %s before hitting

the ground, it covers a distance of 19 m. Acceleration due to gravity (in m/s 2) near the surface on
that planet is .
[NA 8 Jan. 2020 1]

sol. (08.00) Let the ball takes time t to reach the ground



38.

sol.

Using, S = ut + %gt2
1
>5S=0xt+ Egt2
= 200 = gt? [2S =100m] =t = /2% (i)
In last %s, body travels a distance of19 m, so in (t - i) distance travelled = 81

Now, %g(t —%)2 =81

1

1_ %(\/200 — /81 x 2) using (i)

= Jg =2(10v2 — 9V2)
= Jg=2V2

g = 8mls?

Abody is thrown vertically upwards. Which one of the following graphs correctly represent the
velocity vs time?
[2017]

TI\\ ‘l‘l\\/
v v
@) | \ T— (®) | T—

'l‘|/\ 1
© ) t— S i \ t—
| <

(a) For a body thrown vertically upwards acceleration remains constant (a = —g)

and velocity at anytime t isgivenby V =u — gt

During rise velocity decreases linearly and during fall velocity increases linearly and direction is
opposite to each other.

Hence graph (a) correctly depicts velocity versus time.



39.

sol.

40.

sol.

Two stones are thrown up simultaneously from the edge of a cliff 240 m high with initial speed
of10 m/s and 40 m/s respectively. Which of the following graph best represents the time
variation of relative position of the second stone with respect to the first?

(Assume stones do not rebound after hitting the ground and neglect air resistance, take g =
10m/s?)

[2015]

(The figures are schematic and not drawn to scale)

A n

(a) (y,—yp)m (b)  |@-y)m
20 E 0|2 :
é 12 >1(s) 8 12 >1(s)
N
2aop 2000 2aph 02 D™
() (d)
- 12 >1) 12 > 1(s)

(b) y; = 10t — 5t?;y, = 40t — 5t? for y; = —240m, t = 8s
y, —y; = 30t for t < 8s.
for t > 8s,

1

From a tower of height H, a particle is thrown vertically upwards with a speed u. The time taken
by the particle, to hit the ground, is n times that taken by it to reach the highest point of its path.
The relation between H, u and n is:

[2014]

(@) 2gH = n%u? (b) gH = (n—2)?u?d (c) 2gH = nu? (n-2) (d) gH = (n — 2)u?

(c) Speed on reaching ground
v =+u?+2gh

ﬂ:
Now, v =u+ at

= Ju?+2gh=-u+gt
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sol.

u
Time taklen to reach highest pointis f =—,
g

u+1fu2 +2gH  nu

g g
(from question)

= 2gH=nn-2)u?

==

Consider a rubber ball freely falling from a height h = 4.9m onto a horizontal elastic plate.
Assume that the duration ofcollision is negligible and the collision with the plate is totally elastic.
Then the velocity as a function of time and the height as a function of time will be :

[2009]

MI ........................
(b) ON & %W%\"

(c) 0 e hm
a4 f

(b) For downward motion v = —gt
The velocity of the rubber ball increases in downward direction and we get a straight line between
v and t with a negative slope.

=

Also applying y —y, = ut + %at2

1 1
~h=-=gt’ = y=h-=gt?
y 29 y 29

The graph between y and t is a parabolawith y =h at t = 0.

As time increases y decreases.

For upward motion.

The ball suffer elastic collision with the horizontal elastic plate therefore the direction of velocity
is reversed and the magnitude remains the same.

Here v = u — gt where u is the velocityjust after collision.

As t increases, v decreases. We get a straight line between v and t with negative slope.
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sol.

43.

Sol.

Also y=ut —% gt?

All these characteristics are represented by graph (b).

A parachutist after bailing out falls 50m without friction. When parachute opens, it decelerates at 2
m/s?. He reaches the ground with a speed of 3 m/s. At what height, did he bail out?
[2005]
(@) 182 m (b) 91 m (c)111m (d) 293m
(d) Initial velocity of parachute after bailing out,
u=,/2gh
U =v2x98x50 = 145

The velocity atground v=3 m/s

_v?—u? 32-980

X2 - g4~ 44sm

Initially he has fallen 50 m.
Total height from where he bailed out = 243 + 50 = 293m

A ball is released from the top of a tower of height h meters. It takes T seconds to reach the ground.

What is the position of the ball at g second

[2004]
@ % meters from the ground (b) % meters from the ground
(© % meters from the ground (d) % meters from the ground

(a) We have s = ut + %gt2

= h=0xT+gT?

= h= %gT2
Vertical distance moved in time g is
1 (T\? gT? h
SORYE A
29\3 9
__8h
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sol. (b)

From abuilding two balls A and B are thrown such that A is thrown upwards and B downwards
(both vertically). Ifv, and vg are their respective velocities on reaching the ground, then
[2002]

(@) vg >y, (b) vy =vp () va>vp

(d) their velocities depend on their masses.

I iLt
h

I7I7T7777 77777

Ball A is thrown upwards with velocity u from the building. During its downward journey when
it comes back to the point of throw, its speed is equal to the speed of throw (u) . So, for the
journey of both the balls from point A to B.

We can apply v? —u? = 2gh.

As u, g, h are same for both the balls, v, = vy




1y
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Chapter 4 -- MOTION I N A PLANE

Relative Velocity
If body A is moving with a velocity Iu}A w.r.t. ground and body B is moving with velocity Iu}B W.r.t.
ground then

The relative velocity of body 'A' w.r.t. 'B' is given by \IZAB = \IZA—{/B

The relative velocity of body 'B' w.r.t. 'A' is given by {/B 4 = V-V,

Both {/A -{/B and {/B -{/A are equal in magnitude but opposite in direction.

. L r r
Vi =V and [V, [=[V,, =V, 24V, -2V, V,cos
For two bodies moving in same direction, magnitude of relative velocity is equal to the difference
1 1
of magnitudes of their velocities. (=0, cos 0=1) - VAB‘ZVA—VB, Vs A‘ZVB -V,

For two bodies moving in opposite directions, magnitude of relative velocity is equal to the sum
of the magnitudes of their velocities. (6=180°; cos 180° =-1)

1 1
Vas| = sa|=Vs + Vs

Relative displacement of A w.r.t. B is

1 1

X, = X o — X e Where X, = displacement of ‘A’ w.r.t ground

and )1( »c = displacement of ‘B’ w.r.t ground

1

Relative velocity of A w.r.t. B is I}A 5 = Vv ¢ —Vie

A
R 1 . 1 . fA B . I _ I I
elative acceleration of Aw.rt. Bis a,, =a,; —a,,

Two trains of lengths /, and /, are moving on parallel tracks with speeds v,and v, (v, >V,)

w.r.t ground. The time taken to cross each other

. . . . — Srel — 11 +12
when they move in same direction is t = V. vov.
el V17 V2
Srel 11 +12

when they move in opposite direction is & = Y

rel

v, TV,

Application:
Relative Motion on a moving train
If aboy in a train is running with velocity f} »r Telative to train and train is moving with velocity

IL}TG relative to ground, then the velocity of the boy relative to ground IL} s Will be given by

u u

Ve =Ver+Vrc



u u

So, if boy in a train is running along the direction of train. [‘} se =Ver +Vic
If the boy in train is running in a direction opposite to the motion of train, then

Ve =Ver—Vric

EX.1: When two objects move uniformly towards each other, they get 4 metres closer each second
and when they move uniformly in the same direction with original speed, they get 4 metres
closer each Ss. Find their individual speeds.

Sol. Let their speeds be v, and v, and let v, >v,.
In First case :

4
Relative velocity, Vv, TV, =T=4m/s (1)

In Second case:

4
Relative velocity =V, -V, = 3 =0.8m/s...(2)

1 1

solving eqns.(1) and (2), weget v, =2.4ms™",v, =1.6ms"

EX.2: A person walks up a stationary escalator in time t, . If he remains stationary on the escalator,
then it can take him up in time t,, How much time would it take for him to walk up the
moving escalator?

Sol. Let L be the length of escalator .

L
Speed of man w.r.t. escalator is YMe — T
1
L
Speed of escalator Ve — T
2

1
Speed of man with respect to ground would be Vv = Vme Tvg = L(t_ +t—}
1 2

t = L = L.
vy LT
EX.3: Two ships A and B are 10km apart on a line running south to north. Ship A farther north
is streaming west at 20km/h and ship B is streaming north at 20km/h. What is their distance

of closest approach and how long do they take to reach it?

. The desired time is

Sol.
Vy =20km/ h
Al ¢
: 10km V s
S 0
V 5 = 2052km / h T
45°

~V =20 km/ h



np

Velocity of B relative to A is |7 = Vv 5 — Vv 4

o
\VBA

= (20)* +(20) = 20v2km / h
ie., [L; 51 18 204/2 km/h at an angle of 45° from east towards north.

UL
A is at rest and B is moving with 7/, in the direction shown in Fig.

Therefore the minimum distance between ships

1
— |tom = 5v2km
\/Ej

BC 5V2 1

W:mzih:wmin

S = AC = ABsin45’ =10(

min

and time taken is '~

Rain umbrella Concept

If rain is falling with a velocity ; »and man moves with a velocity [L} 4, Telative to ground, he will
observe the rain falling with a velocity ; M= Ib/l: — IL/ILV

Case - I : If rain is falling vertically with a velocity ; » and an observer is moving horizontally

. . w . . . .
with velocity /), then the velocity of rain relative to observer will be :

The magnitude of velocity of rain relative to man is ~ V,,, =+/V; +V;

If o is the angle made by the umbrella with horizontal, then, tan o = 143

M

If g is the angle made by the umbrella with vertical, then, tan g = Y
VR

Case - I : When the man is moving with a velocity V), relative to ground towards east(positive
x-axis), and the rain is falling with a velocity [L} » relative to ground by making an angle 9 with

1
vertical(negative z-axis). Then the velocity of rain relative to man V,,, is as shown in figure.



1 A A 1
Ve =Vi 1 _VRka Vier = Vil
Vv, -V
and tan g = S (2)

v
\Rﬂil VRy

) B

2~ Y

Case - I11 : If the man speeds up, at a particular velocity Il} u,, therain will appear to fall vertically

uuu

u u u
with Vgy,, then Vew, =V —V,, asshown in figure.

Case - IV : If the man increases his speed further, he will see the rain falling with a velocity as
shown in figure.




EX.4: Rain is falling vertically with a speed of 20ms'., A person is running in the rain with a

velocity of 5 ;5! and a wind is also blowing with a speed of 15 ;¢! (both from the west)
The angle with the vertical at which the person should hold his umbrella so that he may not

get drenched is :
Sol. I5Ram = IL/H: = 20(—%)

1 1 n 1 1 ~
Viin =V =51, Voo =V =151
1 A A
Resultant velocity of rain and wind is V,,, =20k +15 i
1

Now, velocity of rain relative to man is V,, — II/M = (-207; + 15;) - (5;) = 20k +107

vertical

—20k

+107

Tanoz:l:wz:Tan_'l
2 2

EX.5: To a man walking at the rate of 3km/h the rain appears to fall vertically. When he increases
his speed to 6km/h it appears to meet him at an angle of 45° with vertical. Find the angle
made by the velocity of rain with the vertical and its speed.

Em VR
Sol : “«— 33— «—3—>
— 6 —>

=V =3kmph
. )3 ;
From the diagram Tan45" = ; --------- @ and Tan0 = e )
a3 L3
From (1) and (2) g = 45° = -~ S0 AN A

V., =3\ 2kmph
EX.6: Rain is falling, vertically with a speed of 1m/s .Wind starts blowing after sometime with

a speed of 1.732 m/s in east to west direction.In which direction should a boy waiting at a
bus stop hold his umbrella.?

% N

W



Sol. If R is the resultant of velocity of rain (V) and velocity of wind ('V,;) then
R =v2+v? =/1P+(1.732) ' ms" = 2ms"
Ve _ V3

The direction @ that R makes with the vertical is given by tanf = v 1 =60 Therefore,

the boy should hold his umbrella in the vertical plane at an angle of about g(° with the vertical

towards the east.

EX.7: Rain is falling vertically with a speed of 1m/s . A woman rides a bicycle with a speed of
1.732 m/s in east to west direction. What is the direction in which she should hold her
umbrella ?

Sol. InFig. v, represents the velocity of rain and v, , the velocity of the bicycle, the woman is riding.

Both these velocities are with respect to the ground.Since the woman is riding a bicycle, the
velocity of rain as experienced by

here is the velocity of rain relative to the velocity of the bicycle she is riding. Thatis v, =v, -v,

This relative velocity vector as shown in Fig. makes an angle g with the vertical.lt is given by

v
Tano=—b = Y3 o600
\% 1
r
Therefore,the woman should hold her umbrella at an angle of about 60° with the vertical towards
the west.

|||’ Motion of a Boat in the River
Boat motion is classified into three categories based on angle between Vg, and Vj they are

1) Down stream (0=0°):

VBR
MWV,




Resultant velocity of the boat = V, +V,
The time taken for the boat to move a distance 'd’ along the direction of flow of water is.

2) Up stream (9=180°):
Resultant velocity of the boat = V,, -V,
The time taken for the boat to move a distance ‘d’ opposite to the direction of flow of water is.

, L Ver=Ve
From equation (1) and (2) =7, 7/
2 BR R

time taken by person to go down stream a distance 'd’ and come back is

d d
T=t+t,= +
VBR + VR VBR - VR
3) General approach :

Suppose the boat starts at point A on one bank with velocity V. and reaches the other bank at
point D

Cc Vr B D
2
o
Q
I >§
d 7312 ﬂr
l 0

Virsin @ A
The component of velocity of boat anti parallel to the flow of water is V. sin g
The component of velocity of boat perpendicular to the flow of water is V. cos g

d
The time taken by the boat to cross the river is, ! = V,uc0s 0

Along the flow of water, distance travelled by the boat (or) drift is x = (V,, =V, Sin0)t
x=W,—-V,.sin0) _d

fooo R VyecosO
(a) The boat reaches the other end of the river to the right of B if V>V sin g

(b) The boat reaches the other end of the river to the left of Bif V, <V sin g
(c) The boat reaches the exactly opposite point on the bank if V., =V sin g



Motion of a Boat Crossing the River in Shortest Time
B V. C

VBR
A d

A

u u
If Vgr, Vi are the velocities of a boat and river flow respectively then to cross the river in
shortest time, the boat is to be rowed across the river i.e., along normal to the banks of the river.

1) Time taken to cross the river, t:V_ where d = width of the river. This time is independent of
BR

velocity of the river flow

ii) Velocity of boat w.r.t. ground has a magnitude of V=V, ’+V,’

v
o]
ii1) The direction of the resultant velocity is 6 =tan (_Rj with the normal.
BR
_ d
iv)The distance (BC) travelled downstream =V V_ is called drift
BR

Motion of a Boat Crossing the River in Shortest Distance

c V., B
Vir d
e l

A

1) The boat is to be rowed upstream making some angle 'Q with normal to the bank of the river

which is given by 0=sin" (\\//—Rj

BR

i1) The angle made by boat with the river flow (or) bank is = 90°+¢
ii1) Velocity of boat w.r.t. ground has a magnitude of V= /VBR2 -VR2

d

iv) The time taken to cross the river ist™ V.22
BR " 'R

Note : V= Relative velocity of the boat w.r.t river (or) velocity of boat in still water.



EX.8: Aboatis moving with a velocity Vi, = 5 km/hr relative to water. At time t=0. the boat
passes through a piece of cork floating in water while moving down stream.If it turns back
at time 7, =30 min.

a) when the boat meet the cork again ?
b) The distance travelled by the boat during this time.

t=0

Sol. \ / >

AN M

Let AB =d is the distance travelled by boat along down stream in " #,” sec and it returns back and

it meets the cork at point C after "¢, sec.

~. Let AC=x is the distance travelled by the cork during (7, +1,) sec.

d=Vy+Vy )y (1)
d=x=Vy=V ) lyeoururuucncs (2)
and x =V, (t, +1,).ccccceceeee. (3)

Substitute (1) and (3) in (2) weget ¢, =¢,

.. The boat meets the cork again after 7' =2¢, = 60 min and the distance (AB+BC) travelled by
the boat before meets the cork is

D=2d-x

D=2V, +V )tV 2t

D=2V t, +2V t, -2V 1,

D =2V, =2x5x£:5km
60

EX.9: A swimmer crosses a flowing stream of width “d’ to and fro normal to the flow of the river
in time 7, . The time taken to cover the same distance up and down the stream s 7, If 7, is
the time the swimmer would take to swim a distance 2d in still water, then relation between
L ’tz.& L,

Sol : Let v be the river velocity and u be the velocity of swimmer in still water. Then

d d 2ud

t, = + =—— e i
2[ d J " Puvv o ou—v ut v’ )
=2 —— |.... i
l u>—v? and t3:% .............. (iii)
u

from equation (i) ,(ii) and (iii) # =1,t, = t, = /Lt



EX.10: Two persons P and Q crosses the river starting from point A on one side to exactly

Sol :

np

opposite point B on the other bank of the river.The person P crosses the river in the shortest
path. The person Q crosses the river in shortest time and walks back to point B. Velocity of
river is 3 kmph and speed of each person is Skmph w.r.t river.If the two persons reach the
point B in the same time, then the speed of walk of Q is.

For person (P) :  For person(Q) :

C B B <xs C
Vg v, A
o
A v, —
A v,
; d d d d d A
N = b t,=—=—,t =t,+At
P \/VBz_sz \/52 32 4 0 v, 57 0
i:iJri, But x=V, —
4 5 man B
d d V,d d d 3d
_:_+ , _:_+
4 5 VBV:nan 4 5 ( ) man

When a body is moving in a plane

a) A body can have any angle between velocity and acceleration

b) If the angle between velocity and acceleration is acute, velocity increases.

c) If the angle between velocity and acceleration is obtuse, velocity decreases.

d) If the angle between velocity and acceleration is a right angle, velocity remains constant.
e) A body can have constant speed and changing velocity

f) A body cannot have constant velocity and  changing speed.

Projectiles :

Oblique Projectile :

Any body projected into air with some velocity at an angle ‘9’ [@ # (90° and 0°)] with the
horizontal is called an oblique projectile.

Horizontal component of velocity u_=ucos @, remains constant throughout the journey.

Vertical component of velocityu, =usin®@, gradually decreases to zero and then gradually

increases to ysin @ . It varies at the rate ‘g’.



»<
\<<

u sin 0 o

A
=
\ 4

Vertical component of velocityu, =usin@, gradually decreases to zero and then gradually
increases to ysin @ . It varies at the rate ‘g’.

horizontal component of acceleration, a_ =0

vertical component of acceleration ,a, =—g
At the Point of Projection

(a) Horizontal component of velocity u_= ucos@
(b)Vertical component of velocity u, = u sin €
(c) velocity vector u = (ucos 9)§+ (usin@) it

(d) Angle between velocity and acceleration is (90+6)
At any instant ‘t’

1
Velocity vector (:,) is v= Vx§+ vy%
Here v, =ucos® and v, =u +a t=usinb-gt

Hence v =ucosf i+ (usin® - gt) 3

magnitude of velocity is given by v=\/v; +v, :\/ (ucos@)2 +(using - g‘[)2

A ucos0

a1l Yy q(usinB-gt
direction of velocity is given by @ =tan | — |=tan | ————=

Displacement vector (; )

displacement P y here

horizontal displacement during a timet XxX=uif= (u oS (9)t

1 : 1
vertical displacement during a time t Y =u,t —Egtz =(usin@)t —Egtz



Equation of projectile

y:(tané?)x—(ij2 = Ax - Bx’

2u’ cos” 6
Where A and B are constants A =tan6, B= %
2ucos O
Time of flight (T)
) ) u, wusind
Time of ascent (¢, )= Time of descent(#, ) = ;. = p

. ) 2u, 2usind
Time of flight T=t +t = —=
a d g g

During time of flight
1) angle between velocity and acceleration vectors changes from (90°+6) to (90°-9).

2) change in momentum is 2muysin @ .(In general, change in momentum AP = mgT )

3) vertical displacement is 0.
4) The angle between velocity and acceleration during the rise of projectile is 180%> §>90°

5) The angle between velocity and acceleration during the fall of projectile is 0°<9<90°
Maximum height (H)
- u, _u’sin’@
2g 28
At maximum height
1) The vertical component of velocity becomes zero.
2) The velocity of the projectile is minimum at the highest point and is equal to 4 cos &
and is horizontal.
3) Acceleration is equal to acceleration due to gravity ‘g’, and it always acts vertically
downwards.
4) The angle between velocity and acceleration is 90°.
Range (R):

2uu,

R=uT=
g

X

(or)

2usin@ _u’sin20
g g

1) Range is maximum when @ = 45°

R=(ucos®)T =ucosx

2
u
2) Maximum range, R = E

2

. . R
3) When ‘R’ is maximum, H = - =—
Max 4 4g

4) For given velocity of projection range is same for complimentary angles of projection

ie (6+6,=90)



Relation between H, T and R

H g H _tand R g
D=5 ® 2= © 7= Jtne
_ gT2 . Rng2 T = 2R
2) R_2tan9 and if g = 45° then 7 = <

If y = Ax— Bx* represents equation of a projectile then

1) Angle of projection g =tan'(A)

2) Initial velocity Jf - £ 4)

2B

I A

3) Range of the projectile R = B
AZ
4) Maximum height H= —
4B
) Time of flight ()= | 22
) Time of flig 5o

If horizontal and vertical displacement of projectile are respectively x = a¢ and y = bt —ct> then

(b
1) angle of projection & = tan” (;j
2) velocity of projection 5, = /4% + p>
3) acceleration of projectile = 2¢

2

4) maximum height reached = 1o
c

; ab
5) horizontal range = -

In case of complimentary angles of projection
1) If 7, and 7, are the times of flight then

T 2R
i po=tand i) TIT2=? — T T,aR

2
2If H, and H, are maximum heights then

H .. u’ .

D g, tan” 0 i) H,+H, “og  DR=4 [HH, iv) R, =2(H +H,)

If a man throws a body to a maximum distance ‘R’ then he can project the body to maximum
vertical height R/2.

If a man throws a body to a maximum distance ‘R’ then maximum height attained by it in its path
is R/4.



At the point of striking the ground

1) Horizontal component of velocity = u cos @

2) Vertical component of velocity = - sin &

3) Speed of projection is equal to striking speed of projectile.

4) Angle of projection is equal to the striking angle of projectile

5) If the angle of projection with the horizontal is g then angle of deviation is 2 9

©  The projectile crosses the points A, D in time interval #, seconds and B,C in time interval ¢, seconds

8h
then & —1 = E (h is the distance between BC and AD)
B N C
h
______________________ D
A »

© A projectile is fired with a speed u at an angle ¢ with the horizontal. Its speed when its
direction of motion makes an angle ¢ with the horizontal. v=u cos g sec «

A
u sin 6} u
5>V COS O
A%
0 > >
u cos 0
Qvcosa=ucosd v=ucosfseca

Y If a body is projected with a velocity u making an angle g with the horizontal, the time after

u cosecd  u

which direction of velocity is perpendicular to the initial velocity is = . = gsin0

and its velocity at that instant is v = 3 cot

S The path of projectile as seen from another projectile
Suppose two bodies A and B are projected simultaneously from the same point with initial velocities

u and u atangles 6 and ¢, with horizontal.
The instantaneous positions of the two bodies are given by

2

. 1
Body A: x, =u,cos6t, ¥, =u,sin Glt—agt

. 1
Body B : x, =u, cost,y, =u,sin byt _Egtz



rrrere

Ax = (u, cos 6, —u, cos 6, )t
Ay = (u,8in 6, —u, sin 6, )¢

Ay u,;sin@ —u,sinb,
lope= 7"~
SIP€ ™ Ax  u, cos 6, —u, cos 6,

A
1) If u, sin 6, = u, sin @, (initial vertical components) then slope Ey =0

Ay

»AXx

The path is a horizontal straight line

i1) If u, cos 6, = u, cos 6, ( initial horizontal components)

Ay
A

Then slope 22 = o
en slope —=

> Ax
The path is a vertical straight line

1 usin@
For a projectile, ‘y’ component of velocity at —; of the maximum height is In
n

1
Resultant velocity at a height of pr of maximum height

. 2 3
V=V +V? =\/(ucose)2+(usmej :u\/(n—l)cos 0+1
n

In

[1+cos” @
If n=2, velocity of a projectile at half of maximum height =u %

For a projectile, w.r.t stationary frame path (or) trajectory is a parabola.

Path of projectile w.r.t frame of another projectile is a straight line

Acceleration of a projectile relative to another projectile is zero

A body is projected vertically up from a topless car relative to the car which is moving horizontally
relative to earth

a) If car velocity is constant, ball will be caught by the thrower.

b) If car velocity is constant, path of ball relative to the ground is a parabola and relative to this
car is straight up and then straight down



c) If the car accelerates, ball falls back relative to the car
d) If the car retards ball falls forward relative to the car

“  Ifa gun is aimed towards a target and the bullet is fired, the moment when the target falls, the
bullet will always hit the target irrespective of the velocity of the bullet if it is with in the range.

Note : If air resistance is taken into consideration then
a) trajectory departs from parabola.
b) time of flight may increase or decrease.
c) the velocity with which the body strikes the ground decreases
d) maximum height may decrease.
e) striking angle increases
f) range decreases.

A particle is projected with a velocity {:1 —ads b§ then the radius of curvature of the trajectory of
the particle at the

32
o R . o
(1) point of projection is r= (i1) Highest point is I':E
ga
. . . (Velocity)2 u?cos? 9
“  Expression for radius of curvature is 7= —— =3
normal acceleration gcos” a

. I . .
a isanglemade by v with horizontal
EX.11: A bullet fired at an angle of 3(° with the horizontal hits the ground 3.0 km away. By

adjusting its angle of projection, can one hope to hit a target 5.0 km away? Assume the
muzzle speed to be fixed, and neglect air resistance.

Sol . weare given that angle of projection with the horizontal, g = 3(°, horizontal range R = 3km.

R_u(fsin?_@
g ”
0 _
y_uesin60’ i 3 org—z\gkm
g g 2

Since the muzzle speed (i) is fixed

max

2
R =209 [3=2x1.732 =3.464km
g

s0, it is not possible to hit the target Skm away.
EX.12: A cannon and a target are 5.10 km apart and located at the same level. How soon will the
shell launched with the initial velocity 240 m/s reach the target in the absence of air drag ?

Sol . Here, u,=240 ss', R=5.10 km =5100m,

g2=98ms>, ="

R_uésin2a
g
sin2a=R—g =a=30" or 60°

Uy



2u,sina

using, =
8 g
When a=30°,T = 222380305, 5
9.8
When a=60°,T, = % = 42.46s

EX.13: The ceiling of a long hall is 20 m high. What is the maximum horizontal distance that a
ball thrown with a speed of 40ms™ can go without hitting the ceiling of the hall ( g=10ms™ )‘?

Sol. :Here, H=20m, ; = 40ms".
Suppose the ball is thrown at an angle @ with the horizontal.
2 sin? 40)’sin’ @
- 822 ’ :20:( 2)><10
or, sin@=0.5= 6=30"
u’sin26 (40)2 x sin 60°
g 10

Now H =

Now R =

2
_(40) <0866 20 o6
10
EX.14: A ball projected with a velocity of 10m/s at angle of 30° with horizontal just clears two

vertical poles each of height 1m. Find separation between the poles.

1 . 1
Sol. h=ut+=gr =(1051n30°)t+5(—10) £

1=5t-5 =t=0.72s, 2.76s
are the instants at which projectile crosses the poles.
. separation between poles = OS - OQ

=ucosd(t,—1)

=10c0s30°(2.76-0.72) =17.7m
EX.15: A body is projected with velocity u at an angle of projection ¢ with the horizontal. The
body makes 3(°with horizontal at t =2 second and then after 1 second it reaches the

maximum height. Then find
a) angle of projection b) speed of projection.



usin0-gt
Sol. During the projectile motion, angle at any instant t is such that tan(Fvseg

For t=2 seconds, 4 =30°

1 _ usinB-2g

3 ucosd
For t = 3 seconds, at the highest point 4 = (°

0= usinf-3g
ucosf
usinf=3g ------------ (2)
using eq. (1) and eq. (2)
UCOSGZ\/gg ...................... 3)
Eq. (2) = eq.(3) give g = 60° squaring and adding equation (2) and (3)
u=203 m/s.
EX.16: A particle is thrown over a triangle from one end of horizontal base and grazing the
vertex falls on the other end of the base.If ¢ and S are the base angles and g be the angle

of projection, prove that tan @ = tan  + tan S.
Sol.: The situation is shown in figure.From figure,we have

Y
A

A(X,y)
ly
o | B

O|l«—x—>»|>»Rx<—

»

» X

tana+tanﬂ=l+ 4
x R-x
tana+tanﬂ=L )
x(R—x) _______

X
But equation of trajectory is ¥ = Xtan @ [1 - E}

B YR | ..
tan@-{—x(R_x)} (if)

From Egs. (1) and (i1), tan 8 = tan & + tan



2
EX.17: The velocity of a projectile at its greatest height is \/; times its velocity, at half of its
greatest height, find the angle of projection.

\/5 /1+00520
Sol.: ucosf=,|—xu,|—
5 2

2 ,(1+cos’@
Squaring on both sides u’ cos’ 0 = g”z (TJ

1
10cos> 0 =242 cos> O :>8cosza9:2:>cos2¢9:2:>9:600

EX.18: A foot ball is kicked off with an initial speed of 19.6 m/s to have maximum range. Goal
keeper standing on the goal line 67.4 m away in the direction of the kick starts running opposite
to the direction of kick to meet the ball at that instant. What must his speed be if he is to catch
the ball before it hits the ground?

w’sin20  (19.6) xsin90
g 9.8
or R=39.2 metre.
Man must run 67.4 m -39.2m=28.2m
in the time taken by the ball to come to ground Time taken by the ball.

‘e 2usin@ 2%19.6xsin 45° 4

g 9.8 J2
t=2v2 =2x1.41=2.82sec.

28.2m
2.82sec

Sol.: R=

Velocity of man = =10m/sec.

EX.19: A body projected from a point "0’ at an angle ¢ , just crosses a wall 'y’ m high at a distance

x’m from the point of projection and strikes the ground at *Q’ beyond the wall as shown,
then find height of the wall v

A

|
[}
yi
[}
|

S}
X
O X R-
R=range * Q
&’
Sol . we know that the equation of the trajectory is y =xtan® ooy D be written as
u” cos

2 .
ox sin @
=xtanf—
d EZuzcoszﬁjsinﬁ



x> tan@
u*sin26

g

o’ tan @ = y=xtanf -

—ytang__ &x tanv
yern u*(2sin@cos )

u*sin20

:y:xtan9[1—ﬂ Q R= ]
EX.20: A particle is projected with a velocity of 1(,/2 m/s at an angle of 45°with the horizontal .

Find the interval between the moments when speed is /125 m/s ( g=10m/s’ )

v=+125 m/s

u, =1052 cos45° =10m /s, u, =102 5sin45" =10m /s
Vz =V)ZC+V}21
125:100+vi =v,=5m/s (Qv,=u,)

2v,  2x5

The required time interval is At = g} =0 ¢

EX.21: A projectile of 2 kg has velocities
3 m/s and 4 m/s at two points during its flight in the uniform gravitational field of the earth.
If these two velocities are | to each other then the minimum KE of the particle during its
flight is

Sol. V,cosa =V, cos(90—-a)

3cosa =4sina

tana = —




EX.22: In the absence of wind the range and maximum height of a projectile were R and H. If

Sol .

wind imparts a horizontal acceleration a =g/4 to the projectile then find the maximum
range and maximum height.

H'= g (.. using remains same )
T'=T

R=uT+iar?=pr+ 187
<7 24

=R+égT2 =R+H H=H

If a body is projected with a velocity

u=ai+bj+ck

(;'—east }'—north ;c— vertical ) then
u, =~Na>+b* ;u,=c
2¢ 2 2(\/a2+b2)c

g 2g g

EX.23: A particle is projected from the ground with an initial speed v at an angle g with

Sol.

horizontal.The average velocity of the particle between its point of projection and highest
point of trajectory is [EAM 2013]

Y.
6 h
&> X
R/2
T r 2 2 A
{]avg _ V‘|2'U. _ ucos01+(uczs01+us1nej) v, =% /1+3c0526

Horizontal projectile

When a body is projected horizontally with a velocity from a point above the ground level, it is
called a Horizontal Projectile.

Path of the Horizontal Projectile is parabola

\4

\/

— R



2h
a) Time of descent /= \/% (is independent of u)

b) The horizontal displacement (or) range

R= u\/ﬁ
g
¢) The velocity of projectile at any instant of time is v = \/u® + g’t’

- t
The direction of velocity & = tan : (%)

d) The velocity with which it hits the ground v = \Ju’ + 2gh
2gh }

e) The angle at which it strikes the ground 0= tanl( »

f) If o is angle of elevation of point of projection from the point where body hits the ground then

2
tan()LZEZM:g—t :tanazﬂ
ut  2u 2

is the angle with which body reaches the ground

Case (i) : If the body is projected at an angle @ in upward direction from the top of the tower,then

— X —>

2usin @
g

a) The time taken by projectile to reach same level as point of projection is I =

: 1
b) The time taken by projectile to reach ground is calculated from 4 =(—usin)z+ ng ’

c) The horizontal distance from foot of the tower where the projectile lands is given by
X=ucos@xt

d) The velocity with which it strikes the ground v = \/u? + 2 gh
e) The angle at which it strikes the ground

o= tan_l[-usin9+gt} (or) @ tan'[‘/uzsinzejngh}
- T a or

ucosf ucos6



Case (ii) : If the body is projected at angle g from top of the tower in the downward direction,
then

«— x —>

. 1
a) The time taken by projectile to reach ground is calculated from /= (u sind )f + ng ?

b) The horizontal distance from foot of the =~ tower where the projectile lands is given by
X=ucos@xt

¢) The velocity with which it strikes the ground v = \[u® + 2 gh

Ju sin? 6’+2gh]

. . . =tan!
d) The angle at which it strikes the ground =~ ¢ =t [ 10030

When an object is dropped from an aeroplane moving horizontally with constant velocity

a) Path of the object relative to the earthis  parabola

b) Path of the object relative to pilot is a straight line vertically down.

Two bodies are projected horizontally from top of the tower of height h in opposite directions

with velocities u, and u, then

a) The time after which their velocity vectors are making an angle @ with each other

Ju
— N cot g
g 2
b) The distance between them when their velocity vectors are making an angle g with
Juu
g 2
c¢) The time after which their position vectors

each other x = (”1 + ”z)

2\Juu
are making an angle @ with each other = =2 cot )
g
d) The distance between them when their
displacement vectors are making an angle g with each other is

2\ uu 1]
2 cot —

x:(u1+u2) g



©  Two tall towers having heights h1 and h2 are separated by a distance d. A person throws a ball
horizontally with velocity u from the top of the first tower to reach the top of the second tower
then

2(h —h
a) Time taken ¢ = %
b) Horizontal distance travelled ¢ =yt

“  Aball rolls off from the top of a stair case with a horizontal velocity u. If each step has a height ‘h’
and width “b” then the ball will just hit the n" step, directly if n equal to

1
nb =ut and nh = Egl‘2

—

2hu’
gb’

n=

“  From the top of the tower of height h, one stone is thrown towards east with velocity u, and

another is thrown towards north with velocity u, . The distance between them after striking the

ground,

2h
d=tyul +uj , ;:1/?



EX.24: A ball is thrown from the top of a tower of 61 m high with a velocity 24.4,,,-' at an

elevation of 3(° above the horizontal . What is the distance from the foot of the tower to
the point where the ball hits the ground?

Sol. :
usinf
A U
—4 ucos 0 N,
\
\
\
\
\
\\
h \
\
\
\
\
|

h=%gt2—(usin6’)t = t =5seconds

Also, d =(ucos@)t=105.65m

EX.25: A particle is projected from a tower as shown in figure, then find the distance from the

foot of the tower where it will strike the ground. ( g=10m/ s2)

1500 m

ﬂm/s

Sol.:
500 . 1
uy:usin¢9=Tsm37° s=ut+5at2

1500=(53ﬂsin37jt+%10t2

1500 = @[ijrsﬂ
3 \5



300 =20r+¢> =t =20s .. horizontal distance = (u cosg) t

500(4} 4000
=2 2 ho="0m
305 3

EX.26: A golfer standing on the ground hits a ball with a velocity of 52 m/s at an angle ¢ above

5
the horizontal if tan & = I find the time for which the ball is at least 15m above the ground?

(glem/sz)

Sol. v, =.u’-2gy , u, =usind
v z\/52x52x X35 10x15
Y 13x13

=+/16%x25-300 =10

EX.27: Two paper screens A and B are separated by a distance of 100m. A bullet pierces A and B.
The hole in B is 10 cm below the hole in A. If the bullet is travelling horizontally at the time
of hitting the screen A, calculate the velocity of the bullet when it hits the screen A. Neglect
resistance of paper and air.

Sol. : The situation is shown in Fig.

u [P X
—5— Q--

0.1m

A 100 m B

2(h—h
d=u 2(h=h) — 100=u %:ﬂt:mOm/s.
\ g :

EX.28: A boy aims a gun at a bird from a point, at a horizontal distance of 100m. If the gun can
impart a velocity of 500m/sec to the bullet, at what height above the bird must he aim his
gun in order to hit it?

Sol: x=vt or 100=500%xt ; ¢t=0.2sec.

|
Now h = 0+5><10><(0.2)2 = 0.20m = 20cm.



EX.29: An enemy plane is flying horizontally at an altitude of 2 km with a speed of 300 ms™'. An
army man with an anti - aircraft gun on the ground sights enemy plane when it is directly
overhead and fires a shell with a muzzle speed of 600ms’. At what angle with the vertical
should the gun be fired so as to hit the plane?

Sol. Let G be the position of the gun and E that of the enemy plane flying horizontally with speed.

E P
u
¢ -
VO
Vy
0
(90 -9)\_A
0 Ground
G
vx
u=300ms™, when the shell is fired with a speed v,, v, =v,cosb

The shell will hit the plane, if the horizontal distance EP travelled by the plane in time t = the
distance travelled by the shell in the horizontal direction in the same time, i.e.

uxt=v Xt oru=v_ = u=v,os0

u 300

or CosO=—=—_( 54
v, 600 9 60"

Therefore, angle with the vertical = 9(° — 9 = 30°.

EX.30: From the top of a tower, two balls are thrown horizontally with velocities u, and u, in
opposite directins. If their velocities are perpendicular to each other just before they strike
the ground, find the height of tower.

2h
Sol. Time taken to reach ground 7=, /;

. . . .o, . Lm le
at time of reaching ground respective velocities are v, = u1$+ gti v, = -u2$+ gt§

uu U t:quluz

Given v,.v, =0,
g
2R _Nwe L wan
g g 2g
is the height of the tower.



EX.31: From points A and B, at the respective heights of 2m and 6m, two bodies are thrown

Sol :

simultaneously towards each other, one is thrown horizontally with a velocity of 8m/s and
the other, downward at an angle 45° to the horizontal at an initial velocity v, such that the
bodies collide in flight. The horizontal distance between points A and B equal to 8m . Then
find
a) The initial velocity V  of the body thrown at an angle 45°
b) The time of flight t of the bodies before colliding
¢) The coordinate (x,y) of the point of collision (consider the bottom of the tower

A as origin) is

A~

2m| om

L1177 777777777777777777/7777
<“«— 8m —>

, 4 1
a) From diagram tan@ = ring tan 6 = 3 e (1)
2 r o I . 0"
v, =81,v, =-v,cos45°1-vsin45" |
ro :
Vea = 'T'g I'TJ
Direction of vB y

tan 6— 2
\/_(VOJFS\/_) ................. (2)

From eq (1) and eq (2) 2V0:V0+8\/§ , V,=11.28m/s
r 2 A

b) Vea = 'T I'T

Qv, =82 bv,, =-16i-8§j

Y= ( (—16) +(~ 8)) N

r s

x=v,t=(8)(0.5)=4

1, 1 1
1= —gt’ = —x10x—=1.25
YRR TS 4

y=2-y'=0.75



Motion of a Projected Body on an inclined plane :
A body is projected up the inclined plane from the point O with an initial velocity v, at an angle

@ with horizontal.

P

a) Acceleration along x —qgxis,a, = -gsina

b) Acceleration along y —axis, @, =~ -g8cosa

¢) Component of velocity along x — gxis u, =v,cos(0-a)
d) Component of velocity along y — axis u, = Vosin(G - a)
2v,sin(0-a)

gcosa
f) Range of projectile (OA)

e) Time of flight T =

R - s R 2vgsin (0 - o) cosh

[sin (20-a)- sina] . (or)

2
geos o gcos’a

7r
For maximum range (260 —a) = 5

R v (1-sina)

gcos’ol



g) ng = 2Rmax

horizontal range (OB) x=Rcos«a

Down the plane : Here, x and y-directions are down the plane and perpendicular to plane
respectively

u, =ucos(a+#0),a =gsina u,=usin(e+0),a,=-gcosa
Proceeding in the similar manner , weget the following results

_ 2usin(a +0)

b

T
gcosa

2
R :u—z[sin(26’+a)+sina]
gcos’ o

EX.32: A particle is projected horizontally with a speed “u” from the top of plane inclined at an
angle “ 9> with the horizontal. How far from the point of projection will the particle strike

the plane ?
Sol:
y wl u
y
R
i A 0 >

A
\ 4
b

R=\x*+)’ (Z:tanﬂj
X
:W:x\/1+tan29 = xsecd



1 1 of?
X =ut; y:Egtz; y_1lst

x 2 ut
tané’:g; t:2—utan6’
2u g
2 2
x=ut =24 tan 4,

g

2
R =2Ltan95609
g

EX.33: A projectile has the maximum range of S00m. If the projectile is now thrown up on an
inclined plane of 3(° with the same speed , what is the distance covered by it along the

inclined plane?
Sol:

max

u?
R = o—_—

g
2

~500="" or u=./500g

g
v -u’ =2gs
0-500g = 2% (-gsin30° ) x x
x =500m.

EX. 34: The displacement of the point of a wheel initially in contact with the ground when the
wheel rolls forward quarter revolution where perimeter of the wheel is 4,7 m, is (Assume
the forward direction as x-axis)

2
B Tan—l_ . _ .
1) \/(m+2)* +4 along ﬂw1thx axis
)
2 7 —2)? +4 along In '~ with x - axis
(-2) —
2
—7)2 Tan™ = wi - axi
3) J(r-2)* +4 along ﬂw1thx axis
L2 .
4) \/(m+2)’ +4 along Iin lﬂ—_2w1th X - axis



P/ 2

4+——e

Tr TN
Sol. . -0

< »
< >

T Ccm

S =4 +x* and 6 =tan™ (ij key-2

EX.35: A particle starts from the origin at ; — )y with a velocity of 10_0} m/s and moves in the

xy —plane with a constant acceleration of (Sf +2JA')mS72 . Then y—coordinate of the par-

ticle in 2 sec is
1)24 m 2) 16 m 3) 8§ m 4)12 m

r T Ir, 5
Sol... r=wt+—at”, y(t)=1 +10z key-1

EX.36: A car moving at a constant speed of 36 kmph moves north wards for 20 minutes then due

1
to west with the same speed for 8— minutes. what is the average velocity of the car during

3
this run in kmph
1)27.5 2) 40.5 3)20.8 4)32.7
v L+t
Sol. . V,,, = 122 key-1
1+,
EX 37: Velocity of a particle at time t =0 1is 2" A constant acceleration of 2 ;57 acts on

the particle for 1 second at an angle of ¢(° with its initial velocity . Find the magnitude of
velocity at the end of 1 second.

D \3ml/s 2)23m/s 3)4mls 4)8m/s
Sol. . V:vxf+v),} Sve=u tal o, v, =u +at

a,=acost ,a, =asinf key-2

EX.38: An aeroplane moving in a circular path with a speed 250 km/h. The change in velocity
in half of the revolution is.

1) 500km/h 2)250km/h  3) 120 km/h 4) zero
.0
Sol.. AV =2Vsin— 6.Av=1/v +v; key-1

EX.39: A ship is moving due east with a velocity of 12 m/sec, a truck is moving across on the ship
with velocity 4m/sec. A monkey is climbing the vertical pole mounted on the truck with a
velocity of 3m/sec. Find the velocity of the monkey as observed by the man on the shore (m/
sec)

1) 10 2) 15 3) 13 4)20



Sol.. V=V +v,+V} key-3

EX.40: A man is walking due east at the rate of 2Kmph. The rain appears to him to come down
vertically at the rate of 2kmph. The actual velocity and direction of rainfall with the vertical
respectively are (2008 M)

1
1) 22kmph,45°  2) ﬁkmphﬁo() 3) 2 kmph, 0° 4) 1kmph, 90°

”
Sol.. V, = V2 +V? ;Tan9=7’“ key-1

EX.41: A boat takes 2 hours to travel 8km and back in still water lake.With water velocity of 4
kmph, the time taken for going upstream of 8km and coming back is

1) 160 minutes 2) 80 minutes 3) 320 minutes 4) 180 minutes
8+8
Sol.. V3 = T = 8kmph
d d
I=t+1,= + key-1

VeV, V=V,
EX.42: Aballis thrown with a velocity of u making an angle g with the horizontal. Its velocity

vector normal to initial vector (u) after a time interval of

usin@ u u ucos@

g 2) gcosé 3) gsinf 4) g

1))

Sol. & =(ucos@)i +(usin @)

V=(ucosO)i +(usin@-gt)j ;5 uv=0 key-3
EX.43: A number of bullets are fired in all possible directions with the same initial velocity u. The
maximum area of ground covered by bullets is

2 2 2 2 2
g 2g g 2g
Sol. . Max area 7 (R, )2 key-1
EX.44: An aeroplane flies along a straight line from A to B with a speed v, and back again with

the same speed v,. A steady wind v is blowing. If AB =1 then

2v,/
a) total time for the trip is 2 Ovz if wind blows along the line AB

0

2/
b) total time for the trip is [F_ )2 if wind blows perpendicular to the line AB
0

c) total time for the trip decrease because of the presence of wind
d) total time for the trip increase because of the presence of wind



1) a,b,d are correct 2) a,b, care correct
3) onlya,d are correct 4) only b, d are correct

Sol. . a,b,d are correct
When wind blows along the line AB,

I=t, ,ptls,,

21y,
+ =t=

=>t= 5 5
v+y, V,-V vy —V

If wind blows perpendicular to AB

/‘V RN
A 1 B A — B
\4
Vo= vy v

t 2 2
V=4V, =V
B / B /
tA—>B - 5 2 tB—>A - 5 2
Vg =V N
3 21
Hence "~ [ >
o —V

If the wind were not present then total time

2/
taken for the trip would have been ! = o
0
i.e. the total time for the trip increases because of the presence of wind. key-2

EX.45: Two particles A and B move with constant velocity :1 and \lj: along two mutually
perpendicular straight lines towards intersection point O as shown in figure. At moment t =
0 particles were located at distance / and /, respectively from O. Then minimum distance

between the particles and time taken are respecti lfr
Vit




vy =Lv| Ly, +1Lv, i —Lva| L, + Ly,

1 2
) V1 +V2 ’ V12 +V22 ) Vl +V2 > vl2 +v22
|l v, -1 V1| \/7 lv1 +1 v2 |llv2 —sz1| l, (llv1 +lzv2)12
(2.2 , 4 I 2, .2

Sol. . Let the separation between the particles be minimum atjtime t, Then

q
Vit
AL
7
7
//
//
s -~
S I
//
7
//
//
B .~
2 7’
< 1, » O
>
vt

Since OB=1,-v,t and O4=1 —vt and
AB? = OB* + 04 = s> = (I, —vt) +(L, —v,t)’

For s to be minimum — =0 or —

ds d
dt dt( 2)

:>2S%:2(11_V1t)_vl +2(12 _Vzt)_VZ =0

Ly, +1Lv,

2 2
12

2 2
v+, VTV,
2 (hvy =m)° =85 = M

= Smin =—F—5"— min kevy-3
v+, N 4

EX.46: The distance between two moving particles Pand Q at any time is a. If v_be their relative

v, +Vit—Ly, +vit=0=1t=

velocity and if u and v be the components of v _, along and perpendicular to PQ.The closest

distance between P and Q and time that elapses before they arrive at their nearest distance
is

a(v—i-v,,) v Y av u ’
e D)




av au
4) 7, 2
v s uz vr 9 vr

av, av,

r

Sol. . Assuming P to be at rest, particle Q is moving with velocity v_, in the direction shown in
figure. components of v along and perpendicular to PQ are u and v respectively, In the figure

) u V
sina =—,cosa =—
v v,

”

The closest distance between the particles is PR.

\%

r r

S.in = PR=PQcosa = (a)[lj = S = =
v

Time after which they arrive at their nearest  distance is

@[]
_OR_(PQ)sina _* \v,)_au key-2

EX.47: Two stones are projected from the top of a tower in opposite direction, with the same
velocity V but at 30° & 60° with horizontal respectively.The relative velocity of first stone

relative to second stone is

2w 4
1)2v 2) V2v AN AN

Sol.




u A A
Vi=Vcos30i +Vsin30;
u . .
V2=-Vcos60i +V sin60 ]

o

- T key-2
Vie=Vi-V>2

EX.48: A motor boat going down stream comes over a floating body at a point A. 60 minutes later it
turned back and after some time passed the floating body at a distance of 12 km from the point A.
Find the velocity of the stream assuming constant velocity for the motor boat in still water.
1) 2 Km/hr 2) 3 Km/hr 3)4Km/hr  4) 6 Km/hr

Sol.. d=(v,+v,)t,—— (1);
d=12=(vp v, )i, ==(2);
12=v (4+1,)---(3)
solve above equtions key-2

EX.49: It is raining at a speed of 5,, /¢! at an angle 37° to vertical, towards east.A man is

moving to west with a velocity of 5,/ ¢'. The angle with the vertical at which he has to
hold the umbrella to protect himself from rain is.

1) Tan™ (2) to west 2) Tan™ (2) to east

(1 (1
3) Tan™ (EJ to south 4) Tan™' (Ej to east

Sol. .

sin37=i=§;cos37=l;Tan6’= Xy
Vi R Yy

EX.50: Rain, pouring down at an angle « with the vertical has a speed of 1(,s'. A girl runs

key-1

against the rain with a speed of g;,s-' and sees that the rain makes an angle £ with the
vertical, then relation between o and S is

8+10sin S

8+10sina
10cos

tano = = =
1) 0cosa 3) tana =tan 8 4) tana =cot S

2)tan f =



Sol.

. X .
sina=— ; x=V,sina cosa=l;y=VRcosa;Tanﬁ=

R R

x+V;

key-2

EX.51: Aparticle when fired at an angle g — ¢0° along the direction of the breadth of a rectangular

building of dimension 9m x8m x 4m so as to sweep the edges. Find the range of the projectile.

8 4
IENE) 2) 43 35 HE
Sol.
A
(x.h) (x-+b,h)
/
0 7 N
X b=2h X
v‘ R -
gx’
—h=xtanf-——
Y van 2u’cos’ @’

2 .
R=x+x+2h:>x:§—handR:M
2 g
: : R 1(R Y
using equations 1 and 2 h= E_h tanH—E E—h tan 6

= R=2hcot (gj
key-1
putting @ =60°, h =4m thenR = 8/3m



EX.52: .The direction of projectile at certain instant is inclined at angle « to the horizontal after
t sec.If it is inclined at an angle S then the horizontal component of velocity is

g gt t gt
D tan o —tan 2) tan o —tan 3) g(tan o —tan f3) 4) (tan o +tan f3)
t
Tana —Tanf = g
e vV —at ucosf
Sol. . Tana =—=— ; Tanf3 = - ; gt key-2
ucosa ucos f ucosff=ucosa = ucosff=————
Tano —Tanp

EX.53:Two bodies are projected from the same point with same speed in the directions making
an angle o, and o, with horizontal and strike at the same point in the horizontal plane

2 2

-t

through a point of projection. If 7, and t, are their time of flights. Then t:z n tzz
tan (o, —ar,) sin(e, + ) sin (¢, —ar,) sin’ (o, — ;)
D tan (o, +a, ) 2) sin (¢, —at,) 3) sin(e, +a,) ) Sin? (o +a,)

Sol.. @, +a, =90° =sin(a, +a,)=1

2using, 2usina,
I = ol = key-2
g g

EX.54: An object in projected up the inclined at the angle shown in the figure with an initial
velocity of 307,57!. The distance x up the incline at which the object lands is

1) 600 m 2) 104m 3)60 m 4)208 m
Sol. . From figure o =30°,60=60° key-2
P 2u’ cosHsin(H—a)
- gcos’a

EX.55: A projectile fired with velocity » at right angle to the slope which is inclined at an angle g
with horizontal. The expression for R is

2 2 2 2
1. 2Ltan@ 2. 2 sec 3. Y tan’0 4. 2Ltan@sec@

4 g g g



I _ ono 1_pg_on°
o 4y O =50+0,0'-0-90 ey
2u’ cos B’ sin(l?1 —0)

gcos’ @

EX.56: In figure shown below, the time taken by the projectile to reach from A to B is ¢ then, the
distance AB is equal to

A B
0%, |
30 !
A >
1) NG 2) > 3) \3ur 4) 2ut
Sol.. u_=ucos®=ucos60°
A
x=AC=u_t; from figure cos30’= Ac
AB
AC key-1

AB=——
cos30

EX.57: Two particles are projected in air with speed v, at angles 0, and 0, (both acute) to the
horizontal, respectively. If the height reached by the first particle is greater than that of the
second, then thick the right choices
1) angle of projection : 0, > 0,

2) time of flight: T, > T,
3) horizontal range: R, > R,
4) total energy: U > U,
Sol. . H >H,
sin@, —sin6, or 6, >0,
T,>T,

R, sin20, S

R, sin20,

1
12
U, =KE+PE ZEmIVO

U,=KE+PE= %mzvé
If m, =m, then U =0,
m >m, then U >0,
m <m, then U <0,
key-1,2,3



EX.58: A particle slides down friction less parabolic (y = x?) track (A - B - C) starting from rest at
point A. Point B is at the vertex of parabola and point C is at a height less than that of point
A. After C, the particle moves freely in air as a projectile. If the particle reaches highest point

at P, then A.
A
A
) P
_________________ 0
) : C
X2 - B x X

1 (XZO) 0

1) KE at P=KE at B

2) height at P = height at A

3) total energy at P = total energy at A

4) time of travel from A to B = time of travel from B to P

Sol. .

In this type of question, nature of track is very important of consider, as friction is not in this
track, total energy of the particle will remain constant throughout the journey.

(KE),> (KE),

(PE), < (PE),

As, height of p < Height of A

Hence, path length AB > path length of BP

Hence, time of travel from A to B = Time of travel from B to P.

key-3

EX.59: Two particles having position vectors ;11 = (311' + 5}')m and Z = (—511' + 3}')m are

Sol.

u Ul
moving with velocities J| = (4§_ 4ﬁmg‘1 and 7, = (aﬁ_ 3}”1);715;‘1 . If they collide after

2 seconds , the value of ¢ a’ is
1)2 2)4 3)6 4)8

CHAVE=TR AV 5 2041587 =0

key-3

EX.60: A particle starts from origin at t = 0 with a constant velocity 5 $ ms~' and moves in Xy

Sol. .

plane under action of a force which produces a constant acceleration of (3$+ 2;5 ms™ . The

y - coordinate of the particle at the instant its x co-ordinate is 84 m in m is
1)6 2) 36 3) 18 4)9
1

7 =ut+~ar?
)

equate x coordinate to 84 to find time t
key-2



JEE MAIN PREVIOUS YEAR QUESTIONS
MOTION IN A PLANE

Sol.  (a) Let magnitude of two vectors AandB =

|A+B| = VaZ +a? + 2a% cos 6 and |A — B| = /a? + a2 — 2a2[ cos (180° — 6)]

= /a% + a2 — 2a% cos 0

and according to question,

a’+a?+2a%cos® 5

a2+a2-2a2cosf

H'(1+1+2cos0) , (14 cosb)

= nf>— " =n
v (14+1—2cosh) (1— cos @)

2

using componendo and dividendo theorem, we get

2
6 = cos? n-—1
nz+1

Sol. (a)If C= ai+bjthen A.C=A.B

at+b=1 (i)
B.C=AB
2a—b=1 (i)

Solving equation (i) and(ii) we get



w -

2
a=- b=-
3

Magnitude of coplanar vector, |6| = E + g = \E

Sol  (a) Arc length = radius x angle

So, |B — A| = |A|46

Angle between themis 0, m,or2 «

from the given options, 8 =«

TOPIC-1 ....Vectors



sol. (@) Using, R? = P% + Q% 4+ 2PQ cos 6
4 I'>+9I'? +12I'*> cos @ = R?
When forces Q is doubled,
4 T'?+36I'? + 24I'? cos 6 = 4R?
4 I'? +36I'? +24I'? cos 8

=4(13r? + 12Ir'* cos 8) = 52I'> + 48r' cos

12r2 1
=—= =6 =120°

0=——"_
cos 24rz - 2

sol.  (a) Let magnitude of two vectors AandB =

|A + B| = Va?Z + a + 2a2 cos 6 and

|A—B| = JaZ + a% — 2a2[ cos (180° — 6)]

=\/a2+a2—2a2c059

and according to question,

a’+a’+2a’cos® 5

' a2+a2-2a2cos

(1+1+2cosf) , (14 cos)

N M2
(1+1—2cos€)n (1 - cosh) n

using componendo and dividendo theorem, we get

2
0 = cost (o1
nZ+1



sol. (a)If C= ai+bjthen A.C=A.B

at+b=1 (i)

2a—b=1 (ii)

Solving equation (i) and(ii) we get

Magnitude of coplanar vector, |6| =

sol. (@) Arc length = radius x angle

So, |B — A| = |A|46

ol

~

0l

O | =
+
O |
Il

olun

wIinN

>

ool



sol.

e e

() AxB-BExA=0=2AxBE+AxB=0

Angle between them is 0, m, or 2

from the given options, 8 =

AXB=0

T

TOPIC-2 ....Motion in a plane with constant acceleration

10.

sol.

A balloon is moving up in air vertically above a point A on the ground. When it is at a height h4, a

girl standing at a distance d (point B) from A (see figure) sees it at an angle 45° with respect to

the vertical. When the balloon climbs up a further height h,, it is seen at an angle 60° with

respect to the vertical ifthe girl moves further bya distance 2.464dintC). Then the height h, is

(given tan 30° = 0.5774):

[Sep. 05, 2020 (I)]

A< d- B+ 2464d * C
(a) 1.464d (b) 0.732d

(d) From figure/ trigonometry

hy

hy

455 305
AS7 "B2a6ad €

hi+h,
d+2.464d

And, = tan 30°

(€) 0.464d (d) d

M= tan4s hy =d

= (hy + hy) X3 = 3.46d



sol.

sol.

3.46d
=>(h1+h2)=—$d+h2=

V3

=y
N
Il
QU

(@) Given: % = 5jnvs
Acceleration, @ = 10i + 4j and

final coordinate (20, y,) intime ¢t.

Sy = Ut + %axt2 [ u, = 0]

3.46d

1
:20=O+§x10xt2$t=25

1 2
Sy=uy><t+§ayt

1
y0=5><2+§><4x22=18m

(d) # = 15t%1 + (4 — 20t%)j

v =22 =306-404

dt

Acceleration, - a = dg—: =301-40j

a =+/302 + 402 = 50m/s?



sol.  (b)As §=Gt+%5t2

S = (51+ 4))2 + (41+4j)4
=101+8j+81+8]
te—T, = 181 + 16§
[as S = change in position =T —T1}]
r. = 201 + 20§

.| = 20v2

sol.  (c) From given equation,

V =K(yl+xj)
ax _ dy _
dt_ky and dt_kx
by, dx_x_dy _
Now dt/dt—y—dx,=>ydy—xdx

Integrating both side

y2=x%+c



TOPIC-3 ...Projectile Motion

15.  Avparticle starts from the origin at ¢ = 0 with an initial velocity of 3.01 m/s and moves in the x-y
plane with a constant acceleration (6.071+ 4.0j) m/s2. The x coordinate of the particle at the instant
when its y coordinate is 32 m is D meters. The value of D is:

[9 Jan. 2020 1]

(a) 32 (b) 50 (c) 60 (d) 40

sol.  (c)Using S =ut + %at2
y =uyt+ %ayt2 (along y AXis)
1
= 32 = O><t+§(4)t2

1
=>EX4XtZ=32
=>t=4s

S, = Ut + %axt2 (Along x Axis)

1
= x=3x4+§x6><42=60

16. A particle is moving along the x-axis with its coordinate with time t’ given by x(t) = 10 + 8t —
3t2. Another particle is moving along the y-axis with its coordinate as a function of time given by
y(t) = 5—8t3. At t = 1s, the speed of the second particle as measured in the frame of the first
particle is given as /v. Then v(in m/s) is_
[NA 8 Jan. 2020 1]

sol.  (580)
For pariticle ‘A’ For particle ‘B’

X, =-3t2+8t+ 10 Yy =5 —8t3



sol.

Vy = (8 — 6t)i Vg = —24t%]
d, =61 Gy = —481)
At t =1sec

V, = (8 — 6t)i = 2l and Uy = —24j
Vaja = —Va + U5 = —2i-24j
Speed ofBw.r.t. A, Vv = V2% + 242

=4 + 576 =580

v = 580(m/s)

(d) Given, Position vector,

7 = cos wti + sin wtj

.

Velocity, v = % =w (—sin wti+ cos wtj)

Acceleration,

. dv 2 N
a= Frinial (cos wti + sin wtj)
a=—w??

d isantiparallel to 7
Also v.7=0 v L 7

Thus, the particle is performing uniform circular motion.



sol. (d) v=k(yi+xj)

v = kyi + kxj
dx _ d_y_
E—ky, dt—kx
dy_dyxdt
dx dt  dx
dy kx
dx ky

ydy = xdx (i) Integrating equation (i)

f ydy=f x-dx

y2=x*+c¢

sol. (a)Given u =31+ 4j,d =047+ 0.3j,t = 10s

From 1st equation of motion.

v =at +u
Sv=(0.41+ 0.3))x10+(31+4j) = 41+3j+3j+4j

= v=T71+7]



= |3 =V72 4+ 72 = 7V/2 unit.

sol.  (b) Coordinates of moving particle at time t’ are
x =at3 and y = gt3

d d
Uy =d—:= 3at? and v, =d—3t/= 3pt2

v= |vit+vf= J9a2tt + 9p2¢t4

NN w2

sol. (&) Using principal of conservation of linear momentum for horizontal motion, we have

2mv, = mu + mu cos 60°

_3u
4

h 0+1 T?=>T 2h
= — = = |—
Zg g

Let R isthe horizontal distance travelled by the body.

Vx

For vertical motion



R=vT+ %(O) (T)? (For horizontalmotion)

R _3u 2h
=Vl = 1 P
_ 3V3u?
=&
sol.  (c) Given, y = 2x — 9x?
On comparing with,
2
gx
=xtan — ————,
y=xtan 2u?cos?6
We have,
1
tanf =2 or cos@ =%
g _ 10 _
and i 9 or —Zuz(l/\/g)z =
u=5/3m/s

sol.  (d) R will be same for 6 and 90° — 6.



Time of flights:

tl:ZusinB and
. _ 2usin(90°—6) 2ucos®
? g g
2u sin 6 2u cos 6
Now, tltz—( p )( p )
_2u’sin29 _ 2R
9 g 9

sol.  (b) For same range, the angle of projections are:
6 and 90° — 6. So,

__ u?sin?6 u?sin?(90°-0) _ u?cos?6

hl = Zg and hz = 2g 2g
Also. R = u? sin 26
o = u?sin?6 « u?cos?6
12 =5 29
u?u?(2 sin 0 cos 0)?
B 1692
RZ
~ 16

or R2 = 16h1h2



sol.

sol.

(@) On an inclined plane, time of flight (T) is given by
T =2usin @
gcosa

Substituting the values, we get

B (2)(2sin 15°) _ 4sin15°

T =
g cos 30 10 cos 30°

Distance, S = (2 cos 15°)T — %g sin 30°(T)2

= (2 cos 15°) 4 sin 15° (lstingoo) 16sin215°
h 1010 cos 30° 2 100c0s230°

— 163716 _ (1952m = 20cm

(b)

10 m/s

Horizontal component of velocity v, = 10 cos 60° = 5m/s



sol.

vertical component of velocity v, = 10 cos 30° = 5v3m/s
After t =1 sec.
Horizontal component of velocity v, = 5m/s

Vertical component of velocity

vy = |(5V3 = 10)|m/s = 10 — 5vV3

. i V2
Centripetal, accelerationa = =y

vi+v%  25+100+75-100v3 .
>R = = (i)
an 10 cos 6

From figure (using (i))

10 — 5v3
5
p_1002-Vv3)

10 cos 15 '

tan 6 = =2-vV3=260=15°

u? sin 26

(a) As we know, range R =

and, area A = mR?

A« R? or, A xu*

Al_u;*_[1]4_ 1
A, ui [21 16



sol.  (c) Let t’be the time taken by the bullet to hit the target.

700 m = 630ms~ 1t

700m 10
= — sec

St=—m—
630ms™1 9

For vertical motion,

Here, u=20

1
— _ 2
h—zgt

—1><10><<10)2
) 9

_50 _
= 81m— dm

Therefore, the rifle must be aimed 6.1m above the centre of the target to hit the target.

sol.  (c) From question,

Horizontal velocity (initial),
Uy =5 = 20m/s
Vertical velocity (initial), 50 = uyt + gt?
1
= u, x2+§(—10) X 4
or, 50 = 2u, — 20

70
or, U, = 5= 35m/s

. 6’_uy_35_7
M=, T 20 14



30.

sol.

31.

sol.

32.

= Angle 8 =tan™!

SN

A projectile is given an initial velocity of (i+2j) m/s, where T is along the ground and j is along
the vertical. If g = 10m/s? , the equation of its trajectory is:

[2013]

(@) y = x — 5x2 (b) y = 2x — 5x2 (c) 4y = 2x —5x?  (d) 4y = 2x — 25x2

(b) From equation, v =1+ 2j

y = 2t —=(10t2) .. (ii)

From(i) and(ii), y = 2x — 5x?

The maximum range of a bullet fired fi;om a toy pistol mounted on a car at rest is R, = 40m.
What will be the acute angle ofinclination ofthe pistol for maximum range when the car is moving

in the direction of firing with uniform velocity v = 20m/s, on a horizontal surface?

(g = 10m/s?) [Online April 25, 2013]
@) 30° (b) 60° () 75° (d) 45°
(b)
P
wall
450
0 4m A 6m

Aball projected from ground at an angle of 45° just clears a wall in fiiont. If point of projection
is4 m from the foot of wall and ball strikes the ground at a distance of 6 m on the other side of
the wall, the height of the wall is:

[Online April 22, 2013]

(@) 4.4m (b) 2.4m (c) 3.6m (d) 1.6m



sol. (b)
As ball is projected at an angle 45° to the horizontal

therefore Range = 4H

or 10=4H:>H=14—0=2.5m

(Range = 4m + 6m = 10m)

u?sin?60

2g

Maximum height, H =

_Hx2g 25%x2x10

2
" sinZ8 ( 1 )2
V2
or, u=+100 = 10ms™1
Height of wall PA
1 g(0A)?
=0Atan @ — ————
an 2 u?cos?0
1 10 x 16
10 X 10 X =X —
V22
sol. (d) R = u?sin26 CH= u?sin20
g 29
H.x at 260 =90°
2
H max =u_
29
u?
—=10>u?=10g X 2
29
u? sin 26 u?
= T = Rmax =

R nax = 20 metre



sol.

sol.

(a) Let, total area around fountain

A =mRYax (i)

v?sin20  v?sin90° v? ..
Where R = = =— (ii
max P P P ( )

From equation (i) and(ii)

"
a2

A=
g

(a) A projectile have same range for two angle

Let one angle be 6, then other is 90° — 8

2usin 2U cos
T, = 0 T, = 0
g g
2 .
then, T1T2 _ 4u smg@ cos @ — 2R
( 3 u?sin20
g

Thus, it is proportional to R. (Range)



sol.

37.

sol.

. . : vV :
and at the same instant, a person starts running with a constant speed ?O to catch the ball. Will the

person be able to catch the ball? If yes, what should be the angle of projection 8?

[2004]

(a) No (b) Yes, 30° (c) Yes, 60° (d) Yes, 45°

(c) Yes, Man will catch the ball, if the horizontal component of velocity becomes equal to the

constant speed of man.
1%
?O = vy, cos 6

or 8 =60°

A boy playing on the roof of a 10 m high building throws a ball with a speed of I0m/s at an angle
of 30° with the horizontal. How far from the throwing point will the ball be at the height of 10 m
from the ground?

[g = 10m/s?, sin 30° = %, cos 30° = \/2_§] [2003]

(a) 5.20m (b)4.33m (©) 2.60m (d) 8.66m

(d) Horizontal range is required

_ (10)?sin (2 x 30°)

o = 5v3 = 8.66m

R

TOPIC-4 .Relative Velocity in Two Dimensions & Uniform Circular Motion

38.

sol.

A clock has a continuously moving second’s hand of 0.1m length. The average acceleration of the
tip of the hand (in units of ms~2) is of the order of:

[Sep. 06, 2020 (1)]

(@ 1073 (b) 107 (c) 1072 (d) 1071

(a) Here, R = 0.1m



_27 _27% _ 4 105rad/s
T 60

Accelaration of the tip of the clock seconds hand,
a=WwR =(0.105)%(0.1) =0.0011=1.1x10"°

Hence, average accelaration is of the order of 107

sol.  (d) The given situation is shown in the diagram. Here v, be the velocity of rain drop.

v, v,
260 45
Vear =~V “Vear (B + ])V
Hag
When car is moving with speed v,
tan 60° = ”7 (i)
When car is moving with speed (1 + 8)v, tan45° = (ﬁ:)v (i)

Dividing (i) by(ii) we get,
V3v=(B+1v=>B=vV3-1=0.732



sol. === or 8 =30°
4

with respect to flow, = 90° + 30° = 120°

sol.

> (East)

v, = 301 + 505 km/ hr

By = (=100)km/hr

r5a =(801+150j) km

By = By — By = —10i-301-501=40i-50j

1 (Tsa) - (Wpa)l
tmmimum = TGl

_ |(801+150)(—401—50j)|
(10va1)*

,__ 10700 107
10v41 x 10V41 41

= 2.6hrs.




42. Two particles A, B are moving on two concentric circles of radii R; and R, with equal angular
speed w. At t = 0, their positions and direction of motion are shown in the figure:

[12 Jan. 2019 1]

AY

The relative velocity vz —vg and t= % is given by:
(@ wR;+Rx) T (b)) —w(Ry +Rp) T (€) wR; =Ry) 1 (d) w(Ry —=Rp) T
T
sol. (c)From, 8 =wt= —

So, both have completed quarter circle

N

oR,| B

Relative velocity,

va —vg = WR (=) — wRy(—1) = w(R; — Ry)i

43. A particle is moving along a circular path with a constant speed of 10 ms™1. What is the magnitude
of the change in velocity ofthe particle, when it moves through an angle of 60° around the centre
of the circle?

[Online Aprill0, 2015]
(a) 10v/3m/s (b) zero (c) 10v2m/s (d) 10 m/s

sol. (d)



Vo v]
o

Change in velocity, |4V| = \/vZ + vZ + 2v,v, cos (1 — 6)

= 2vsin 2 Covi =) =v

1
=(2x10) x sin(30°)=2><10><§

= 10m/s

a

a a
@ 1 ® t ORI @ 1

—>r ' — — >

sol.  (c) Speed, V = constant (from question)

2
. . v
Centripetal acceleration, a=—
r

ra = constant

Hence graph (c) correctly describes relation between acceleration and radius.



NEWTON’S LAWS OF MOTION

III’ Inertia :

S Itis the inability of a body to change its state of rest or of uniform motion or its direction by itself.
S  Mass is a measure of inertia in translatory motion
©  Heavier the mass, larger the inertia & vice—versa.

Types of inertia: There are three types of inertia. (i) Inertia of rest (ii) Inertia of motion and
(ii1)Inertia of direction.

Inertia of rest: It is the inability of a body to change its state of rest by itself .

Ex:When a bus is at rest and starts suddenly moving forward the passengers inside it will fall back.
Inertia of motion: It is the inability of a body to change its state of uniform motion by itself.

Ex: Passengers in a moving bus fall forward, when brakes are applied suddenly.

Inertia of direction: It is the inability of a body to change its direction of motion by itself .

Ex:When a bus takes a turn, passengers in it experience an outward force.

A person sitting in a moving train, throws a coin vertically upwards, then

1) it falls behind him, if the train is accelerating

i1) it falls infront of him, if the train is retarding

ii1) it falls into the hand of the person, if the train is moving with uniform velocity.

iv) It falls into the hand of the person if the train is at rest

III’ Newton's First Law ( law of Inertia)

o

o
o

Every body continues to be in its state of rest (or) uniform motion in a straight line unless it is
acted upon by a net external force to change its state

It defines inertia,force and mechanical equilibrium.

If the net external force on an object is zero , then acceleration of object is zero.

III’ Linear momentum :

o
o

o

Linear momentum is the product of the mass of a body and its velocity. p = mv

Linear momentum is a vector.It has the same direction as the direction of velocity of the body. SI
unit: kgm s?', CGS unit: gcms!

D.F: MLT"!

Change in momentum of a body in different cases

Consider a body of mass m moving with velocity 171 and momentum Ff . Due to a collision (or) due
to the action of a force on it suppose its velocity changes to ; and momentum changes to 131 ina
small time interval D¢.

Change in momentum of body = DP = Ff - PI

Where P, = initial momentum

P,v = final momentum

DP= mv,- my,

‘Dﬁ‘z ‘Pj- é‘z \/Pf + B*- 2P Pcosq where , = angle between P, and P



Consider a body of mass ‘m’ moving with velocity ¢y; ’along a straight line

Case (i) : Ifithits a wall and comes to rest, Change in momentum of the body

Y

-

DP= B - P=0- (mi)

A

= - mvi »

Dﬁ‘ = mv , along the normal and away from the wall.

Case(ii) : If the body rebounds with same speed * v’ then 4= 180°

m y

o

DP= P-P= g (mﬁ);a- gmﬁ);hk - Cmv)i
\ ‘D 13‘ = 2mv, along the normal and away from the wall.

Case (iii) : If the body hits arigid wall normally with speed v, and rebounds with speed v, then g =180°,

AR AR RN

\\\\l

DP= 13]‘ - P, :[—(mﬁz)f]—[(mﬁl)f],
‘D 13‘ = m(v, + v,), along the normal and away from the wall.

Case (iv) : Abody of mass ‘m’ moving with speed ‘v’ hits a rigid wall at an angle of incidence
and rebounds with same speed ‘v’

AP 1s along the normal,away from the wall
AP. =-mvcos@ i—mvcos@ i AP, =mvsinf j—mvsin@ j
AP = AP +AP, =2mvcos @ (~i)

‘D IB‘ = 2mv cosq



mv

S Case(v) : In the above case if  is the angle made with wall then ‘D 7)‘ = 2mv sinqg , along the

normal and away from the wall.
Y Case(vi) : Projectile motion :

19

o]

u sinO
] ucose_
u cosO N_
usin® u
a)ln case of projectile motion the change in

momentum of a body between highest point and point of projection is

—

P. = (mu cos 9)f+(mu sin 6)}

P, = (mucosB)i+0 , AP =-(musin®) j
b) The change in momentum of the projectile between the striking point and point of projection is

P, = (mucos®)i +(musin0) j

P, = (mucos0)i —(musin®)] Ap_ (2mu sind) }

©  Anparticle of mass ‘m’ is moving uniformly with a speed ‘v’ along a circular path of radius ‘r’. As it
moves from a point A to another point B, such that the arc AB subtends an angle g at the centre, then
the magnitude of change in momentum is 2 mv sin(§/2) and is directed towards the centre of the
circle.




III’ Newton's second law:

©  The rate of change of momentum of a body is directly proportional to the resultant (or) net external
force acting on the body and takes place along the direction of force.

_ d ; . d (m;)
“ Fne = or Fnez =
Tt (on) dt -
_ d -
© In a system if only velocity changes and mass remain constant , £ = m7: =ma
: : : = _-dm
“ In a system, if only mass changes and velocity remians constant Fre = VE
Y Force is a vector and the acceleration produced in the body is in the direction of net force,
© ST unit : newton (N). CGS unit :dyne.
S One newton = 10° dyne.
S D.F=MLT"?
Gravitational units of force: Kilogram weight (kg wt) and gram weight (g wt); 1 kg.wt=
9.8 N, 1 gm.wt= 980 dyne.
AN

A metallic plate of mass ‘M’ is kept held in mid air by firing ‘n’ bullets in ‘t” seconds each of mass
‘m’ with a velocity ‘v’ from below.

mny
(a) If the bullet falls dead after hitting the plate then 5 =Mg

2mnv

(b) If the bullet rebounds after hitting the plate with same velocity then =Mg

EX.1: A force produces an acceleration16 ms? in a mass 0.5 kg and an acceleration 4 ms? in an
unknown mass when applied separately. If both the masses are tied together, what will be
the acceleration under same force?

Sol. Force F=ma=0.5x16=8N when both masses are joined and same force acts, acceleration is given

r o= 8 =32ms™
m+m  0.5+(8/4)

by a' =

EX.2: When the forces F|, F,, I} are acting on a particle of mass m such that 7, and F, are

mutually perpendicular, then the particle remain stationary. If the force 7 is now removed,

then find the acceleration of the particle .
Sol. If mass 'm' is stationary under three forces,

F+F,+F, =0
Re-(A+F,
F+F =F

. . . . F}+F/ F,
Obviously if F, is removed then the mass will have a="2—2(or)ya=-L
m m



EX.3: A body of mass m=3.513 kg is moving along the x-axis with a speed of Sms'.The
magnitude of its momentum is recorded as

Sol. m=3.513kg,v=5Sms™! momentum,
p =mv=3.513x5=17.565kgms"!

EX.4: A very flexible chain of length L and mass M is vertically suspended with its lower end
just touching the table. If it is released so that each link strikes the table and comes to rest.
What force the chain will exert on the table at the moment ‘y’ part of length falls on the table ?

M
Sol. Since chain is uniform , the mass of ‘y’ part of the chain will be [T )/j- When this part reaches the
table, its total force exerted must be equal to the weight of y part resting on table + Force due to the

momentum imparted
F_M

M
[*dyj\ﬂgy Mg M
L =—=yp+—v,/2
TRTTTa L L &

dy Mg M My
=V = — _ =3
( r j 7 y+ 7 28y A28y 3 . g

EX.5: A body of mass 8kg is moved by a force F =(3x)N, where x is the distance covered.
Initial position is y = 2 m and final position is x=10m. If initially the body is at rest, find the
final speed. [2014E]

Sol: F= Fem® L 3o @ &
olbmma = Frm = XM

dv
3x:8d V' = 3xdx =8vdv
x

10 v 2 10 V2 v
3.2[xdx = 8.(|).vdv . 3[71 = 8{?}0

3%96
3[100-4]=8 V> = v* = XS =36 — y=6ms"

EX. 6: Sum of magnitudes of the two forces acting at a point is 16 N. If their resultant is
normal to the smaller force, and has a magnitude 8 N, then the forces are (2012E)
Sol. F, + F, =16——(1) Resultant force is perpendicular to F, then F}-F=F’

R —F? =8 = (F, —F)(F, + F) =64
(F,—F)x16 =64——(2)
Solving(1) &(2),we get F, =6N,F, =10N

—~ b=
EX.7: Aparticleis at rest at x=a. A force /'= —?l begins to act on the particle. The particle starts

its motion, towards the origin, along X—axis. Find the velocity of the particle, when it reaches
a distance x from the origin.

b d b
F=—-—_ == =
Sol. - = dt(p) 2



i(mv)__i pvdx b
dt ¥ T dx dt X2

mvdv:—%dx:vdVZ—izdx

X mx

jvdv =I— b dx3ﬁ=£[l}x

. mx* 2 m|x
a

ﬁzk[l_l} . 2bla-x
2 mlx a] VT m\ xa
EX.8: A particle of mass m is at rest at the origin at time t=0. It is subjected to a force F(t)=F,e™”

in the X-direction. Its speed V(t) is depicted by which of the following curves.
(AIEEE-2012)

\ 4

701\
I AV
3)% 4) v(t)
t— —

Sol: As the force is exponentially decreasing, its acceleration, i.e,rate of increase of velocity will decrease
with time. Thus, the graph of velocity will be an increasing curve with decreasing slope with time.

azﬂzﬂe_bt :}ﬂzﬂe_bt DJ.dV:J‘Eeibtdt
m m dt m 0 oM
t 0
= p= ﬂ(i) e—bt — ﬂ(lj e—bt
m\ —b 0 m\ b ,
PZ) 0 —bt FO —bt
=—1 e —e " |)J=—(1-e
o J=—t(1-¢™)

So, velocity increases continuously and attains a maximum value, Vyx = —- Ans: 3

EX.9: A bus moving on a level road with a velocity v can be stopped at a distance of x,
by the application of a retarding force F. The load on the bus is increased by 25% by
boarding the passengers. Now, if the bus is moving with the same speed and if the

same retarding force is applied, the distance travelled by the bus before it stops is
[2014E]



Sol :By using equations of motion v? - u?> = 2as

vi—u? :—2(5}9 —u’ :—2(5)5‘
m m

2 FS 2FS m] Sl
u =2—_m=—;
m u m, §,

Givens, = x ,m =m, and

= +£(m) =m+
mz—m 100 =m

m Sm m X _Sx
—_— = 5m/4_S2 =8 = 4 —(125X)m

4 4
III. Applications of variable mass :
S When a machine gun fires ‘n’ bullets each of mass ‘m’ with a velocity v in a time interval ‘t’

nmy

then force needed to hold the gun steadily is £ =

S When a jet of liquid coming out of a pipe strikes a wall normally and falls dead , then force exerted
by the jet of liquid on the wall is F=Adv? A = Area of cross section of the pipe v = Velocity of jet
d = density of the liquid

Y Ifthe liquid bounces back with the same velocity then the force exerted by the liquid on the wall
is F=2A4dv’

S Ifthe liquid bounces back with velocity y'then the force exerted on the wall is F = Adv(v+V')

S When a jet of liquid strikes a wall by making an angle '@' with the wall with a velocity ‘v’ and

rebounds with same velocity then force exerted by the water jet on wall is F =2 4412 sin @

dm
Y If gravel is dropped on a conveyor belt at the rate of E,extra force required to keep the belt

o : : dm
moving with constant velocity 'y, is £ =u I

EX.10:A gardener is watering plants at the rate 0.1litre/sec using a pipe of cross- sectional area
1 cm’. What additional force he has to exert if he desires to increase the rate of watering two
times?

(Av)2 d

Sol :F =Ady?= . If rate of watering of plant (A v) is doubled, it means that the amount of water

poured/sec is doubled which is possible only if velocity is doubled. Hence, force is to be made 4 times.
. L , ()
. Additional force = 3 times initial force =3A4dv° = 370’

~3x0.1x0.1x10’
- 107
EX.11: A liquid of density o flows along a horizontal pipe of uniform cross — section A with a
velocity v through a right angled bend as shown in Fig. What force has to be exerted at the
bend to hold the pipe in equilibrium?
Sol :Change in momentum of mass Ay of liquid as it passes through the bend

=3x10°N



APsz—P:\/EAmV
AP
At

F= =(x/§)vAA—’?;[as Am= pAAL]

F :ﬁvw;[as AL/Atzv]

F =\2pA4
EX.12:A flat plate moves normally with a speed v, towards a horizontal jet of water of uniform
area of cross section. The jet discharges water at the rate of volume V per second at a speed of

v,. The density of water is 7 . Assume that water splashes along the surface of the plate at right
angles to the original motion. The magnitude of the force acting on the plate due to the jet is

d dm dm V
Sol. Force acting on the plate /' =—— P =u,—— Since A, =V =>—=A, +v)p=—V +V,)p
dt dt dt v

(u, =v, +v,= velocity of water coming out of jet w.r.t plate)

F=+v,).— (v1+v2)p—v Vv +v)’ P N

2 2

|||) Impulse ( /) :

It is the product of impulsive force and time of act ion that produces a finite change in momentum
of body.

J=Ft = m(v-u) = change in momentum. SI unit: Ns (or) Kg - ms!; DF: MLT"!

It is a vector directed along the force

change in momentum and Impulse are always in the same direction.

For constant force, J=Ft,

Impulsive force is a variable, then

rereoer

7_dp J = Fai
dr .

The area bounded by the force-time graph measures Impulse.

4

s



t <>t
At

Application of Impulse :
a) shock absorbers are used in vehicles to reduce the magnitude of impulsive force.
b) A cricketer lowers his hands, while catching the ball to reduce the impulsive force.

EX.13: Find the impulse due to the force f = af + bt}' , Where a=2 N and b=4 \¢"' if this force acts
from t=0 to t=0.3s

iy 0.3 n “
Sol: = [Fdt = [ (ai+btj)dt
t. 0

0.3 R 0.3 R . l‘z 0.3,\
J=ajdn+bjtdtj :a[t]gjiu{ﬂ i
0 0

0

. 03) ~ . ~
=2><0.3><i+4><( 2) xj=0.6i+0.18; NSec
EX.14:A ball falling with velocity ;,. :(_0_652_0,35}) ms™! is subjected to a net impulse

I= (0-62+0.18}) Ns. If the ball has a mass of 0.275kg, calculate its velocity immediately

following the impulse

R
’ m
7y =—0.657~035) + 20187
0.275

v, =—0.65/ —0.35]+2.18] +0.655]

¥, =(1.537+0.305])ms™"

EX.15:A body of mass 2kg has an initial speed 5 ;5 '. A force acts on it for some time in the
direction of motion. The force—time graph is shown in figure. Find the final speed of the body



F(N)

al__2& B
[} }
C
P30 NS — ! D
[} ] |
| F Gl lu|g _
O 2 4 4.5 6.5
t — (sec)

Sol. Area of OAF =%x2><4= 4

Area of ABGF=2 x 4=8

Area of BGHC = %(4+ 25)x05 = 1.625

Area of CDEH=2 x 2.5=5
Total area under F-t graph = Change in momentum
= m(v—-u)=18.625

18.62
y= 8.6 5+5:14.25ms_1

EX.16:A bullet is fired from a gun. The force on a bullet is, F — 600 —2x10°s newton. The force
reduces to zero just when the bullet leaves barrel.Find the impulse imparted to the bullet.
Sol. F=600—-2 x 10° t, F becomes zero as soon as the bullet leaves the barrel.

0=600-2x%10°t= 600=2x10%¢

t=3x107°s = Impulse = IFdf
0

: 5 7 3x10
= j(600—2x105z) dt = {600!—2x105 %}
0 0
=600 x3x10°—10°x 9 x 10°= 0.9Ns
Equilibrium: The necessary and sufficient conditions for the translational equilibrium of the rigid
body.

>F=0;2XF =0, XF,=0, XF =0 Forrotational equilibrium
Yr=0:27,=0, 27r,=0, X7, =0

- dv _ dv
Y Asforabody, F=0,mi=0 (aSan’a) EZO (as m is finite and @ :E ) ¥ =constant or zero

Y Ifabody is in translatory equilibrium it will be either at rest or in uniform motion.If it is at rest, the
equilibrium is called static,otherwise dynamic.
S If “ n’coplanar forces of equal magnitudes acting simultaneously on a particle at a point, with the

360
angle between any two adjacent forces is @’ and keep it in equilibrium, then 6 = .



III’ Lami’s Theorem :

© If an object O is in equilibrium under three concurrent forces E,FZ and ]73 as shown in figure.

L _ 5 5
sina@  sinf siny

Then,

v
o]l

2
©  If the bob of simple pendulum is held at rest by applying a horizontal force ‘F’ as shown in fig
LA

If body is in equilibrium

Tsin@=F, Tcos@=mg,
F=mgtan@, 1IF2+(mg)2 =T
x_ L _NP-x

F T mg

EX.17:A mass of 3kg is suspended by a rope of length 2m from the ceiling. A force of 40N in the
horizontal direction is applied at midpoint P of the rope as shown. What is the angle the rope
makes with the vertical in equilibrium and the tension in part of string attached to the ceiling?
(Neglect the mass of the rope, g=10m/s?)

Sol :Resolving the tension T, into two mutually perpendicular components, we have

T cos@=W =30N 1, sin@ =40N
4 4
Stanf =— O=tan™'| — |=53°
n0=7 (on 0=t (J

EX.18:A mass M is suspended by a weightless string. The horizontal force required to hold the
mass at 60° with the vertical is (2013E)



Sol :

F=Tsing  ----- (1
Mg =Tcos@ ----- 2)
Dividing Eq.(1) and Eq.(2)

F  Tsiné
Vg: T cosd F =Mgtan @

F =Mgtan60°; F=+3Mg
EX.19:A chain of mass 'm' is attached at two points A and B of two fixed walls as shown in the
figure. Find the tension in the chain near the walls at point A and at the mid point C.

Sol.

. 1
2Tsinf@=mg =T = Emgcosecﬁ
i1) Tension along horizontal direction is same everywhere
- (no external force is acting on it in horizontal direction.)
mgcosf mgcotd
2sin @ 2

T'=Tcosf =




III’ Newton's third law:

o
o

o

rr

rr

o

For every action there is always an equal and opposite reaction

Action and reaction do not act on the same body and they act on different bodies at same instant of
time

Action and reaction, known as pair of forces, are equal in magnitude and opposite in directions
acting on different bodies in interaction. So they never cancel each other

Newton’s third law is not applicable to pseudo forces.

Newton’s third law defines nature of force and gives the law of conservation of linear momentum.
Examples:

When we walk on a road we push the road backwards and road applies equal (in magnitude) and
opposite force on us, so that we can move forward.

When we swim on water we push water backward and water applies equal (in magnitude) and
opposite force on us,so that we can move forward.

Abird is in a wire cage hanging from a spring balance. When the bird starts flying in the cage, the
reading of the balance decreases.

If the bird is in a closed cage (or) air tight cage and it hovers in the cage the reading of the spring
balance does not change.

In the closed cage if the bird accelerates upward the reading of the balance is R=W,, , + ma

Limitations of newton’s third law:-

Newton’s third law is not strictly applicable for the interaction between two bodies separated by
large distances, of the order of astronomical units.

It does not apply strictly when the objects move with velocity nearer to that of light
It does not apply where the gravitational field is strong.

Normal reaction/force : Normal force acts perpendicular to the surfaces in contact when one
body tries to press on the surface of the second body.In this way second body tries to push

away the first body.
A
A
t /ﬂ@
K
B B B B

When the body lies on ahorizomntal—surface N=1mg

ARRRRRRRRRRLLLLOD CACCCCRRRRRRRRRRRRANAO

v
mg




S When the body lies on an inclined surface
N = mgcosg

mg cosd  mg

Free Body Diagram:- When several bodies are connected by strings, springs, surfaces of
contact, then all the forces acting on a body are considered and sketched on the body under
consideration by just isolating it . Then the diagram so formed is called Free Body Diagram (FBD).
Some examples:

1) Ablock is placed on a table and the table is kept on earth. Assuming no other body in the universe
exerts any force on the system,make the FBD of block and table.

m,

m2
FBD of block, N,=mg
FBD of table N, =N, +m,g=mg+m,g=(m +m,)g
N,
m, [ l ]
|
LN
m,g
T

m,g
ii) A block of mass M is suspended from the ceiling by means of a uniform string of mass m.Find
the tension in the string at points A,B and C. B is the mid point of string. Also find the tensions A,B
and C if the mass of string is negligible or it is massless.
ii) A block of mass M is suspended from the ceiling by means of a uniform string of mass m.Find
the tension in the string at points A,B and C. B is the mid point of string. Also find the tensions A,B
and C if the mass of string is negligible or it is massless.

[/ /( [// /)




Tension at any point will be weight of the part below it.
m
So, Ty=(M+m)g.T,=| T +M |g.T-=Mg.

Now if the string is massless: m=0 then 7, =T, =7,. = Mg . So in a massless string, tension

is the same at every point.
(i11) Find the tension in the massless string
connected to the block accelerating upward.

mg

B<—3

Net force :
F,=T-mg  Nowapply F,

net

=ma

et

:T—mg:ma:T:mg+ma:m(g+a)

Note: If ‘a’ is downward, then replace a with -a; we get T=m(g—a)

In free fall a=g then T=0.

Frames of Reference:

A system of coordinate axes which defines the position of a particle or an event in two or three
dimensional space is called a frame of reference.

There are two types of frames of reference

a) inertial or unaccelerated frames of reference

b) non-inertial or accelerated frames of reference

Inertial frames of reference :

a) Frames of reference in which Newton’s Laws of motion are applicable are called inertial frame.
b) Inertial frames of reference are either at rest or move with uniform velocity with respect to a
fixed imaginary axis.

¢) In inertial frame, acceleration of a body is caused by real forces.

d) Equation of motion of mass ‘m’ moving with acceleration ‘a’ relative to an observer in an

inertial frame is Z F.,,=ma

eal

Examples:

1) A lift at rest,

2) Lift moving up(or)down with constant velocity,

3) Car moving with constant velocity on a straight road.

Real Force : Force acting on an object due to its interaction with another object is called a real
force.

Ex: Normal force, Tension, weight, spring force, muscular force etc.

a) All fundamental forces of nature are real.

b) Real forces form action, reaction pair.



Non-Inertial frames :

a) Frames of reference in which Newton Laws are not applicable are called non-inertial frames.
b) Accelerated frames move with either uniform acceleration or non uniform acceleration.

c) All the accelerated and rotating frames are non-inertial frames of reference.

d) Examples:

1) Accelerating car on a road.

2) Merry go round.

3) Artificial satellite around the earth.

Pseudo force :

a) In non-inertial frame Newton’s second law is not applicable. In order to make Newton’s second
law applicable in non-inertial frame a pseudo force is introduced.

b) If ; is the acceleration of a non-inertial frame, the pseudo force acting on an object of mass m,

as measured by an observer in the given non-inertial frame is F ., = —ma

i.e. Pseudo force acts on an object opposite to the direction of acceleration of the non-inertial
frame.

c¢) Pseudo forces exist for observers only in non-inertial frames, such forces have no existence
relative to an inertial frame.

d) Equation of motion relative to non-inertial frame is Z(Freal + ﬁpseudo) =md

Where ' is the acceleration of body as measured in non-inertial frame.
e) Earth is an inertial frame for an observer on the earth but it is an accelerated frame for an
observer at centre of earth (or) in a satellite.

Examples : (i) Centrifugal force and deflection of pendulum relative to accelerating car.(ii) Gain
or loss of weight experienced in an accelerating elevator.

|||’ Apparent weight of a body in a moving elevator
Weight of a body on a surface comes due to the reaction of a supporting surface, i.e.,Apparent
weight of a body in a lift

W,,, = Reaction of supporting surface. Consider a person standing on a spring balance , or in a lift.
The following situations are possible:
Case(1) :If lift is at rest or moving with constant velocity then the person will be in translatory

equilibrium. So, R = mg

L Wy, =mg [as W,

app 'pp

=R]

or W, =W,[as W, =mg =true weight]

tr tr R

70 kg 80 kg 60 kg
img ¢mg ¢mg
(a) (b) (¢)




i.e., apparent weight (reading of balance) will be equal to true weight.
Case(ii) : If lift is accelerated up or retarding down with acceleration a from Newton's I law we
have

R-mg=ma or R=m(g+a)

a a
or W, =m(g+a) ng{l“‘g}:W{“‘g} or W, >W,

i.e., apparent weight (reading of balance) will be more than true weight.
Case (iii) : If lift is accelerated down: or retarding up with acceleration ‘a’ mg—R =ma 1.e.,

R=m(g—a)

app app

or W, =m(g—a)las W, =R]:mg{1_§}

a
i.e., I/Vapp = I/VO |:1 _§i| WW<VI{;

i.e., apparent weight (reading of balance) will be lesser than true weight.
Note: If a > g, W

.»» Will be negative; negative weight will mean that the body is pressed against
the roof of the lift instead of floor (as lift falls more faster than the body) and so the reaction will
be downwards, the direction of apparent weight will be upwards.

Case (iv) : If lift is in freely falling, Then a=g,
Somg—-R=mg ie, R=0.So, W, =0

app ~

IEI‘V v
A= 7 \
#Satdllite™ g\
oy 146\
\ @ o/ \
v \, Planet / / \
a:g \\\_’//
(a) (b) (¢)
() Freely falling lift

( b ) Satellite motion
( ¢) Projectile motion

1.e., apparent weight of a freely falling body is zero.
Y This is why the apparent weight of a body is zero, or body is weightless if it is in a (i) lift whose

cable has broken, (ii) orbiting satellite.
EX.20: A mass of 1kg attached to one end of a string is first lifted up with an acceleration 4.9m/

s> and then lowered with same acceleration. What is the ratio of tension in string in two
cases.



Sol :When mass is lifted up with acceleration 4.9m/s? T, =m(g+a)=1(9.8+4.9)=14IN

When mass is lowered with same acceleration T,= m(g—-a)=1(9.8-4.9)=49 N
.'.E:—14'7 =3:1
I, 49

EX.21:The apparent weight of a man in a lift isW, when lift moves upwards with some
acceleration and is W, When itis accelerating down with same acceleration. Find the true weightof the
man and acceleration of lift.

Sol :(a) W) =m(g +a),W, =m(g—a)

m+w, _
2

w

W +W, =2mg =W +W, =2W (. W =mg) =

W _m(g+a) g+a
® o, " mg—a) " g-a

W+ W -
E MWy g W -
a VVl—Wz VV1+W2

III’ Connecting Bodies:

©  Ifmasses are connected by strings then acceleration of system and tension in the strings on smooth
horizontal surface are

Fe M [ M,

2)

Free body diagram for M,

Ted M, [T=M,a ....(1)

Free body diagram for M,

Fed M, l»T F-T=Mga...(2)

from (1) and (2)
a=— B gpar= Mt
(M, +M,) (M, +M,)

T, T T, T,
b) Fe— M, p—€ M, p—¢ M

(Y




qQ=—; =
M +M,+M,” " (M, +M,+M,)

F___ . (M+M)F

— M 3F
P O(M+M,+ M)
Y If masses are connected by a string and suspended from a support then tension in the string when
force F is applied downwards as shown in the figure

A Tz
M,
A 4 Tl
A
M,
b
Free body diagram for M,
A T,
A,
II=F+M,g ... (1)
i P
M,
Free body diagram for M,
T T2
MM |
IL,=T,+M,g ............ (2)

From (1) and (2), ILL=F+(M,+M,)g



EX.22: Three blocks connected together by strings are pulled along a horizontal surface by
applying a force F. If F= 36N, What is the tension T,?
8kg 27kg

T, T,
— > ——F

lkg

Sol :Suppose the system slides with acceleration ‘a’.
m, =lkg,m, =8kg,m, =27kg

F-T,=mya,T,-T, =mya,T,=ma
Solving the above equations ,we get

F 36 _36_

_ 7 = )
m; +m, + m; 1+8+27 36 ms

a =

From the above equation, 7, = F —m,a

T,=36-27x1=9 N

Contact Forces : When two objects are in contact with each other, the molecules at the interface
interact with each other. This interaction results in a net force called contact force. The contact
force can be resolved into two components.

(a) Normal force (N): Component of the contact force along the normal to the interface. Normal
force is independent of nature of the surfaces in contact.

(b) Friction (f): Component of the contact force along the tangent at the interface. Friction
depends on the roughness of the surfaces in contact. This component can be minimised by polishing

the surfaces.
> The tension and contact forces are self adjustable forces. Their magnitude and direction change

when other forces involved in a physical arrangement change.
“  Masses are in contact on a smooth horizontal surface:

F
— fef,

Mo M,

f—f
— > M,

contact force f=f=f=Mj
free body diagram forM,




Ff=Ma ..... (1)
free body diagram for M,

f=f
— > M,
=M ......... (2)
From (1) and (2)
F M,F

a=——— .
(M, +M,) contact force, f M, + M,

Contact forces are as shown in the figure

— M M, M,

F

a) Acceleration of system, a=
(M, +M,+M,)

b) Contact force between M, and M, f=(M,+M,)a

c) Contact force between M, and M,, f'=M.a

Atwood’s Machine :

Masses M, and M, (M> M )are tied to a string , which passes over a frictionless light pulley The

string is light and inextensible.

T T
T T
M,
M,
Acceleration of the system. a = = ¥2)8
cceleration o c SYS cm, ]M1 + M2
T T
Tension in the string , M+ M,

4M M, J

Thrust on the pulley , 27 = ( M +M
1 2



Y If the pulley begins to move with acceleration gz then

i) If the pulley accelerates upward , then %er = A -Y, (g+@)and T = MM, (g+a)
puliey pward, " M+ M, "\ M+ M,
§ (M, -M,
i1) If the pulley accelerates downward, then ~ %ner = —M1 M, (g-a) and
2M M
AT i ek T PP
net (Ml +M2 J(g a)
| | V7 VAP
S Thrust on the pulley when it comes downward with acceleration ‘a’ is * ~— ( M M ) g§—4a
1 2

EX.23:The maximum tension a rope can withstand is 60 kg-wt.The ratio of maximum acceleration
with which two boys of masses 20kg and 30kg can climb up the rope at the same time is
(2011E)

Sol. m; =20kg,m, =30kg, T = 60kgwt = 600N
For ‘m,’; T—mg=maq,
600-20x10=20xa, = a, = 20ms™ For “m,’;s T—m,g =m,a,
600-30x10=30xa, = a, =10ms™"
a :a,=20:10=2:1
EX.24:Figure shows three blocks of mass ‘m’ each hanging on a string passing over a pulley.
Calculate the tension in the string connecting A to B and B to C?

Sol. Net pulling force =2 mg — mg = mg
Total mass =m+m + m=3m

T, T,
By a
dT A vy T,

g

Acceleration, @ = == =
cceleration, 3m 3

Considering block A,

Li-mg=ma; Ti=mg+ma

T :mg+m(§J =T :%mg



mg mg

Considering block C,

mg—T, =ma =T, =mg—ma

2
=T =mg-"5="mg

3 3
EX.25:A man of mass 60 kg is standing on a weighing machine kept in a box of mass 30 kg as

shown in the diagram. If the man manages to keep the box stationary, find the reading of the
weighing machine.

Sol. we know that Normal reaction = scale reading
Forman,7 = Mg —-R
* :
T

m R
i ;

Mg
mg

Forbox: T=mg+R
Mg—-R=mg+R; 2 R =M —-m)g

60- 30) 10
R= %= 150N



EX.26:Two unequal masses are connected on twosides of a light string passing over a light and
smooth pulley as shown in figure. The system is released from rest. The larger mass is stopped

for a moment, 1sec after the system is set into motion. Find the time elapsed before the string is
tight again . (g =10 m/s?)

lkg

2kg
Sol. Net pulling force =2g — 1g = 10N Mass being pulled =2 + 1 =3 kg

Acceleration of the system is g = ?m /s* Velocity of both the blocks att =1 s will be
v, =at= [%) (H)= % m/s. Now, at this moment velocity of 2kg block becomes zero, while that of

lkg block is ? m/s upwards. Hence, string becomes tight again when displacement of 1 kg block
= displacement of 2 kg block.

1 2 1 2 2
vot—Egt zzgt = gt” =t

0003 1

g 10 3

EX.27:In the figure, if m_ is at rest, find the relation among m, , m, and m, ?
Sol. m_ is atrest = point B does not move, m, and m, move with acceleration




S  Two blocks are connected by a string passing over a pulley fixed at the edge of a horizontal table

o

then the acceleration of system and tension in the string (M ,>M 1)

M,g-T=M,a and T =M,a

=a ___Me

(M, +M,)
T=Ma=—2M8
(M, +M,)

Acceleration and Tension in the string when bodies are connected as shown in the figure if

M, > M,
T, T

UI M, M, la

Mg-T,=Ma ;T,-T,=M,a

I,-M;g=M;a
= (MI_MS)g
(M, +M,+M,)

T M,g(2M, +M,) T M, g(2M,+M,)

POM MM, 0 M+ M, + M,
Masses are attached to a string passing through the pulley attached to the edge of an inclined plane,
acceleration of system and tension in the string if M, moves down

M,—M,sin6
M +M, ’

T M M ,(1+sin9)
Lo



Thrust on the pulley : Resultant Tension =

T, =T +T? + 2T cos(90 - 6)

T, =2T*(1+5sin @) = T+/2(1+sin O)

EX.28:By what acceleration the boy must go up so that 100 kg block remains stationary on the wedge.

The wedge is fixed and is smooth.(g = 10m/s?)

Sol :For the block to remain stationary,

T =Mgsinf =100 x 10 x sin 53=100 x 10 x

Forman; T-mg=ma

T=m(g+a)= 800=50(10+a) g = 6m/s?

ESOkg

4
—= 800N

EX.29:The system as shown in fig is released from rest. Calculate the tension in the strings and
force exerted by the strings on the pulley. Assuming pulleys and strings are massless

3 kg

1 kg

2 kg
Sol: T-1g=la — (1)
T,-T=3a — (2)
2g-T,=2a —3)

Solving the above equations,

we get , a=%m/s2



Force on pulley P, is F, =T + T \/_ 3 \/—
. 5V2g
Force on pulley P, is F, =T + T} :\/EZZTN

If position of masses is interchanged,then the tension in the string and acceleration remains
unchanged.

If M, slides down then M, moves up on double smooth inclined plane then the acceleration of

M,sin f—M, sina
system and tension in the string are given by, acceleration , a = g

M +M,
MM,g . .
. - ——==—(sina +sin )
Tension, T ( M, + Mz)
Resultant Tension

T, :\/T2 +T% 42T cos[180—(a+,3)]

:\/2T2 [l—cos(a+ﬂ)]

Note:- If M, sin f=M,sina=a=0
= System does not accelerate



EX.30:In the adjacent fig, masses of A, B and C are 1kg, 3kg and 2kg respectively. Find a) the
acceleration of the system b) tension in the string (g = 10m/s?)

Sol . a) In this case net pulling force

= m,gsin60° +m,gsin 60° —m, g sin 30°

(1)(10)§+(3)(10)(% -(2)(10)[%] =24.64N

Total mass =1+ 3 +2 =6kg

24.64

. Acceleration of the system @ =——= 4.1m/s’
b) For the tension in the string between A and B.
FBD of Body A
T,
V

m,g sin 60
m,gsin60—-T =m a
T,=m,gsin60—m,a=m,(gsin60—a)
T, = (1)[10x§—4.1j =4.56N
For the tension in the string between B and C
FBD of body C

m.g sin 30

Tz—mcgsinfi()o =m.a; T, :mc(gsin30°+a)

T, = 2(10(%}4.1) —18.2N



© A force F is applied on the massless pulley as shown in the figure and string is connected to the
block on smooth horizontal surface. Then

T

I T F
m

F=2T and T = ma,,,
©  If the block moves a distance ‘x’ the pulley moves x/2 (Total length of the string remains constant)

Apiock

2

Therefore acceleration of the pulley =

T F/2 F

2m 2m 4m’
III' Constrained Motion:

Y (a) Constraint : Restriction to the free motion of body in any direction is called constraint.
(b) Constrained Body : A body, whose displacement in space is restricted by other bodies,
either connected to or in contact with it, is called a constrained body.
(¢) Kinematic Constraints : These are equations that relate the motion of two or more
particles.
(d) Types of Constraints :
1) General constraints  ii) Pulley constraints
ii1) Wedge constraints  iv) Mixed constraints

III’ General Constraints:

i) A body placed on floor : The floor acting as a constraint restricts the kinematical quantities in
the downward direction such that

TWWWWIWTWWWWWI_ l—”(

y=0;Vv,= 0 and a,= 0 for the body placed on the floor.

ii) Two bodies connected with a string or rod.

inextensible string inextensible rod




The string / rod is inextensible.

.". Displacements of A and B are equal in horizontal direction = s, = s

B
ds, ds,
Differentiating w.r.t time, E = E =V, =V
L L dv, _dvg
Again differentiating E = 7 = a,=day

iii)Two bodies in contact with each other
Y Displacement of A and B are equal in horizontal direction.

_>A

B
LA R

=8, =5,
By differentiating, we will get v, =v, and a, = a, in horizontal direction

III’ String Constraints:

©  For example, the motion of block A is downwards along the inclined plane in fig. will cause a
corresponding motion of block B up the other inclined plane.Assuming string AB length is

inextensible, i.e., length of AB is constant.

.". The displacements of A(xA) and B(xB) areequal . x,=Xx,
Differentiating w.r.t. time, = v, =v,

Once again differentiating w.r.t. time,= a , = a,

i.e., if one body (A) moves down the inclined plane with certain acceleration, then the other body
will move up inclined plane with an equal acceleration (magnitude).



Alternate Method : First specify the location of the blocks using position co-ordinates S, and
S

B

From the fig. the position co-ordinates are related by the equation s, + /., + 5, = L

where /., = the length of the string over arc

CD = constant L = total length of the string = constant Differentiating w.r.t. time, we get

ds, ds,

By Bp
dt  dt

The negative sign indicates that when block A has a velocity downward, i.e., in the direction of

=0 = v, =—v,

positive s, it causes a corresponding upward velocity of block B, i.e., B moves in the negative

Sp direction.

dv dv
L=-—2 = 4,=-a, Similarly

dr dt

Again differentiating w.r.t. time,

a
— >

i %7

A

X, =X,=>V, =V, =a,=d,

2)




X =Xp =V, =Vp=0a,=dg

P Wedge constraints :

For wedges in contact the constriant is that velocity and acceleration along common normal is
same for both bodies
Ex. 30a : Find the relation between velocity of rod and that of wedge at any instant

N

my

w7 v

mj

) O

Sol. Component of velocityalong perpendicular to the contact plane must be equal.

v, cos0 =v, cos 6(900 —6)
v, cos0=v,sinO
tan0 =1

Vs

Ex. 30b. Find the relation between a and a,

my =
H a, _E_
ap =
ml 9 E
L

Sol. Accelaration of rod w.r.t wedge



——
L nm

appy =41 =4y ]

7

d,.,, must be along the incline

a
tanf =—=2
a,

III’ Mixed constraints :

Ring sliding on a smooth rod :

©  Consider a ring of mass m connected through a string of length L with a block of mass M. If the
ring is moving up with acceleration a_ and a, is the acceleration of block. As the length of the
string is constant,

L=yd*+y" +x

Since, L is constant, differentiating with respect to time t, we get
dL 1 2 d dx
it et b el
(d 24y’ )2
dx

d
Since ?); =v_and —=V,, and

dt



Y

oSl =—coo—
\/d2+y2

By differentiating, relation between a_ and a,, can be obtained, however, while doing so remember

S0 v, =—v, cos6

that cos @ is not constant, but it is variable.
Two blocks connected with pulley : If the blocks are connected as shown in fig, then the

length of the string is

L=2d*+y" +x

Since, L is constant, differentiating with respect to time t, we get
dL 2x2 d dx

dr “\dt) dt
2 (d 24y’ )2
= 2v,cos0+v,=0; v, =-2v,cosd
EX.31:Arod of length ¢ ’is inclined at an angle ¢ 9’with the floor against a smooth vertical wall.If
the end A moves instantaneously with velocity v; ,what is the velocity of end B at the instant

when rod makes ¢ 9’ angle with the horizontal.
Sol: Let at any instant,end B and A are at a distance x and y respectively from the point ‘O’.

Y A
A
v,y
/
Yy
e A - A -
@) X By, X
Thus we have, x2 + y? =% ...cccceeeee. (1)

Here 1 is the length of the rod,which is constant. Differentiating eq (1) with respect to time,we get

d -2 o2 d » dx dy
—(x"+ =—(7): 2x—+2
dt(x »o) dt( ), 2x y

2o
dt " dt



12 vy and D=
a2
_JY
x(vy)+y(-=v)=0 =W —;V1 =y tand

EX.32:In the fig, find the acceleration of mass m,
Sol: ¢, +2¢, = constant
on differentiating v, +2v, =0
Again differentiating

a,+2a,=0=a, =-2a,
LT

mZ
'- ve' sign indicates that the accelerations are in opposite direction.Suppose acceleration of m, is

a, downward and then acceleration of m; will be a; upwards.
T—mg=ma,

T'=mg+ma,

m,g —2T =m,a,
a,
T + 2T

m,g
m,g —2(m g +ma,) = m,a,
m,g—2mg=mya,+4ma, (..a,=2a,)
'—' sign should not be substituted

4 :(mz—Zml)g .

: 4m, +m, ms



EX.33:In the fig, find the acceleration of m, and m,

M L
14
! T T 0,
2T
v [m.
aZ
m,g
— al
Sol. ¢, +2¢, = constant m, T
a,=2a, ; T=ma,
m,g —2T =m,a, ; m,g=2ma, +m,a,
for
m, ¢ PR Y 0= 2m,g
myg =2m, (2a,)+mya, I T Amo4m, 0 4m +m,

m,g

EX.34:A pendulum is hanging from the ceiling of a car having an acceleration a, with respect to
the road. Find the angle made by the string with vertical at equilibrium. Also find the
tension in the string in this position.

01
: —>» 4,

€ - » T sin O




Sol : T'sin@ = ma,......(i); T cos @ = mg......(ii)

a

dividing (1)&(i1) tané= EO
.. The string is making an angle eztan’l(%J with the vertical at equilibrium
Squaring and adding (i) and (ii)

T2sin26?+T2coszt9=m2(a§ +g2)

T=mya, +g°

EX.35: For what value of ‘a’ the block falls freely?

X

Sol :In the time the wedge moves a distance ‘x’ towards left with an acceleration a the block falls from
a height ‘h’ with acceleration ‘g’

a
x:%aﬂ’h:%gﬁ 3%:§’3C0t9:§ = a=gcotf

EX.36:A block of mass m is placed on a smooth wedge of inclination g. The whole system is accelerated
horizontally so that the block does not slip on the wedge.Find the i) Acceleration of the wedge ii)
Force to be applied on the wedge iii) Force exerted by the wedge on the block.

Sol. (i). For an observer on the ground : R cos 0

Rsin@ =ma, R cos 0 =mg

= a=gtand
i) F=M-+m)a=(M+m)gtan g
ii1) Force exerted by the wedge on the block

mg

= R= or R =mgsect

cosd



Note :If inclination is given as 1 in x, sinf = <

1
tand =
an X2 =1 ﬁl

— Acceleration @=gtanf=

g
x' -1
EX.37:Two fixed frictionless inclined planes making an angles 30° and 60° with the vertical are

shown in the figure. Two blocks A and B are placed on the two planes. What is the relative
vertical acceleration of A with respect to B? (AIEEE-2010)

9

60° 3()°

Sol: mgsin@ =ma = a=gsind
where a is along the inclined plane
. vertical component of acceleration is gsin® &
a =d;p=4d,—dg
. relative vertical acceleration of A with respect to B is & (Siﬂ2 60° —sin’ 300) = % =4.9ms™
(in vertical direction)

EX.38:For what value of 'a' block slides up the plane with an acceleration 'g' relative to the
inclined plane.

Sol.
Fot =macos@—mgsin @
ma' = macos @ —mg sin

If d'=g,mg =macos@—mgsinf



ma cos 0

acosf@=g+gsinfd = a:g(

= a = g(sec+tan 0)

EX.39:A solid sphere of mass 2kg rests inside a cube as shown. The cube is moving with velocity

v = (5ti + 2()ms ' where 't' is in sec and',, ' is in m/s. What force does sphere exert on cube?

Y

Sol. Asgiven, p=5+2¢];

d dv
.'.a:U=5a= z

Y dr Y 4

<

=

*

mg
When cube is moving with above accelerations along x and y-axes, the forces that exert on cube are
F.=-ma,=-2x5=-10N
F,=—(mg+ma,)=-(20+2x2)=-24N
Net force, F=y(F.) +(F, )2

= J(10)* +(24)’ =26N



EX.40:A block is placed on an inclined plane moving towards right with an acceleration a = g.

The length of the inclined plane is /;. All the surfaces are smooth. Find the time taken by the
block to reach from bottom to top.

ma cos 0
30
ma,
mg sin 6
30°
Sol. ma =ma, cos30° —mg sin30°
e ma, c0s30° —mgsin30°
m
1 .
ma,——- mg—  _ 2f3- 19
e 2 = gé i
m o
fi s—ut+la12~ / =lat2
rom S 075

_ 1 BB-9, 40
E“Egg 2 %j:ﬂ: : sec
g(v3- 1)

EX.41:A pendulum of mass m hangs from a support fixed to a trolley. The direction of the string
when the trolley rolls up a plane of inclination 4 with acceleration a, is

Sol.

Tsing= ma,+ mgsing ------------- (1)

T cosq= mgcosa

(0] tang = a,+ gsina
® = gcosa

1S, + gsina Y
g= tan rgh T ESRGy

& gcosa H




EX.42:A block slides down from top of a smooth inclined plane of elevation ; fixed in an eleva-
tor going up with an acceleration a.The base of incline has length L. Find the time taken by
the block to reach the bottom.

X
A

(1) N normal reaction to the plane,
(i) mg acting vertically downwards,

(111) ma, ( pseudo force).acting vertically down

If ais acceleration of the body with respect to inclined plane, taking components of forces  parallel
to the inclined plane.

mgsin@+maysin@=ma .. a=(g+a)sing

This is the acceleration with respect to the elevator

. . L . . . T
The distance travelled is s If t’ is the time for reaching the bottom of inclined plane

L
cosd

:0+%(g+a0)sin9.t2

2L 2 4L 2
t= =
{(gn+a0)sh19cos€} {(g~+a0)sh129}

III’ Law of conservation of momentum:

S When the resultant external force acting on a system is zero, the total momentum (vector sum) of
the system remains constant. This is called “law of conservation of linear momentum”.

S Newton’s third law of motion leads to the law of conservation of linear momentum.

S Walking, running, swimming, jet propulsion, motion of rockets, rowing of a boat, recoil of a gun
etc., can be explained by Newton’s third law of motion.

Y Explosions, disintegration of nuclei, recoil of gun, collisions etc., can be explained on the basis of
the law of conservation of linear momentum.



Applications:

When a shot is fired from a gun, while the shot moves forwards, the gun moves backwards. This
motion of gun is called recoil of the gun. When a gun of mass ‘M’ fires a bullet of mass ‘m’ with
a muzzle velocity ‘v’, the gun recoils with a velocity ‘V’ given by V =mv/M.

When a bullet of mass ‘m’ moving with a velocity ‘v’ gets embedded into a block of mass M at rest
and free to move on a smooth horizontal surface, then their common velocity © V= mv/ (M +
m).

S A boyofmass ‘m’ walks a distance ‘s’ on a boat of mass ‘M’ that is floating on water and initially
at rest. If the boat is free to move, it moves back a distance d= ms/(M+ m).

III’ Explosion of Bomb

AN

A shell of mass ‘M’at rest explodes into two fragments and one of masses ‘m’ moves out with a
velocity ‘v’ the other piece of mass (M— m) moves in opposite direction with a velocity of V =
my/ (M —m).

Suppose a shell of mass m at rest explodes into three pieces of masses m,,m, and m,, moving
with velocities \71 ,\72 and \73 respectively.

My, = p;;m,V, = p,;myV; = Py

P+ Dyt Dy =my,+myv, +myy; =0

(as shell is at rest initially) Sy =—(p+D,)

So the third piece moves with the same magnitude of the resultant momentum of the other two
pieces but in opposite direction.

P3:\/Plz+Pf+2P1P2c0s6? @ = angle between P, P,
(7 —a)=angle between P, P

P,sin@

tang = ————
B+ P, cos@

III’ Explosion of a shell travelling in a parabolic path at its highest point: (into

two fragments)

©  Consider a shell of mass ps as a projectile with velocity » and angle of projection g. Suppose the

shell breaks into two fragments at maximum height and their initial velocities are \71 and g



M=m, + m,

(m, + m,)u cos 0

Total momentum of the two parts is constant just before and just after the explosion.
[m, +m, Jucos 0 = my, +m,V,

Case : (i) If the fragments travel in opposite direction after explosion then

— —

(m, +m,)ucosOi =mvi —m,v,i
Case : (ii) If one fragment retraces its path and falls at the point of projection
(m, +m, Yucos i =—mucosbi +m,y,

Case:(iii) If one fragment falls freely after explosion

(m, +m, )ucos i =m0+m,,

(m, +m,)ucos6i =m,v,

EX.43:A bomb moving with velocity(40i+50j-25k)m/s explodes into two pieces of mass ratiol:4.After
explosion  the smaller piece moves away with velocity(200i+70j+15k)m/s.The
velocity of larger piece after explosion is (EAM-2010)

Sol: From Law of conservation of linear momentum

MU =mv, +myv,; M =5x,m, =x,m, =4x
U =40i +50 ] —25kms™";
v, =200 +70 +15kms™

here v, is the velocity of the larger piece

5x(4o§+ 507 - 2512) -

(200 + 70 +15k )+ 4x (v, )

On simplification, we get v, = 45;‘ ~35k

EX.44:A particle of mass 4 m explodes into three pieces of masses m,m and 2m. The equal masses
move along X-axis and Y- axis with velocities 4ms”' and 6 ms™ respectively . The magnitude of
the velocity of the heavier mass is (E -2009)

Sol: M=4m ,U=0,m;, =m, m,=m, m,=2m

1 1

v, =4ms, v,=6bms ,v; =7

According to law of conservation of momentum,
ﬁ 1+ ﬁ 2+ ﬁ3 =0

P3 :_(ﬁl +ﬁ2),‘ﬁ3‘ :‘ﬁl +ﬁ2‘

P,=\|P*+P?+2PP,Cos



F and P, are perpendicular to each other

B =y Rz + [_,22 » sV = \/(mlvl)2 +(m,v, )?
2 2

2my, = \/(m><4) +(m><6)

2v, =16 +36 = v, =/13ms”"

EX.45: A rifle of 20kg mass can fire 4 bullets/s. The mass of each bullet is 3510 kg and its final

velocity is 400,s'. Then, what force must be applied on the rifle so that it does not move
backwards while firing the bullets?(2007E)
Sol :Law of conservation of momentum MV +4mv =0
dmy _ 4x35x107 x400

— _ _ - -1
=V Iv; 20 2.8 ms

MV _ 20x2.8

Force applied on the rifle F' = . .- -56 N

EX.46:All surfaces are smooth.Find the horizontal displacements of the block and the wedge
when the block slides down from top to bottom.

L
Sol : When the block slides down on the smooth wedge, the wedge moves backwards. In the horizontal

direction there is no external force ; F. =0

. P.=constant

P, = P (along X-axis) ; i + MV =0

x, = forward distance moved by the block along X-axis.

x, = backward distance moved by the wedge along X-axis.

mii =-MV
X, X,
m-—t=M=
t t

ML  M/cos@

:M+m M+m

mx, =Mx, , X

~ mL  mlcos@
M+m M+m

X,



EX.47: A bomb of 1 kg is thrown vertically up with speed 100 m/s. After S seconds, it explodes

Sol

into two parts. One part of mass 400gm goes down with speed 25m/s. What will happen to
the other part just after explosion

: After 5 sec, velocity of the bomb,

v=u-+at

v=uj—gt;j=(100-10x5) ;=507 m/s
m=1kg,m, =0.4kg,m, =0.6kg,v, =25ms™"'
According to law of conservation of momentum mv =m\v, + m,v,

Ix507=-0.4x25]+0.6%,
=v, =100

v, =100ms ™" vertically upwards

EX.48:A particle of mass 2m is projected at an angle 45° with horizontal with a velocity of 2(./2 m/

Sol

s. After 1sec, explosion takes place and the particle is broken into two equal pieces. As a
result of explosion one part comes to rest. The maximum height attained by the other part
from the ground is (g = 10m/s?)

SM =2m,0 =45 ,u=202ms™
1
U =1ucosh =202 x——=20ms""
X \/5
u, =usinf = ?_O\/ExL =20ms™"
: V2

. . . 1 1
But height attained before explosion ,Hl=ul—5gt2 = 20><1—5>< 10x1* =15m

After 1sec, v_ =20ms™

1

v,=u,—gt=20-10=10ms"
Due to explosion one part comes to rest,
m;,=m, =m,v, =0

Mvi+v, j)=my +m,v,

2m(20i+10j) = m(0) + mv,

v, = 40i+20
1_ -1
vy, =20ms
(v) 20x20
Height attained after explosion =, =L = =222 _ 50
2g 2x10

H,, =H +H,=15+20=35m



|||’ Friction:

If we slide or try to slide a body over another surface, the motion of the body is resisted by bonding
between the body and the surface.This resistance is called friction.

S The force of friction is parallel to the contact surfaces and opposite to the direction of intended or
relative motion.

S There are three types of frictional forces

1. Static friction ii. Dynamic friction

iii. Rolling friction

If a body is at rest and no pulling force is acting on it,force of friction on it is zero.

If a force is applied to move the body and it does not move,the friction developed is called static

friction, which is equal in magnitude and opposite in direction to the applied force (static friction

friction is self adjusting force).

Y If a force is applied to move the body and it moves,the friction developed is called dynamic or
kinetic friction.

S When a body rolls or rotates on the surface of another body friction developed is called as
rolling friction.

© It is due to the deformation at the point of contact and depends on area of contact.
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Note-i: If you are walking due east the feet slides relatively due west so the frictional force is due

east.

Note-ii: Engine is connected to rear wheels of a car. When the car is accelerated, direction of
frictional force on the rear wheels will be in the direction of motion and on the front wheels in
the opposite direction of motion

Note-iii:In cycling ,the force exerted by rear wheel on the ground makes the force of friction to act
on it in the forward direction. Front wheel moving by itself experience force of friction in backward
direction.

Note-iv:When pedaling is stopped,the frictional force is in backward direction for both the wheels.

III’ Laws of Friction:

Y Friction is directly proportional to the normal reaction acting on the body.
©  The law of static friction may thus be written as

f. < u N . Where the dimensionless constant z_ is called the coefficient of static friction and N is
the magnitude of the normal force.
( ﬁ)m =f,=uN; f, =Limiting friction

S Coefficient of static friction (1) depends on the nature of the two surfaces in contact and is
independent of the area of contact.



o

o

Static friction is independent of the area of contact between the two surfaces

Coefficient of kinetic friction (p,) =%. It is independent of velocity of the body.

Coefficient of rolling friction (ﬂR) = %

Rolling friction depends on the area of the surfaces in contact.

Note : p,>p > p,

Friction depends on the nature of the two surfaces in contact i.e., nature of materials, surface
finish, temperature of the two surfaces etc.

III’ Angle of Friction:

o
o
o

Angle made by the resultant of fand N with the normal reaction N is called angle of friction.
Friction is parallel component of contact force to the surfaces.
Normal force is perpendicular component of contact force to the surfaces.

R AN
\¢

~ A

mg

R=+f*+N?
When the block is static tang = ﬁ; P<9,

N . U N
When the block is in impending state, tan @, = N = U,

Where ¢ — maximum angle of friction.

N
When block is sliding, tan g, = L=

Since u, > u, , it follows that ¢, > ¢, .

Fp=yff+N* = (4. N) +N* = N\Ju* +1
Fy=mgytan*g+1 (- p, =tang)

F, =mgsecg

|||’ Motion on a horizontal rough surface: Consider a block of mass m place on a horizontal

surface with normal reaction N.
Case (i) :If applied force F = 0, the force of friction is zero.
F(Applied

force)
e

f m

T T




Case (ii) :If applied force F' < ( f. )maX , the block does not move and the force of friction is | f, = F

Case (iii) : Ifapplied force F = ( f. )max block just ready to slide and frictional force |( £, ), =/, = 4,N

F=pumg (-~ N=mg); (attimet=0)
Case(iv) : If the above applied force continues to act (¢ = () the body gets motion, static friction
converts as kinetic friction and body possesses acceleration

Fo =S _ L= 1
a=—ot—th =tk =(y —u)g
m m
Case (v) :If the applied force is greater than limiting friction the body starts moving and gets
acceleration
F -
a zﬁfk Here F', > F,

©  If the block slides with an acceleration ‘ ¢ *under the influence of applied force ‘F’,
Fo,=F—f ; ma=F-f,

_F—fi _F-umg

C.a

= N = pemg)

f,
[T

(AT

\ 4
mg

Bodies in contact with vertical surfaces:
© A block of mass mis pressed against a wall without falling, by applying minimum horizontal
mg
force F. Then F = 7

N

[

|
HH*+ T

f,=mg; uN=mg

uF=mg(-N=F) —>F="8



S  Ablockis pressed between two hands without falling, by applying minimum horizontal force

mg
F’ by each hand. Then F = 24
F = = F
= =
v
mg
mg
— . — =>F=—>
W=2f ; mg=2uF 2u

Sliding block on a horizontal roygh surface coming to rest :

A

» U

v=0

<
1 D

a) The acceleration of the block is

b) Distance travelled by the block before coming to rest is |5

c) Time taken by the block to come to rest is 1=

\ 4
mg

a=-/g

u

H 8

!
JARRALLE ALK

2ug

©  Aninsect is crawling in a hemispherical bowl of radius ‘r’. Maximum height upto which it can

crawl is




1
h=r (l-cos&)z”[1 ﬂ3+1}

Maximum angular displacement upto which it can crawl is *9’. Then p =tan@

A block is placed on rear horizontal surface of a truck moving along the horizontal with an
acceleration ‘a’. Then

-

1) The maximum acceleration of the truck for which block does not slide on the floor of the truck
Isa=ug
2) If a < u g block does not slide and frictional force on the block is f=ma.

3) If a > u g block slips or slides on the floor the acceleration of the block relative to the truck is

a'=a-/ug
4) If ¢ is the distance of the block from rear side of the truck, time taken by the block to cover a
2
distance ¢. t=
a-Hg

4) Acceleration of the block relative to ground is a" = g, g

Body placed in contact with the front surface of accelerated truck:
When a block of mass ‘m’ is placed in contact with the front face of the vehicle moving with acceleration
athen a pseudo force ‘F ;“actson the block in a direction opposite to the direction of motion of the vehicle

Af

—>» a
ma
SR

Under equilibrium, f =mg; N=ma

UN =mg = pgma=mg = %mn =~



EX.49: A man of mass 40 kg is at rest between the walls as shown in the figure. If ¢ 7’ between the
man and the walls is 0.8, find the normal reactions exerted by the walls on the man.
Sol. Since man is at rest,

HN,

T

77777, ////i 777777777 Z.
]

N,—N, =0 (horizontal equilibrium )
N, =N,=N, F, =F, =F (say)
- 2uN =mg (vertical equilibrium )
=2x0.8xN =400 ..N=250N

EX.50:A 2 kg block is in contact with a vertical wall having coefficient of friction 0.5 between
the surfaces. A horizontal force of 40N is applied on the block at right angles to the wall.
Another force of 15N is applied, on the plane of the wall and at right angles to 40N force.

Find the acceleration of the block.
Sol.

F=40N| F=40N

v
W=20

Resultant of W=20N and 15N

F=\20'+18 =25N
frictional force f=uN=0.5x40=20N
This acts in a direction, opposite to 25N force.

.. Net force acting on the block, F , =25-20=5

. acceleration of the block a = % =2.5ms™



EX.51:Ablock of mass 4 kg is placed on a rough horizontal plane. A time dependent horizontal force F=
kt acts on the block (k =2 N/s). Find the frictional force between the block and the plane at t =2
seconds and t=35 seconds (u=0.2)

Sol. Given F =kt

When t=2sec; F=2(2)=4N ..... case (i)

fos =umg=02x4x10=8N

Here F<f . friction = applied force=4N
Whent=5sec; F=2(5)=10N......case(ii)

F> f . frictional force <8N
EX.52:A block on table shown in figure is just on the edge of slipping. Find the coefficient of
static friction between the block and table

T cos 30
A
307L
40N >
£ T sin 30
SON|
\ 4
Sol.
f,=Tsiné
' e (1)
umg =Tsind
80=T1:c0SO evveneeen (2)
T 'sin 30° _umg
Tcos30° 80 °
pa0 1 _H 2 _igs

0 — ZF ¢ —=— - =
Tan3g 80 ° 73 2 yZi NG
EX.53:When a car of mass 1000 kg is moving with a velocity of 20ms™ on a rough horizontal
road, its engine is switched off. How far does the car move before it comes to rest if the
coefficient of Kinetic friction between the road and tyres of the car is 0.75 ?
Sol. Here v = 20;7/1571 s M= 075, g= 10m572

2
v

H g

=26.6Tm

Stopping distance S= 5



EX.54:A horizontal conveyor belt moves with a constant velocity V. A small block is projected
with a velocity of 6 m/s on it in a direction opposite to the direction of motion of the belt. The
block comes to rest relative to the belt in a time 4s. =03, g =10 m/s%. Find V

Sol. ‘?b,c

=V, +V. =6+V
f=umg=03xmx10=3m

. 3m
Retardation g =— = —=3m/s’
m m

u =6+V,V. =0t=4sec , a, =-3ms™’

V. =u +at, 0=(6+V)-3x4,V=6m/s
EX.55:The rear side of a truck is open. A box of 40 kg mass is placed Sm away from the open end
as shown in figure. The coefficient of friction between the box and the surface is 0.15. On a
straight road, the truck starts from rest and accelerating with 2 m/s%.. At what distance from
the starting point does the box fall off the truck? (Ignore the size of the box).
AN

F, <

pf &

f,
T AT

v
mg

—>a=2m/s

Sm

Sol :Because of the acceleration of the truck the pseudo force on the box =m x a =40 x 2 = 80ON.
This force acts opposite to the acceleration of the truck. The frictional force on the truck which

actsin the forward direction f, = uN =0.15x40g  =58.8N Since pseudo force is greater than
frictional force, the block will accelerate in backward direction relative to truck with a magnitude

azwzo.ﬁm/s2

The time taken by box to cover the distance 5m is given by

s =0+lat2 == 28 =4.34sec
2 a

The distance travelled by truck in this time is , ;' = 7,52
s = %a’tz = %xzx (4.34)> =18.87m

Sliding of a chain on a horizontal table:
©  Consider a uniform chain of mass “m” and length “L” lying on a horizontal table of coefficient of

friction ““ zz,”. When 1/n™ of its length is hanging from the edge of the table, the chain is found

m
to be about to slide from the table. Weight of the hanging part of the chain = 7g



N

A
-« | L —C—

O e O >
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v
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m—— |g

" |

m
— &

n
mg 1
Weight of the chain lying on the table = mg —7=mg 1—;

When the chain is about to slide from edge of the table,

The weight of the hanging part of the chain = frictional force between the chain and the table
surface.

1
E=ﬂsmg(1——j
n n 1

— /'ls =
jﬂz%mg("_l] (n—l)

L
If ; is the length of the hanging part, then 7 = n Substituting this in the above expression we get,

M= l (or)n:£: At
- LA Lo
.. The maximum fractional length of chain hanging from the edge of the table in
l M,
equilibrium is Z = +1
L-/ 1
Y Fractional length of chain on the table — = S|

Connected Bodies :

S A block of mass m, placed on a rough horizontal surface, is connected to block of mass m,
by a string which passes over a smooth pulley.The coefficient of frictionbetween m, and the
table is u .

S

, O

L]
]

<
<




For body of mass m,
mg~T=ma ————— (i
For body of mass m,

T—f,=ma=T-uN=ma—— (i)
Solving Egs (i) and (i1), we get

a=£m2_lukmljg; T: mlng (1+,U)
ml+m2 ml+m2

EX.56:A block of mass 10kg is pushed by a force F on a horizontal rough plane is moving with
acceleration 5;;,52. When force is doubled, its acceleration becomes 18ms 2 -Find the

coefficient of friction between the block and rough horizontal plane. (g =10ms™ ) .
Sol :

AN

f,
Il

(T AT

\4
mg

On a rough horizontal plane, acceleration of a block of mass ‘m’ is given by @ = 8

Initially, a = 5ms™>

5 =%_ 4,(10).ccc(il) (-2 m =10kg)

When force is doubled a =18ms>.

2F

18=W—yk(10) .......... (iii)

8
Multiplying Eq(ii) with 2 and subtracting from Eq.(iii) 8=, (10)= #, = 0 0.8

EX.57:A block of mass ‘m’ is placed on a rough surface with a vertical cross section of y= %3 If the

coefficient of friction is 0.5, the maximum height above the ground at which the block can be
placed without slipping iS(JEE MAIN -2014)



Sol:

dy d x X2
T 6:—:—— —
an dx dx(6):>Tan¢9——2

At limiting equilibrium,we get u=Tanf = 0.5= x?

2

X=1l=x=+1

3
. . X
Now putting the values of “x’in y = o we get

1 1
When x =1 mYEgix=-1=YEp
So the maximum height above the ground at which the block can be placed without slipping is
o
a;

III’ Motion of a body on an inclined plane :

er

Case (i) :Body sliding down on a smooth inclined plane :
Let us consider a body of mass ‘m’ kept on the plane as shown in fig.

Normal reaction N = mg cos @
Acceleration of sliding block a= g sing
If 1 is the length of the inclined plane and h is the height. The time taken to slide down start-

ing fi t from the top is 1= 2 _ 1 &
ing from rest from the top is zsind _ snd\ g

Sliding block takes more time to reach the bottom than to fall freely in air from the top of the inclined
plane to the ground.

Velocity of the block at the bottom of the inclined plane is same as the speed attained if block falls
freely from the top of the inclined plane.

V =2glsind = \[2gh
Case(ii) :Body projected up on a smooth inclined plane :




If a block is projected up the plane with a velocity u, the acceleration of the block is a = —gsin @

2

Distance travelled by the block up the plane before its velocity becomes zero is § = 2gsind

Time of ascent {=——
gsind

Case (iii) Motion of a body down the rough inclined plane:

Let a body of mass m be sliding down a rough inclined plane of angle of inclination ¢and
coefficient of kinetic friction H,.

mg sin® mg mg cosO

Angle of Repose (o) : Angle of repose is the minimum angle of the rough inclined plane for
which body placed on it may just start sliding down. It is numerically equal to the angle of
friction.

Let @ be the angle of inclination of a rough inclined plane, & be the angle of repose, m be the
mass of the body and pn be the coefficient of friction.

At limiting equilibrium (about to slide)

mgsina =y mgcosa=>tana =y, =a=tan"' ()

. When 6, <a; the block remains at rest on the inclined plane. Frictional force mgsiné, (self
adjusting) acceleration a=0

. When 6, = «; the block remains at rest on inclined plane or impending state of motion is achieved.
mgsin@, = ymgcosd,  (attime t=0)
Here 6, >0, and f, = f, acceleration a=0

When 6, > ; and the same inclination is continued the block moves downwards with accleration
a.

mgsin @, > y,mg cos @, acceleration

L8 sin 6, — y,mg cos 0,

m

_ umg cos B, — 1, mg cos 0,
a= m :gCOSHZ(/’Iv_/’Ik)

When @ > ¢ , the body slides f, = y,mgcosd

The resultant force acting on the body down the planeis  F, = mgsiné -f,,
F, =mg(sin@— p, cos6)

The acceleration of the body a = g(sin 8- s, cos8)



o

o

\"
Velocity of the body at the bottom of the plane ¥ = \/Zg (sin@— 1, cos )l

If ‘t’is the time taken to travel the distance ‘I’ with  initial velocityu =0, at the top of the plane,

‘e 2/
g(sin@ -y, cos )
The time taken by a body to slide down on a rough inclined plane is ‘n’ times the time taken by it

to slide down on a smooth inclined plane of same inclination and length then coefficient of friction
is....

21
Loy N &(sin€ -y, cosO)
tsmooth 21 "

gsind

2 sin &

- sin@— u, cosd

1
= n’sin@—n’p, cos@=sinf = =Ta”9{1—;}
Body projected up a rough inclined plane:

If a body is projected with an initial velocity “u’to slide up the plane, the kinetic frictional force
acts down the plane and the body suffers retardation due to a resultant force
F, =(mgsin g+f )

acceleration a = - g(sing + 1, cosg)

21
g (sin@ + u, cosf)

Time taken to stop after travelling a distance 1 along the plane, t = \/

Force required to drag with an acceleration ‘a’ is ~ F=({, mgcosg +mg sing + ma)

EX.58:A body is moving down a long inclined plane of angle of inclination ¢ g’for which the

coefficient of friction varies with distance x as ,u(x) = kx , where K is a constant. Here x is the

distance moved by the body down the plane. The net force on the body will be zero at a
distance x is given by

) 0
mg sin® mg cosO
o M




F=mgsin@— f
N=mgcos@ ; f=uN=pumgcosf
F =mgsin@— umg cos @
F =mg(sin6—kxcos )
tan @
k
EX.59:A body of mass ‘m’ slides down a smooth inclined plane having an inclination of 45° with the

horizontal. It takes 2s to reach the bottom. If the body is placed on a similar plane having
coefficient of friction 0.5 Then what is the time taken for it to reach the bottom?

Sol : Mass = m, 9=45° 11 =0.5 Time taken by the body to reach the bottom without friction is

IfF=0; sinf—kx,cos0=0= X, =

2/
gsinf

I = = 2sec

Time taken with friction is

. 21 T, _ [sin@—pucosb
* \g(sin@-ucosd) =, sin@
sin @ sin 45"
L=N—F—"— =2,|— 0 0
sin@ — y1cos @ sin45” —(0.5)cos 45

:2\/ (1/42) —2x~2 =2.828s

(1/2)=(0.5)1/N2)
EX.60:Two blocks of masses 4 kg and 2 kg are in contact with each other on an inclined plane of

inclination 30 as shown in the figure. The coefficient of friction between 4 kg mass and the

inclined plane is 0.3, where as between 2 kg mass and the plane is 0.2. Find the contact force
between the blocks.

KR

3 O(J

Sol :The acceleration of 4 kg mass,
If g =300, 4 =0.3
3

a, = g(sin@— y, cos 0) =10{%—0.3x7} =2.6ms™



The acceleration of 2 kg mas

a, =10 1—0.2x£ =3.27ms™*
? 2 2

Sa,>a,
Thus, there will be contact force between the blocks and they move together. If ‘a’ is the common

acceleration,

(m,+my)a= (m,+m,)gsind—(x, m+ p,m,)g cosd

6a:6><10x%—(0.3x4+0.2x2)x10x?
6a=30-13.856=>a=2.7ms™>

FOT, 4 kg maSS; mg Sin 6 + f;’ontact - ffricti()n =ma

B3

4" 107 %4— f - 0310" 10 73 =4x2.7

f=10.8+104-20p f =12N

EX.61:A 30kg block is to be moved up an inclined plane at an angle 30° to the horizontal with a
velocity of Sms™. If the frictional force retarding the motion is 150N, find the horizontal
force required to move the block up the plane. (g=10ms.)

Sol.

The force required to move a body up an inclined plane is F =mg sin 4 + f,

=30(10) sin3(0+150 = 300N.
If P is the horizontal force, F = P cos 4

F 300 _ 300" 2

cosq cos30’ 3 20073 = 346N

EX.62: Abody is sliding down an inclined plane having coefficient of friction 0.5. If the normal reaction
is twice that of resultant downward force along the inclined plane, then find the angle between
the inclined plane and the horizontal

Sol: 4=0.5 ,N=mgcosé

P=

N =2F,F =mg(sin @ — ucos ) N =2mg(sin@— pcos0)

mg cos @ =2mg (sin @ — y1cos 6)



cos@ =2cosf(tan O — u)

1 1 0
—=tanf-—=tanf=1=>0=45
2 2

EX.63:In the given figure, the wedge is acted upon by a constant horizontal force 'F'. The wedge is
moving on a smooth horizontal surface. A ball of mass 'm' is at rest relative to the wedge. The ratio
of forces exerted on 'm' by the wedge when 'F' is acting and 'F' is withdrawn assuming no friction
between the edge and the ball,is equal to

Sol.

0
I U

When Force F is applied

FcosO

mg cos 6 mg sin6

N, =mgcosg + Fsing
(Fcos@=mgsinf = F=mgtanf)

N, Fsin®
If F=0; N2=mgcos,9,V=1Jr
2

mg cos

ﬂ:prmgtanﬁsin@

=1+ tan’ @ = sec’
N, g cos 0 an” 0 =sec” 0

“  Two blocks of mass m and M are placed on a rough inclined plane as shown, when (6 > @)

1)Minimum value of M for which m slides upwards is

M =m(sin@+ y1, cos 0)



mg sin®

v
v Mg

mg

ii) Maximum value of M for which m slides downwards: M = m(sin - u, cos )

A body is released from rest from the top of an inclined plane of length ‘L’ and angle of

L
inclination ‘@’. The top of plane of length ;(n > 1) is smooth and the remaining part is

rough. If the body comes to rest on reaching the bottom of the plane then find the value of
coefficient of friction of rough

u=0

mg cosO
h
v
For smooth part :
L
Using 2 _,2 —946: V° :2a1;,
a,=gsiné, a, =g(sinf— pcos )
n—1 L n—1
For rough part 0=V~ =2a2( - jL 2a1;=—2a2( - jL

gsingd=—g[sin@— pcosf)(n—1) ,U=Tan9{i}

n—1
© A body is pushed down with velocity ‘u’ from the top of an inclined plane of length ‘L’ and angle
of inclination  @’. The top of plane of length %(n > 1) is rough and the remaining part is smooth. If

the body reaches the bottom of the plane with a velocity equal to the initial velocity ‘u’, then

9

the value of coefficient of friction of rough plane is|#x =n (tan 0)




III’ Pushing & Pulling of a Lawn Roller :
i) A Roller on Horizontal Surface Pushed by an Inclined Force :

< — A
£ T KT T Y TS
Fsin 6

mg

S When a lawn roller is pushed by a force ‘F’,which makes an angle @ with the horizontal, then
S Normal reaction N =mg+ F sing.

©  Frictional force f =y N =y (mg + Fsin0)

.. The net horizontal pushing force is given by F =F(cos §—p_sing) — pmg
ii)A Lawn Rolle (I)\? a Horizontal Surface Pulled by an Inclined Force

H

N l

m
S Let a lawn roller be pulled on a horizontal road by a force ‘F’, which makes an angle @ with the

horizontal.

rl

Normal reaction N =mg — Fsing

f

Frictional force f = u N = p (mg — Fsing)

S The net horizontal pulling force is F, = F (cos@ +u, sinf) -u. mg Pulling is easier thanPushing.

Applying an Inclined Pulling Force :

Let an inclined force F be applied on the body so as to pull it on the horizontal surface as shown
in the figure.

Fsin0 [~ F

d

\/
mg

-+




The body is in contact with the surface,and just ready to move
N+ Fsind =mg= N=mg-Fsin 0
frictional force f =F cosd

Fcos@ = u N ,Fcos@ = u, (mg - F sind)

Hmg mgsing
= ‘fr o F = .. —
F (cos @+ p,sind) = cos(0—¢) ( - Tang = /’lr)

For F to be minimum cos (& —¢) should be

maximum = cos(0-¢)=1=0-¢=0,0=¢
¢ = angle of friction.

Sln¢ — lLlr F — l[lr‘mg
o F . =mgsind = mgsing From the figure, - \/ﬂz ™ \/'uz 1

Minimum horizontal pulling force, when g = ()

cos(0—g¢)=cos¢

Fome sin ¢
cos¢

Applying an Inclined Pushing Force :

Let an inclined force F is applied on the body so as to push it on the horizontal surface as shown
in the figure.

=mgtan ¢

N

A Fs%

¢ 4——9——> F cos 0
QL

mg

F

\



The body is in contact with the surface, and just ready to move, N=mg-+Fsin&

frictional force  f,=Fcos@
Fcos@ = u N = FcosO = u, (mg +Fsin6?)

F= H,mg
cos @ — u sinb
( sind)

_ mgsing
- cos(0+¢) (v Tang = p,)

For F to be minimum 4 =(

(since p =tang)

EX.64: Ablock of mass m kg is pushed up against a wall by a force P that makes an angle ¢ ¢ ’ with the

horizontal as shown in figure. The coefficient of static friction between the block and the wall is
1. The minimum value of P that allows the block to remain stationary is

Psin 6
P

{4

» P cos 0

N«
Sol : ﬁ/

UL LU Ul

At equilibrium, Psin0+f=mg, N = Pcos®

f:(mg—PsinG); MN:(mg—PsinG)
puP cos® =mg—Psind ;P[sin6+ ucos@] =mg
p-— 18
(sm@ + L cos 6)
III’ Block on Block:
S Case I: Bottom block is pulled and there is no friction between bottom block and the horizontal
surface.

m, 1 5 F

T T T TATTAT




er

re

When the bottom block is pulled upper block is accelerated by the force of friction acting upon it.
The maximum acceleration of the system of two blocks to move together without slipping

i1s a,, = u g, where u 1sthe coefficient of static friction between the two blocks. The maximum

applied force for which both the blocks move together is F,,, = z#,g(m, +mj)

If a < u g blocks move together and applied force is F' = (m,+m,)a In this case frictional force
between the two block f =m a.
If a > u g , blocks slip relative to each other and have different accelerations. The acceleration of

F_ﬂkmug

the upper block is @, = 1, g and that for the bottom block is 93 = ”
B

Case - II:Upper block pulled and there is no
friction between bottom block and the horizontal surface.

m — F

f «——

My

When the upper block is pulled, bottom block is accelerated by the force of friction acting on it.
The maximum acceleration of the system of two blocks to move together without slipping is

mu
Arnax = Hs m_g where , 1, =coefficient of static friction between the two blocks The maximum
B

mu

force for which both blocks move together is Frax = 4 g (mu + mB)

My

If a<a,,,blocks move together and frictional force between the two blocks is f =m a The

max ?

applied force on the upper block is F' =(m,+m,)a

If a>a,, blocks slide relative to each other and hence they have different accelerations.The

mll . .
acceleration of the bottom block is %45 = Hk m_g and the acceleration of the upper block is
B

_F-pmeg
m

u

a

u

A number of blocks of identical masses m each are placed one above the other. Force required
to pull out N* block from the top is
F=(2N-1) gmg



EX.65:A block of mass 4kg is placed on another block of mass 5kg, and the block B rests on a
smooth horizontal table, for sliding the block A on B, a horizontal force 12N is required
to be applied on it . How much maximum horizontal force can be applied on ‘B’ so that both
A and B move together? Also find out the acceleration produced by this force.

M, | A

SS0M g

Sol: Here M, =4kg and M,=5kg
Limiting friction between the blocksisf. Acceleration of system is
F F F

a= = =—m/s’
M +M, 4+5 9

Because of this acceleration the block A experiences a pseudo force of magnitude

Fpseudo = Mla = 4X§
Ma
— M, A
» [N
F
— M, B

As block A move together with B, F,,,,, < f;,, For maximum value of applied force

4F
Fpseudo = fiim 5 T = 12 = F = 27N

i 27 2
The acceleration of blocks =3 =3m/s

EX.66:Two blocks of masses ‘m’ and ‘M’ are arranged as shown in the figure. The coefficient
of friction between the two blocks is ¢ 12 >, where as between the lower block and the horizontal

surface is zero. Find the force ‘F’ to be applied on the upper block, for the system to be
under equilibrium?

F
< m
NG =
M
Fe—— m —> T
Sol :

> | mg

m — T

UL mg <




On the upper block,
F=T+f=T+ uN; F=T+ umg...... (1)
On the lower block T=pumg......... (2)
from (1) and (2), we get, F =2 ¢t mg

EX.67 : Block A weighs 4N and block B weighs 8N.The coefficient of kinetic friction is 0.25 for all
surfaces.Find the force F to slide B at a constant speed when (a) A rests on B and moves with
it (b) A is held at rest and (c) A and B are connected by a light cord passing over a smooth
pulley as shown in fig (a),(b) and (c) respectively

A A =
K B + RI f‘ B + Rl 1%
TG T
(b)
@ A —
X > T <« =
12 FRZ? | ‘fz@z
F —
<«—B R [>T« E
(N
S — f

©
Sol :(a) When A moves with B the force opposing the motion is the only force of friction between B and
S the horizontal and as velocity of system is constant,
F=f=uR =02(4+8)=3N
(b)When A is held stationary, the friction opposing the motion is between A and B. So
F =R + uR, =3+025(4)=4N

(c)In this situation for dynamic equilibrium of B

F=uR +uR, +T ........... (1)
While for the uniform motion of A,
T=uR,...... (11)

Substituting T from eqn (i1) in (i) we get F' = uR, +2uR, =3+2x1=5N

EX.68 : The apparent weight of a person inside a lift is W, when lift moves up with certain
acceleration and is W, when lift moves down with same acceleration. The weight of person
when lift moves up with constant speed is

NSRS W,
)5 2) =5 3)2W, 42 W,

Sol : key-1
W= m(g+a),w2 :m(g_a)’

Wy =mg



EX.69 : Arope of length 10m and linear density 0.5kg/m is lying length wise on a smooth horizontal
floor. It is pulled by a force of 25 N. The tension in the rope at a point 6m away from the
point of application is
1)20N  2)I5N 3)I0N 4)5N

F
Sol : key-3. F = ma ,For one unit — T

F /
its—>—I[ T=F|1-—
For | units T ( LJ

EX.70 : Three blocks of masses m , m, and m, are connected by a massless string as shown in figure
on a frictionless table. They are pulled with a force T, =40 N. If m =10kg, m, = 6kg and

my = 4kg , then tension T, will be

T, T, T,
m, i m, l m, >

I)ION 2)20N 3)32N 4)40N
Sol : key-3..F,o,;, =ma , I, =T, =mya,T, -1, =m,a ,T, =ma
solving the above equations,we get
EX.71 : A horizontal force F pushes a 4 kg block (A) which pushes against a 2 kg block (B) as

shown. The blocks have an acceleration of 31/5> to the right. There is no friction between
the blocks and the surfaces on which they slide. What is the net force B exerts on A?

4 kg
2k
F g
—> A B
1) 6 N to the right 2) 12 N to the right ~ 3) 6 N to the left 4) 12 N to the left

Sol : key-3. F=ma,F,=F—f,f=ma

LT
m, +m, +m, Ty = (my +my)a
EX.72 : The momentum of a body in two perpendicular directions at any time't' are given by
2

3t
P, =2t +6 and P, = 7+ 3.The force acting on the body at t = 2 sec is
1) Sunits 2) 2 units 3) 10 units  4) 15 units

dP dP
Sol: key-3. F.=—%~,F =—2 F=F’+F}
Y Yodt 7 dt Y




EX.73 : A particle of mass m, initially at rest is acted upon by a variable force F for a brief
interval of time T. It begins to move with a velocity u after the force stops acting. F is shown
in the graph as a function of time. The curve is a semicircle.

A

F,

F

0 — T
Time
nF; xT? nF,T E,T
= = u = u=
b 2m 2) u &m 3) 4m D 2m
Sol : key-3. Impulse = Area of semi circle

EX.74 :Aballoon of mass M is descending at a constant acceleration « . When a mass m is released
from the balloon it starts rising with the same acceleration ¢ . Assuming that its volume does
not change, what is the value of m?
a+g
2a

M 2) M

a a+g
M sV}
1) a+g a+g 3) a 4)
Sol : key-2. While descending, Mg - F, =M«

While ascending F, —(M —m)g=(M -m)a

Where ‘ Fg’is the buoyancy force
EX.75 :In the following figure, the pulley is massless and frictionless. There is no friction between

the body and the floor. The acceleration produced in the body when it is displaced through a
certain distance with force ‘P’ will be

EETRNTARTNAAAARN

<[~




EX.76 :The pulley arrangements shown in figure are identical, the mass of the rope being negligible.
In case I,the mass m is lifted by attaching a mass 2m to the other end of rope with a constant
downward force F=2mg, where g is acceleration due to gravity. The acceleration of mass m

in case I is
F=2mg
[ ] m
m

2m
1) zero 2) more than that in case II
3)less than that in case II 4)equal to that in case II

a=g m,—m,
Sol : key-3. F=ma, m, +m, JF-T=0and

T=2mg also T-mg=ma'
Finally a <a'
EX.77 :The string between blocks of masses ‘m’ and ‘2m’ is massless and inextensible.The system
is suspended by a massless spring as shown. If the string is cut, the magnitudes of accelerations
of masses 2m and m (immediately after cutting)

2m
r
g g g g
1) g.g 2) g:E 3) E’g 4) 5

Sol : key-3. For my,F =ma=mg;For my,T —myg = mzal



EX.78 :Two particles of masses m, and m, in projectile motion have velocities v, and v, respec-

Sol

tively at time 7= (). They collide at time 7,. Their velocities become V' and v, at time 27,

. . . . . =1 =1 = = .
while still moving in air. The value of ‘(mlv1 +m,v, ) - (mlv1 +m,v, )‘ is

1) zero 2) (m, +m,)gt,
1
3) 2(m, +m,) gt, 4) 5(m1+m2)gt0
: key-3. mv' = m(u+ at)

my, +m,vy = m[v1 +2gt0]+m[v2 +2gto]

EX.79 :In order to raise a block of mass 100kg a man of mass 60kg fastens a rope to it and passes

Sol

5
the rope over a smooth pulley. He climbs the rope with an acceleration Tg relative to rope.

The tension in the rope is ( g= 10ms‘2)
1) 1432N 2)928 N 3) 1218N 4) 642N

: key-3. m, =60kg,m, =100kg

‘a’ be acceleration of rope.

58
rel ’arel am +a a, = arel —a
4
5
a,="2_4
4

T f
mB mm
mB g mmg

I'-m,g=ma, —> (2)
solving (1) & (2), we get
T-100g=100a ------- 3)

(3)-(4), -40g=100a-75g +60a



160a =350=a :T—stz

35
T=100g+ 100a = 1000 + 100xE=1218N

EX.80 :In the pulley-block arrangement shown in figure.Find the relation between acceleration
of block A and B.

1)a,=-3a, 2)a,;=-a, 4) a,=-4a,
Sol : key-1
X
X +x, =1

differentiating with respect to time,

we get v, +v, =0

Again differentiating w.r.to to time,

a,+a,=0=a =-a;,a, =—q,
(361—363)+(xz—x3)=€2 X +x,=2x,=10,
differentiating w.r.to time, v, +v, —2v, =0

Again differentiating w.r.to time, a, + a, —2a, =0
a,+a,+2a, =0; 3a,+a, =0

a,=-3a,; a,=-3a,



EX.81 :Three equal weights A, B and C of mass 2 kg each are hanging on a string passing over a
fixed frictionless pulley as shown in the fig. The tension in the string connecting weights B

and C is
LELLRL LR
.\
A
B
C
1) zero 2) I3N 3)33N 4)19.6 N

Sol : key-2. For A, T, —-ma=mg

For B,(m,+m,)g-T, = (m,+m,)a

net

m +m, +m,

a= ;ForC,m,g—T, =m,a

EX.82 :In the figure shown a, = 6m/s’ (downwards) and a, = 4m/s’ (upwards). Find acceleration
of 1.

2

3

1) 1m/sec? upwards 2) 2m/sec? upwards
3) 1m/sec? downwards 42m/sec? downwards




Sol : key-1

Since the points 1,2,3 and are movable, so let their displacements are x,,x,,x; and x, We observe
that the length of the strings between 1 and 4 and 2 and 3 are constants.

x+x, =0 (0-x)+(x,—x,) =1,

Differentiating twice w.r.t time, we get
a+a,=0=a, =-a, —)(l)

a,—-a,+a,-a,=0 = a,+a,-2a,=0—(2)

a, =—4ms”,a, = 6ms ~4+6-2a,=0
2a,=2=a, =1ms™; From (1),

a,=-a,; a =-1lms?; a, =1ms~* upwards

EX.83 :A man of mass m stands on a platform of equal mass m and pulls himself by two ropes

passing over pulleys as shown in figure. If he pulls each rope with a force equal to half his
weight, his upward acceleration would be

(o) (o o) (o)

)

2o |0q

2)

A |oq

g 4) zero



Sol : key-4.  F'= 4(%} — upwards

W =2mg — downwards
F = W s .ad= O

EX.84 :Two masses each equal to m are lying on X-axis at (-a, 0) and (+a, 0), respectively, as
shown in fig. They are connected by a light string. A force F is applied at the origin along
vertical direction. As a result, the masses move towards each other without loosing contact
with ground. What is the acceleration of each mass? Assume the instantaneous position of
the masses as (-x, 0) and (x, 0), respectively

fy

m m
O I O D

a4t — x> 2F X F X E X
2’71: ( . ) 2) m (az—xz) 3) 2m\/(a2—x2) 4) m (aZ_XZ)

Sol : key-3. F =2Tsin@,ma' =T cos @

AF

1))

TcosO < 0 PB » TcosO
a/ VZT sin O\ T
V4

(x0) ¢ D0




EX.85 :Two blocks A and B are separated by some distance and tied by a string as shown in the
figure. The force of friction in both the blocks at t = 2s is.

m,=lkg m,=2kg
F=2t F=15N
— —
LR
u,=0.6 u,=0.5
1) 4N(—), SN(«) 2) 2N(—), 5SN(«)
3) ON(—), 10N(«) 4) IN(<«), 10N(«)

Sol : key-4. Att=2s,F =4N

= F,=15N
Flﬂ lkg el kg —>

< <
fow=06 £ =05
fy=pumg=06xIx10=6N
|, = pu,mg =0.5x2x10=10N
F , =F-F=15-4=11N

As, F > fi+f,.
The system will remain at rest and the values of frictional forces on the blocks will be,

T=4+f and T=15-f,;4+ f,=15—f,
fi+ 1, =1IN —(1)
4th option,
fi=+IN, f,=+10N; f +f,=11IN
EX.86 :The car A is used to pull a load B with the pulley arrangement shown. If A has a forward
velocity v, determine an expression for the upward velocity v, , of the load in terms of V, and

@. ¢ is angle between string and horizontal



1 1
D2V cos @ 2) V,sin@ 3)V,cos@ H 5V tan @

Sol : key-1. Let g angle between string and horizontal T is tension in string

T
2T
VB —_— VA

STV =0;-TcosdV, +2TV,=0

1
Vy, = 5 V,cosd
EX.87 :The force acting on the block of mass 1kg is given by F =5 -2t. The frictional force acting
on the block after time t = 2 seconds will be ( MU= 0.2)

1=02 > F=(5-20)N
/77777777777 /7/777

1) 2N 2)3N 3) IN 4) Zero

Sol : key-2.
N
L~ (5-2t)
f 777¥777777777777
10




£ =10x02=2N

Initial force = SN > 2N
-. block will move with acceleration

a:mzs_zt_z
1
dv
—=3-2¢ - 2
dt v=3t—t

(vatt=0,y=0)v=0=17=0,3sec
-, at t = 2sec block is moving
- f.will act i.e., frictional force acting = 2N

max

EX.88 :A body of mass 2kg travels according to the law x(t) = pt + qt*> + rt* where, q = 4ms?%, p =

Sol:

EX.

Sol:

3ms! and r = 5ms>. The force acting on the body at t = 2 seconds is
a) 136 N b) 134 N c) 158 N d) 68 N
(a) Given, mass = 2kg
x(t) =pt + qt* + rt’
dx )
v=—=p+2qt+3rt
at pT2q

a:d—V:0+2qt+6rt
dt

att=2s; a=2q+6x2xr
=2q+12r

=2x4+12x5

=8+ 60=68 m/s
Force=F=ma=2x 68 = 136N

89 :A body with mass 5 kg is acted upon by a force F = (—3 i+4 jj N If its initial velocity at t

=0is V= (6 i-12 jjmsl , the time at which it will just have a velocity along they- axis is

a) never b)10s c)2s d)15s
(b) Given, mass = m = 5kg

Acting force = F = (—3 i+ 4j)N

Initial velocity at t =0,V = (6 i-12 jij]
a=t o303 e

Retardation, m 5

As final velocity is along Y-axis only, its x- component must be zero.
From v = u + at, for X-component only,



EX.90 :The motion of a particle of mass m is given by x = 0 for t < 0s, x(t) = Asin 4 t t for 0<t<(1/
4) s (A>0), and x = 0 for t >(1/4) s. Which of the following statements is true?

a) The force at t = (1/8) s on the particle is -m16 > A.

b) The particle is acted upon by an impulse of magnitude m47n*Aatt=0s and t=(1/4) s.
c¢) The particle is not acted upon by any force.
d) The particle is not acted upon by a constant force.
e)There is no impulse acting on the particle.
Sol: (a,b,d)
Given,x =0 fort<0s

1

x(t)=Asin4nrt; for0<t< 1S
1

x =0; fort> —s

4

1
For,0<t<Z S

t —d—x—4—dv(t)A 4yt
v(t)= T cosdrn
dv(t) .

a(t) = Tat =-16*asind it

1 1
At= 3 S a(t)=-16 t? Asind tx 3 =-16’A

F=ma(t)=-16 1> Ax m=-16 t’mA
Impulse = Change in linear momentum

1
[=Fxt=(-16 1 Am) x i -4 *Am
the impulse (Change in linear momentum)
1

att=0issameas,t=zs

Clearly, force depends upon A which is not constant. Hence, force is also not constant.

EX.91 :In figure a body A of mass m slides on plane inclined at angle 0, ,to the horizontal and pis

the coefficent of friction between Aand the plane. A is connected by a light string passing
over a frictioness pulley to another body B, also of mass m, sliding on a frictionless plane

inclined at angle O, to the horizontal. Which of the following statements are true?




a) A will never move up the plane.
sin 0, —sin 6,

b) A will just start moving up the plane when H =
cos 0,

c) For A to move up the plane, 6, must always be greater than 0, .
d) B will always slide down with constant speed.

Sol: (b,c) Let A moves up the plane frictional force on A will be downward as shown.

When A just starts moving up

mgsin 0, +f =mgsin0,

= mgsin 0, + pmgcos 6, = mgsinb,
_ sin0, —sin O,

cos 6,
When A moves upwards

f=mgsin 6, -mgsin6, >0

=sin0, >sin, = 0, > 6,

EX.92 :Two masses of 5 kg and 3 kg are suspended with help of massless inextensible strings as
shown in figure. Calculate T, and T, when whole system is going upwards with acceleration
=2m/s’ (use g = 9.8 ms?).

i

%Skg
' T,
3kg

a)T,=5N, T, =38N b) T, =35.4N, T, = 94.4N
¢) T,=94.4N, T, = 35.4N d) T, =0N, T, =35.4N

Sol:Given, m = 5kg, m, = 3kg
g = 9.8m/s? and a=2m/s’



AT,
Skg T,
" A
T, T
a a

a T ng T, ?
3kg 3

b, e

For the upper block T, - T, - 5g = 5a
= T,-T,=5(g+a)

For the lower block T, - 3g = 3a

= T,=3(g+a)=3(9.8+2) =35.4N
FromEq. i) T, =T, +5(g+a)
=354+5(9.8+2)=94.4N

A A

EX.93 :A cricket ball of mass 150 g has an initial velocity U = (—3 i+4 jjms‘l and a final velocity

VZ—(3i+4jij_l after being hit. The change in momentum (final momentum- initial

momentum) is (in kg ms™!)

2) zero b) —(0.45?+ 0.63) 0 —(0.9§+1.2}j d) —s(hﬁj?
Sol: (¢) Given, u = (3i+43) m/s and

V= -(3i+4j)m/s

mass ofthe ball =150 g=0.15 kg
A P=mv-mu

AP=m(v-w)= -(0.15)[(3i+43)—(3i+43ﬂ
= (0.15) [—6? —8}}

Hence, Ap= —[O.9i+l.2ﬂ

EX.94 :In figure the co-efficient of friction between the floor and the body B is 0.1. The co-
efficient of friction between the bodies B and A is 0.2. A force F is applied as shown B. The
mass of A is m/2 and of B is m. Which of the following statements are true?

A

B —F

T TTTT




a) The bodies will move together if F=0.25 mg.
b) The body A will slip with respect to B if F=0.5 mg.
c¢) The bodies will move together if F= 0.5 mg.
d) The bodies will be at rest if F=0.1 mg.

Sol: (a,b,d)
Consider the adjacent diagram Frictonal force on
B(f)) and frictional force on A(t,) will be as shown.
Let A and B are moving together

F-f  F-f  2(F-f)
m, +m, (m/2)+m  3m

a =

common

Pseudo force onA=(m,) x a
common

o 2(F-f) _m_2(F-f) _(F-f)
3m 2 3m 3m

A ——»fz

fz -«
fl - B
[T T

The force (F) will be maximum when
Pseudo force on A = Frictional force on A

Fmax — f1
= = um, g
3
E f,

max

- =O.2><%><g:0.1mg
=F, . =03mg+f

=0.3mg+ (O.l)%mg =0.45mg

= Hence, maximum force upto which bodies will move togetheris F_ = 0.45mg
a) Hence, for F = 0.25 mg <F___bodies will move together

b) For F=0.5mg>F__,body A will slip with respect to B

c)For F=0.5mg>F__,bodies slip

(f,)  =numyg= (O.I)X%mxg =0.15mg

(fZ)max =pum,g= (0.2)x%xg =0.lmg

Hence, minimum force required for movement of the system (A + B)
fmin= (fl)max+ (f2)max

=0.15mg + 0.Img = 0.25mg

d) Ginve, force F = 0. Img < Fmin

Hence, the bodies will be at rest



EX.95 :A body of mass 10kg is acted upon by two perpendicular forces, 6N and 8N. The resultant
acceleration of the body is

a) 1 ms? at an angle of tan"' (4/3) 6N force.
b) 0.2 ms? at an angle of tan (4 /3) w.r.t. 6N force.
c¢) 1 ms? at an angle of tan™! (4/ 3) w.r.t.8N force.

d) 0.2 ms? at an angle of tan" (4 /3) w.r.t.8N force.

Sol: (a) Consider the adjacent diagram
Given, mass =m = 10 kg

F,=6N,F, =8N
Resultant force=F=/F’ +E =+/36+64 =10N
F,
F E
PN
0,
0, |
>‘F1
F 10
a=—=—=1m/s’ :
10 ; along R
Let 0,, be angle between R and F,
tan 0, = 8 = 4
6 3

(4
0, = tan l(gj wrt F, = 6N

Let 0, be angle between F and F,

tan 0, =§=%

—an-t[ 3
0, =tan (Zj w.rt F=8N

EX.96 :Mass m moves of a slope making an angle q with the horizontal and is attached to mass m,
by a string passing over a frictionless pulley as shown in figure. The coefficient of friction
between m, and the sloping surface is (1. Which of the following statements are true ?

a) If m, > m, sin, the body will move up the plane

b)If m,>m_ (sing + Hcos@), the body will move up the plane
¢)Ifm,<m (sing + pcos@), the body will move up the plane
d) If m, <m, (sin@-pcos@ ),the body will move down the plane



Sol: (b,d)
Let m , moves up the plane.
Different forces involved are shown in the diagram
N = Normal reaction
f = Frictional force
T = Tension in the string

f=puN=pmgcos 9

For the system (m, +m ,) to move up
m,g - (m,gsing +1)>0
= mg-(mgsing + umgcosg )>0
= m,>m(sing + pcosQ)
Hence, option (b) is corrected
Let the body moves down the plane, in this case facts up the plane.
Hence, m g sing- f>m,g
— mgsin- Umgcosg >mg
= m, (sin § - Hcos §)>m,
= m,<m, (sin@-HCcosP)
Hence, option (d) is correct.
EX.97 :When a body slides down from rest along a smooth inclined plane making an angle of 45°
with the horizontal, it takes timeT. When the same body slides down from rest along a rough
inclined plane making the same angle and through the same distance, it is seen to take time pT,

where p is some number greater than 1. Calculate the coefficient of friction between the body
and the rough plane.

0=45°

1 1 I 1
a) | 1-32 b) |1+ 52 ©) 57 d) -5

Sol: (a) consider the diagram where a body slides down from along an inclined plane of inclination
0(=45)
On smooth inclined plane Acceleration of a body sliding down a smooth inclined plane

Here a = gsing, g =45°

g
. = 1 0 = T —
. a=gsin45 B



Let the travelled distance be s.

1
Using equation of motion, s = ut +§ at?, weget

sl Lo -
s=0.t 5 \/5 or 5 \/5
On rough inclined plane Acceleration fo the body
a=g(sing-pcosp)

_g(l-u)
V2
1
As, sin45° =cos45° :_j
( 7

Again using equation of motion,

1
s=ut +E at’, we get

1—
=01+ L E M oy

V2

22
From Egs. (i) and (i), we get

gl _g(l-p)p’T

22 02
or (1-p)p* =1
or (1_M)=L2



JEE MAIN PREVIOUS YEAR QUESTIONS

TOPIC-1 15T 2NP & 3RP | aws of Motion

sol.

sol.

A particle moving in the xy plane experiences a velocity dependent force F = k(v,1 + v,]) ,
where v, and v, are x and y components of its velocity v. If @ is the acceleration of the
particle, then which of the following statements is true for the particle? [Sep. 06, 2020 (I1)]
(a) Quantity ¥ x a is constant in time
(b) F Arises due to a magnetic field
(c) Kinetic energy of particle is constant in time
(d) Quantity v - a is constant in time
(a) Given
F = k(v,i+vyj)
E, = kvy i, F, = kvyj
mdv, dv, k

=kv,>—=—v
dt Y odt m’”?

L av k
Similarly, d—ty =~y

dv, v
y = x =
v, v = Ivydvy J‘vxdvx
vy =vg+C

vy —vg = constant
k
vXdad= (vxi + vyj) X E(in + Uxf)

= (vZk — vﬁl?)% = (v2 - vﬁ)%l? = constant

A spaceship in space sweeps stationary interplanetary dust. As a result, its mass increases at a rate

dMm(t)
dt

satelliteis:  [Sep. 05, 2020 (I1)]

3 3 3
(8) —bv3(t) (b) e © ~ © ~3ua

= bv?(t) , where v(t) is its instantaneous velocity. The instantaneous acceleration of the

(b) From the Newton’s second law,

_d_p_d(mv)_ am .
F_dt_ dt _v(dt) (1)

We have given, d";’—it) = bv2(t) (ii)

Thrust on the satellite,



sol.

sol.

F=—_u (‘Z_’;’) = —v(bv?) = —bv3 [Using (i) and (ii)]

—bv3
M(t)

>F=M{t)a=—-bv3>a=

A small ball of mass m is thrown upward with velocity u from the ground. The ball experiences a
resistive force mky? where v is its speed. The maximum height attained by the ball is:
[Sep. 04, 2020 (11)]

2 2 2 2
@) itan‘l% (b) = In <(+"2Lg)> ©) %tan‘l% (&) = In <(+’%))
@  Av=0

F = mkv? —mg (--mgand mky? act opposite to each other)
a=—[kv? +g]

2 .
o l (g+kv ) = a (acceleration)

dv

SV E_ —[ky? +g]( a=va)

=>j°v dv J ih
ky*+g

1
= — In[kv? + g]% = —h

2k
1 ku® +g
zﬁlnl g I—h

A ball is thrown upward with an initial velocity V, from the surface of the earth. The motion of the
ball is affected by a drag force equal to myv? (where m is mass ofthe ball, v is its instantaneous
velocity and y is a constant). Time taken by the ball to rise to its zenith is: [10 April 2019 I]

(@) —tan™ ( \/EVO) (b) %gsin*( \/gvo)
© %gln(l +\/§v0) (@) = tan™ (\/%VO)

(a) Net acceleration
dv Ca= —(g+ )
dt =a= g )/V

Let time t required to rise to its zenith (v = 0) so,

0 —d t
va g+y:2 - fo dt [for Hmax, v=0]



sol.

sol.

A ball is thrown vertically up (taken as + z-axis) from the ground. The correct momentum-height
(p-h) diagram is: [9 April 2019 1]
p p p p

@ o h ® o h © o & — h

(d) vZ =u?—2gh

or v=,u?—2gh
Momentum, P = mv = m\/u?® — 2gh

2

At h=0, P=mu and at h:uT,P:O
upward direction is positive and downward direction is negative.
A particle of mass m is moving in a straight line with momentump. Starting at timet = 0, a force

F = kt acts in the same direction on the moving particle during time interval T so that its
momentum changes from pto 3p. Here k is a constant. The value of T is: [11 Jan. 2019 II]

@) 2 \/% (b) 2 % (c) \/% (d) \/%

(b) From Newton’s second law

Integrating both sides we get,
f dp =f ktdt = [p]3P = kH
p 0 0

kT? P
:szT:T=2 E

A particle of mass m is acted upon by a force F given by the empirical law = gv(t) . If this law

is to be tested experimentally by observing the motion starting from rest, the best way is to plot:
[Online April10, 2016]

(@) logv(t) against (b) v(t) against t2

(c) logv(t) against (d) logv(t) against t

Tl r



sol.

sol.

sol.

(@) From F = —v(t) = m— = v(t)

. ) dv Rdt
Integrating both sides | — = | —
Jrating I dt I mt?
R
Inv=——
mt
.lnvocl
t

A large number (n) of identical beads, each of mass m and radius r are strung on a thin smooth
rigid horizontal rod of length L(L >> r) and are at rest at random positions. The rod is mounted
between two rigid supports (see figure). If one of the beads is now given a speed v, the average
force experienced by each support after a long time is (assume all collisions are elastic):

[Online April 11, 2015]

—->
—o0—0———0—0—

il

mv? mv?
(a) 2(L—nr) (b) L—2nr (C) L—nr (d) Z€ro
(b) Space between the supports for motion of beads is L — 2nr

. 2mv mv ?

Average force experienced by each support, F = =

g P y PP 2(L-2nr) L-2nr

Vv
L—2nr mv E
ST

A body of mass 5 kg under the action of constant force F = Fi + E;J has velocity at t = 0s as
V= (61—2))m/s andat t = 10s as ¥V = +6jm/s. The force F is: [Online April 11, 2014]

@ (-31+4N () (=21+3)N () @H-4)N @ (-39)N

(a) From question,

Mass of body, m =5 kg
Velocityat t =0, u = (61-2]) m/s
Velocity at t = 10s, v = +6jm/s
Force, F =?



10.

sol.

11.

sol.

12.

Acceleration, q = 2% = =122 _ 3044 ) o2
! t 10 5
Force, F=ma =5X Gt _ (=31 +4))N

5

A particle of mass m is at rest at the origin at time t = 0. It is subjected to a force F(t) = Fye ¢
inthe x direction. Its speed v(t) is depicted by which of the following curves? [2012]

(c) Given that F(t) = Fye™"*

av —
= m— = Fye Pt
dt

dv F,

dt m
v F t
fdv=—0f e bt dt
0 mJg

Fo[e Pt
v=—
m b

t
_F bt _ -
L—%[—(e bt —e70)]

_ 210 4 _ bt
> v mb[l e "t

This question has Statement 1 and Statement 2. Of the four choices given after the Statements,
choose the one that best describes the two Statements.

Statement 1: If you push on a cart being pulled by a horse so that it does not move, the cart pushes
you back with an equal and opposite force.

Statement 2: The cart does not move because the force described in statement 1 cancel each other.
[Online May 26, 2012]

(a) Statement 1 is true, Statement2 is true, Statement 2 is the correct explanation of Statement 1.
(b) Statement 1 is false, Statement 2 is true.

(c) Statement 1 is true, Statement 2 is false.

(d) Statement 1 is true, Statement?2 is true, Statement 2 is not the correct explanation of Statement 1.
(a) According to newton third law of motion i.e. every action is associated with equal and opposite
reaction.

Two fixed frictionless inclined planes making an angle 30° and 60° with the vertical are shown in
the figure. Two blocks Aand B are placed on the two planes. What is the relative vertical



sol.

13.

sol.

14.

acceleration of A with respect to B? [2010]

A
60° 30°
(@) 4.9ms~2 in horizontal direction (b) 9.8ms~2 in vertical direction
(c) Zero (d) 4.9ms~2 in vertical direction

(dmg sinf =ma

a=gsinf

Vertical component of acceleration = gsin?6

Relative vertical acceleration ofA with respectto B is
g(sin?60 — sin?30]

—g(3-1)=9= 2 i irecti
=g (4 4) =2 =4.9m/s® in vertical direction

Aball of mass 0.2 kg is thrown vertically upwards by applying a force by hand. If the hand moves
0.2m while applying the force and the ball goes upto 2 m height further, find the magnitude of the
force. (Consider g = 10m/s?). [2006]
(a) 4N (b) 16N (c) 20N (d) 22N
(d) For the motion of ball, just after the throwing
v=0,s=2m, a=—g =—10ms™?
v? —u? = 2as for upwardjourney
= —u?=2(-10) x 2 => u? =40
When the ball is in the hands of the thrower
u=0, v=+V40ms™?!
s =0.2m
vZ —u? = 2as
=40 —-0=2(a)0.2 > a = 100m/s?
F=ma=0.2x100=20N
>N-mg=20=>N=20+2=22N
Note :
Whana + Wgravity = AK
= F(0.2) + (0.2)(10)(2.2) = 0= F = 22N

A player caught a cricket ball of mass 150 g moving at a rate of 20 m/s. If the catching process is
completed in 0.1s, the force ofthe blow exerted by the ball on the hand of the player is equal to
[2006]

(@ 150N (b)3 N (c) 30N (d) 300N



sol.

15.

sol.

16.

sol.

17.

sol.

(c) Given, mass of cricket ball, m = 150g = 0.15 kg
Initial velocity, u = 20m/s

m(v-u) _ 0.15(0—20)
t 0.1

= 30N

Force, F =

A particle of mass 0.3 kg subject to a force F = —kx with k = 15N/m. What will be its initial
acceleration if it is released from a point 20 cm away from the origin? [2005]

(@) 15m/s?(b) 3m/s? (c) 10m/s?(d) 5m/s?

(c) Mass (m) = 0.3 kg

Force, F =m.a = —kx

= ma = —15x
= 0.3a = —15x
15 —150
ﬁa:—ﬁxz 3 x = —50x

a=—-50x0.2=10m/s?

Ablock is kept on a frictionless inclined surface with angle of inclinationa’. The incline is given an
acceleration ‘a’ to keep the block stationary. Then a is equal to [2005]

a
o

(@) g coseca (b) g/ tana (c) gtana d) g
(c) When the incline is given an acceleration a towards the right, the block receives a reaction ma
towards left.

Macos U

For block to remain stationary, Net force along the incline should be zero.

mg sina =macosa=a=gtana

A rocket with a lift-off mass 3.5 x 10* kg is blasted upwards with an initial accelerationof 10m/s?.
Then the initial thrust of the blast is [2003]

(@) 3.5 x 10°N (b) 7.0 x 10°N (c) 14.0 X 10°N (d) 1.75 x 10°N

(b) In the absence of air resistance, if Thrust (F) the rocket moves up with an acceleration a, then
thrust

F=mg+ma



18.

sol.

19.

sol.

F =m(g+ a) =3.5x10* (10+10)
=7 x 10°N

Three forces start acting simultaneously on a particle moving with velocity, v. These forces are
represented in maguitude and direction by the three sides of a triangle ABC. The particle will now
move with velocity [2003]

C

A B

- -

(@) less than v (b) greater than v
(c) |¥| in the direction of the largest force BC (d) v , remaining unchanged
(d) Resultant force is zero, as three forces are represented by the sides of a triangle taken in the same

order. From Newton’s second law, ﬁnet = md.
Therefore, acceleration is also zero i.e., velocity remains unchanged.

A solid sphere, a hollow sphere and a ring are released from top of an inclined plane (frictionless) so
that they slide down the plane. Then maximum acceleration down the plane is for (no rolling) [2002]
(@) solid sphere (b) hollow sphere (c) ring (d) all same

(d) This is a case of sliding (if plane is friction less) and therefore the acceleration of all the bodies is
same.

TOPIC 2, Motion of Connected Bodies, Pulley& Equilibrium of Forces

20.

sol.

A mass 0f10 kg is suspended by a rope of length 4 m, from the ceiling. A force F is applied
horizontally at the midpoint ofthe rope such that the top half of the rope makes an angle of 45° with
the vertical. Then F equals: (Take g = 10 m/s2 and the rope to be massless) [7 Jan. 2020 II]
(@) 100 N (b)90 N (c) 70N (d) 75N

(a) From the free body diagram



21.

sol.

22,

sol.

o> F
100 N
100 N
.

10 kg

T cos 45° = 100N (i)

T sin 45° = F (ii)

On dividing (i) by(ii) we get

T cos 45° _ 100
T sin45° F
= F = 100N

An elevator in a building can carry a maximum of 10 persons, with the average mass of each person
being 68 kg. The mass ofthe elevator itself is 920 kg and it moves with a constant speed of 3 m/s.
The frictional force opposing the motion is 6000 N. Ifthe elevator is moving up with its full capacity,
the power delivered by the motor to the elevator (g = 10m/s?) must be at least: [7 Jan. 2020 11]
(a) 56300 W (b) 62360 W (c) 48000 W (d) 66000 W
(d) Net force on the elevator = force on elevator + frictional force
=>F=(10m+M)g+f

where, m = mass ofperson, M = mass ofelevator, f = fiictional force

= F = (10 x 68 + 920) X 9.8 + 600

= F = 22000N

= P =FV =22000 x 3 = 66000l

A mass of 10 kg is suspended vertically by a rope from the roof. When a horizontal force is applied
on the rope at some point, the rope deviated at an angle of 45°at the roof point. If the suspended
mass is at equilibrium, the magnitude of the force applied is (g = 10ms~2)  [9 Jan. 2019 I1]

(@) 200 N (b) 140 N ()70 N (d)100 N

(d)

At equilibrium,



F = 100N

23. A mass ‘m’ is supported by a massless string wound around a uniform hollow cylinder of mass m
and radius R. Ifthe string does not slip on the cylinder, with what acceleration will the mass fall or
release? [2014]

(a) 2= b) £ (c) & (d) g

sol.  (b) From figure,
ITIT7e

» T
] [nlglﬂla
Acceleration a = Ra ... (i)
And mg—T =ma ...(i)
From equation (i) and (ii)
a
_ 2., 2 (2
T x R = mR?a = mR (R)
or T=ma
= mg —ma =ma

= aq=2
2

24.  Two blocks of mass M; = 20 kgand M, = 12 kg are connected by a metal rod of mass 8 kg. The
system is pulled vertically up by applying a force of 480 N as shown. The tension at the mid-point
of the rod is: [Online April 22, 2013]



a4
M,

[ M-
(2) 144 N (b) 96N (c) 240 N (d) 192N

F
M, +M,+Massofmetalrod

sol.  (d) Acceleration produced in upward direction a =

480
= =12 ms -2
20+12+8

Tension at the mid point

Mass of rod
T= (Mz +—

> >a=(12+4)><12=192N

25.  Auniform sphere of weight W and radius 5 cm is being held by a string as shown in the figure. The
tension in the string will be: [Online April 9, 2013]

‘\8 cm

(a) 127 (b) 5= () 13% (d) 13=

N\_——

sol. (d)

PQ = /oPZ + 0Q2
=132 +52 =12

Tension in the string T = w cos 6 = SW

26.  Aspring is compressed between two blocks of masses m,; and m, placed on a horizontal



sol.

217.

sol.

28.

fiictionless surface as shown in the figure. When the blocks are released, they have initial velocity of
v; and v, asshown. The blocks travel distances x; and x, respectively before coming to rest.

The ratio (ﬁ] IS [Online May 12, 2012]
XZ

m, ny

— 000U

VI —] — 2

Y

@ 2= o) © Ji o [

(@)

Ablock of mass m is connected to another block ofmass M by a spring (massless) of spring
constantk. The block is kept on a smooth horizontal plane. Initially the blocks are at rest and the
spring is unstretched. Then a constant force F starts acting on the block of mass M to pull it. Find
the force of the block of mass m. [2007]

MF mF (M+m)F mF
@) (m+M) (b) M © m (d) (m+M)
(d) Writing free body-diagrams for m &M,
M
I_l’wo!c{ro'ov —F
N N
m L Z AI/'{ >
mg ;%g

weget T=ma and F — T = Ma where T is force due to spring
= F-ma = Ma or, F = Ma+ ma

Acceleration of the system a = .
M+m

. . F F
Now, force acting on the block of mass m is ma = m( ) ==
M+m m+M

Two masses m; = 5g and m, = 4.8 kg tied to a string are hanging over a light frictionless pulley.
What is the acceleration of the masses when left free to move? (g = 10ms~2) [2004]



sol.

29.

sol.

30.

sol.

m;

(@) 5 m/s? (b) 9.8m/s? (c) 0.2m/s? (d) 4.8m/s?
(c)Here,m; = 5kgandm, = 48kg

If a is the acceleration of the masses,

ma=myg—T (i)

mya =T —m,g (ii)

Solving (i) and (ii) we get

v
a=|\———|g
m; +m,

_ (5—-4.8)x9.38
~ (5+4.8)

m/s? = 0.2m/s?

A spring balance is attached to the ceiling of a lift. A man hangs his bag on the spring and the spring
reads 49 N, when the lift is stationary. If the lift moves downward with an acceleration of 5 m/s?,
the reading of the spring balance Will be [2003]

(a) 24N (b) 74N (c) 15N (d) 49N

(@) When lift is stationary, W; = mg (i)

When the lift descends with acceleration a, W, = m(g — a)

w. —49(10 5) = 24.5N
2710 oo

T
Va
mg

A block of mass M is pulled along a horizontal frictionless surface by a rope of mass m. If a force
P is applied at the free end ofthe rope, the force exerted by the rope on the block is [2003]

(8) — (b) (©) P (d) —

M+m M+m

(d) Taking the rope and the block as a system



31.

sol.

32.

sol.

33.

—

M m
— T |—>7P

Frrrr 77yl s/

weget P=(m+ M)a

. P
Acceleration produced, a = —
m+M

Taking the block as a system,

MP

Force onthe block, F = Ma F =
m+M

A light spring balance hangs from the hook of the other light spring balance and a block of mass M
kg hangs liom the former one. Then the true statement about the scale reading is [2003]

(a) both the scales read M kg each

(b) the scale of the lower one reads M kg and of the upper one zero

(c) the reading of the two scales can be anything but the sum of the reading will be M kg

(d) both the scales read M/2 kg each

() The Earth exerts a pulling force Mg. The block in turn exerts a reaction force Mg on the spring of
spring balance S; which therefore shows a reading of M kgf.

As both the springs are massless. Therefore, it exerts a force of Mg on the spring of spring balance
S, which shows the reading of Mkgf.

LLLLILLLZ

s, B Mkg
<

s, B Mkgf

.

A lift is moving down with acceleration a. A man in the lift drops a ball inside the lift. The

acceleration of the ball as observed by the man in the lift and a man standing stationary on the

ground are respectively [2002]

@ 9 9 (b)) g—a, g—a () g-a g d) a g

(c) Case - I: For the man standing in the lift, the acceleration of the ball
&bm:&b_amiabm:g_a

Case- Il: The man standing on the ground, the acceleration of the ball

pm =0p — A = Apm =g —0 =g

When forces F;, F,, F; are acting on a particle ofmass m suchthat F, and F; are mutually
perpendicular, then the particle remains stationary. Ifthe force F; is nowremoved then the
acceleration of the particle is [2002]

(@ Fi/m (b) FyF3/mF; (c) (F; —F3)/m (d) Fy/m.



sol.

34.

sol.

35.

sol.

(a) When forces F; , F, and F; are acting on the particle, it remains in equilibrium. Force F, and
F; are perpendicular to each other,
Fl = FZ + F3

ﬂ:/@+@

The force F; is now removed, so, resultant of F, and F; will now make the particle move with

- F,
force equal to F;. Then, acceleration, a = ;1

Two forces are such that the sum of their magnitudes is 18 N and their resultant is 12 N which is
perpendicular to the smaller force. Then the magnitudes of the forces are [2002]
(@) 12N, 6N (b) 13N, 5N (c)10 N, 8N (d) 16N, 2N.
(b) Let the two forces be F; and F, andlet F, < F;. R is the resultant force.
Given F; + F, =18 (i)
From the figure F7 + R? = Ff
FZ — F} = R?
FE—F} =144

Only option (b) follows equation (i) and (ii).
ll

F‘) R \

A light string passing over a smooth light pulley connects two blocks of masses m, and m,
(vertically). If the acceleration of the system is g/8, then the ratio of the masses is [2002]
@81 (b) 9: 7 (c)4:3 (d)5:3

(b) Formass my myg — T = mya (i)

Formass m, T —my,g = mya (ii)

Adding the equations we get a = Z2="29
mqit+tm,

Here a =§



36.

sol.

37.

sol.

m o, 9
m m m m

=—2 - 141-8-2_8=-1=2
—141 m, m, m,

m,

1
8

Three identical blocks of masses m = 2 kg are drawn by a force F = 10.2N with an acceleration
of 0.6ms~2 on a fiictionless surface, then what is the tension (in N) in the string between the blocks
B and C?[2002]

C l— B A —pF

CTEFTTITPEIT T ITITITTesy
(@ 9.2 (b) 3.4 (c)4 (d) 9.8
(b) I'orce =mass X acceleration

F=(mMm+m+m)Xa
F=3mXa
F

"~ 3m

10.2

— 2
a G m/s

10.2
T2 =ma=2><T=3.4N

One end of a massless rope, which passes over a massless and frictionless pulley P is tied to a hook
C while the other end is free. Maximum tension that the rope can bear is 360 N. With what value of

maximum safe acceleration (in ms~2) can a man of 60 kg climb on the rope? [2002]
I)

(@) 16 (b) 6 (c)4 (d)8
(c) Tension, T = 360N
Mass of aman m = 60 kg

mg—T =ma

a=g——

_ 10 360_4 5
= 0 = m/s



TOPIC-3 Friction

38.  Aninsect is at the bottom of a hemispherical ditch of radius 1 m. It crawls up the ditch but starts
slipping after it is at height h from the bottom. If the coefficient of friction between the ground and
the insect is 0.75, then h is: (g = 10ms~2) [Sep. 06, 2020 (I)]
(@) 0.20 m (b) 0.45 m (c) 0.60m (d) 0.80m

sol.  (a) For balancing, mgsin 8 = f = umg cos 6

3
= tan9=,u=z=0-75

= mgcosd

........................

mgsind

h=R-R 0=R R(4)—R
= cos 0 = 2) =7

h = % = 0.2m [radius, R = 1m]

39.  Anblock starts moving up an inclined plane of inclination 30° with an initial velocity of v,. It

comes back to its initial position with velocity ? The value of the coefficient of kinetic friction

between the block and the inclined plane is close to ﬁ The nearest integer to [ is

[NA Sep. 03, 2020 (1]
sol.  (346)
Acceleration of block while moving up an inclined plane,
a, =gsinf + ug cos
= a, = g sin 30° + ug cos 30°
_g u” (i) (8 =30°)
2 2
Using v —u? = 2a(s)
= v — 0% = 2a,(s) (u=0)
= v —2a,(s) =0

_ % i
=s = (i)

Acceleration while moving down an inclined plane
a, =gsinf — ug cos @



40.

sol.

= a, = g sin 30° — ug cos 30°

> a, =223 g (iii)

Using again v? — u? = 2as for downward motion

2 2
= (?) =2a,(s) > s = :T‘)Z (iv)

2 2
Equating equation (ii) and (iv) = D W =4
1 2

= 5+ 5v3u = 4(5 — 5v3p) (Substituting, g = 10m/s?)
= 54 5v3u = 20 — 20v/3u = 25v3u = 15

! 346
S0, —=—
1000 1000

Ablock of mass 5 kg is (i) pushed in case (A) and (ii) pulled in case (B), by a force F = 20N,
making an angle of 30° with the horizontal, as shown in the figures. The coefficient of friction
between the block and floor is u = 0.2. The difference between the accelerations of the block, in
case (B) and case (A) will be: (g = 10 ms~2) [12 April 2019 1]

F=20N
-----KZ-’{OB- -----4 300
N
(@) 0.4 ms™2 (b) 3.2 ms~? (c) 0.8 ms™2 (d) 0 ms™2

(c) A:N = 5g+ 20sin 30°

1
:50+20X5:60N

NA
20 cos 30°
) Sgv
20 sin 30°
Accelaration, a; = F77 _ 20cos307-uN

m 5

20 x @ —0.2x%x60
_ = 1.06m/s>

5



41.

sol.

42.

N A 420 sin 30°

™ 20 cos 30°
- S ..........)

AT

5g

W

B: N = 5g — 20 sin 30°

1
=50—20X§=40N

_F—f [20cos30° — 0.2 X 40
T om 5
Now a, —a; = 1.86 — 1.06 = 0.8m/s?

a, ] = 1.86m/s?

Two blocks Aand B masses my = 1 kgand mg = 3 Kkg are kept on the table as shown in figure.
The coefficient offiiction between Aand B is 0.2 and between B and the surface of the table is
also 0.2. The maximum force F that can be applied on B horizontally, so that the block A does not

slide over the block B is: [Take g = 10m/s?] [10 April 2019 1]
I B F ]

| I

(@) 8N (b) 16N (c) 40N (d) 12N

(b) Taking (A + B) as system
F—uM+m)g=(M+m)a

F—puM+m)g
=>a=
(M + m)

_ F—=(0.2)4x10 _ (F-8\ .
a= 4 _(4)(|)
But, amax =ug=02x10=2

F—8_2

=

= F = 16N

A block kept on a rough inclined plane, as shown in the figure, remains at rest upto a maximum
force 2 N down the inclined plane. The maximum external force up the inclined plane that does not
move the block is 10 N. The coefficient of static friction between the block and the plane is:

[Take g = 10m/s?] [12Jan. 2019 II]




@2 (b) 2 OF @ 2

sol.  (a) From figure,
2 + mgsin 30° = umg cos 30° and 10 = mgsin 30° + u mg cos 30°
= 2umg cos 30° — 2
= 6 = umg cos 30° and 4 = mg cos 30°

By dividing above two = % =ux+3

Coefficient of friction, u = ?

43.  Ablock of mass 10 kg is kept on a rough inclined plane as shown in the figure. A force of 3 N is
applied on the block. The coefficient of static friction between the plane and the block is 0.6. What
should be the minimum value of force P, such that the block does not move downward?

(take g = 10ms?) [9 Jan. 2019 1]

(@ 32N (b) 18N ()23 N (d)25 N
sol. ()

P
amgeos?
=06

3 + mgsing?

100
mg sin 45° = E =502
[.-m = 10kg,g = 9.8ms~?]
1
— X — !
pmg cos 6 = 0.6 X mg 5= 0.6'50v2
3+ mgsin 8 = P + umg cos 0
3+50V2=P+30V2
P =31.28 = 32N

44, Two masses m; =5 kgand m, = 10 kg, connected by an inextensible string over a frictionless
pulley, are moving as shown in the figure. The coefficient of friction of horizontal surface is 0.15.
The minimum weight m that should be put on top of m, to stop the motion is[2018]



sol.

45.

sol.

46.

sol.

(@) 18.3 kg (b) 27.3 kg (c) 43.3 kg (d) 10.3 kg
(b) Given: m; = 5kg; m, = 10kg; u = 0.15

FBDfor m; , myg—T=mja =50-T=5xXa

and, T—0.15(m + 10)g = (10 + m)a

Forrest a =0

or, 50 = 0.15(m + 10)10

-3
= 5=—=(m+10)

% =m+ 10 m = 23.3kg; close to option (b)

A given object takes n times more time to slide down a 45° rough inclined plane as it takes to
slide down a perfectly smooth 45° incline. The coefficient of kinetic friction between the object
and the incline is: [Online Aprill5, 2018]

@ [1-% (b) 1-= ©) 7 @ |

(b) The coefficients of kinetic friction between the object and the incline

1 1
U= tan@(l—;):u=1—§(9=45°)

A body of mass 2kg slides down with an acceleration of 3m/s? on a rough inclined plane having
a slope of 30°. The external force required to take the same body up the plane with the same
acceleration will be: (g = 10m/s?) [Online April 15, 2018]
(@ 4N (b) 14N (c) 6N (d) 20N
(d) Equation of motion when the mass slides down Mg sin 6 — f = Ma
=10 — f = 6(M = 2kg, a = 3m/s?, 8 = 30° given)
f =4N
Equation of motion when the block is pushed up
Let the external force required to take the block up the plane acceleration be F



47.

sol.

48.

sol.

F-Mg sinf — f = Ma
>F-10—4=6
F = 20N

Arocket is fired vertically from the earth with an acceleration of 2g, where g is the gravitational
acceleration. On an inclined plane inside the rocket, making an angle 8 with the horizontal, a point
object of mass m is kept. The minimum coefficient offiiction u,,;, between the mass and the
inclined surface such that the mass does not move is: [Online April 9, 2016]

(@) tan 26 (b) tané@ (c)3 tan@ (2 tan @

(b) Let u be the minimum coefficient of friction

u3mgcost

3pgsin®

At equilibrium, mass does not move so,
3mg sin 8 = u3mg cos 6

.. Umin = tan 6

Given in the figure are two blocks Aand B ofweight 20 N and 100 N, respectively. These are
being pressed against a wall by a force I' as shown. If the coefficient of fiiction between the blocks
is 0.1 and between block B and the wall is 0.15, the fiictional force applied by the wall on block
B is: [2015]

— A ]

ATTRRRRRRRRRRTRRRRTRRR

(a) 120N (b) 150N (c) 100N (d) 80N
(@)



49.

sol.

/i a2

_r ,T T PELE
v f ¥
20N 7 100N

Assuming both the blocks are stationary N = F

fl = 20N
f, = 100 + 20 = 120N
f
o2
¢ =
120N

Considering the two blocks as one system and due to equilibrium f= 120N

Ablock of mass m = 10 kg rests on a horizontal table. The coefficient of fiiction between the
block and the table is 0.05. When hit by a bullet ofmass 50 g moving with speed v, that gets
embedded in it, the block moves and comes to stop after moving a distance of2 m on the table. If a

freely falling object were to acquire speed % after being dropped from height H, then neglecting

energy losses and taking g = 10ms™2, the value of H is close to: [Online April 10, 2015]
(@ 0.05 km (b) 0.02 km (c) 0.03km (d) 0.04km
d) f=pM+m)g
o _uM+m)g _
M+m (M +m)
= 0.05x 10 = 0.5ms™2
Initialmomenmm  0.0.5V
Yo=—rtm)  ~ 1003

m=50g  M=10kg

L% N

v? —u? =2as
0 —u? = 2as

u? = 2as



0.05v
(10.05
Solving we get v = 201v2
Obiject falling from height H.

2
) =2x05x%x2

v _ 2gH
10 V49
201V2
s =V2x10x H

H =40m = 0.04 km
3
50.  Ablock of mass m is placed on a surface with a vertical cross section given by y = % . If the

coefficient of friction is 0.5, the maximum height above the ground at which the block can be
placed without slipping is: [2014]

(8) =m (b) <m (©) zm (d) sm
sol.  (a) At limiting equilibrium,

U= tan@

m

2
tanf = p = Z—z == (from question)

Coefficient of friction u = 0.5

51.  Consider a cylinder of mass M resting on a rough horizontal rug that is pulled out from under it with
acceleration ‘a’ perpendicular to the axis of the cylinder. What is Fpjjction at point P? It is assumed
that the cylinder does not slip. [Online April19, 2014]



sol.

52.

sol.

v

KF friction

(a) Mg (b) Ma () = (d) =
(d) Force of friction at point P,

1 .
Iiiction = 3 Ma sin 6

g Ma sin 90° [here 6 = 90°]

A heavy box is to dragged along a rough horizontal floor. To do so, person A pushes it at an angle
30° from the horizontal and requires a minimum force F,, while person B pulls the box at an
angle 60° from the horizontal and needs minimum force Fg. If the coefficient of friction between

the box and the floor is g , the ratio Fa IS [Online April19, 2014]
B
5 3 2
@ V3 ) = © 2 @ 2
q R
N
(d) FA(Push) 8= 60°
30°
i
v
mg
pmg
Fa =
A7 sing — WU cos 6
Similarly,
Fo— pmg
B 7 sin6 + ucos @
4mg
F, sin@—pucosé V3o
£ = = — given
F. Mg (4 = < given]

sin @+ i cos 4



53.

sol.

54,

sin 30° + g cos 30°

sin 60° — ﬁ cos 60°

5
1,vV3_43
2T 5 X7
v3_¥3 1
2 572
1(1+3j Exg
_ 2 5)_ 25
ﬁ(l_lj J3x4
5" 5) 10
8 2
V3x4 V3

A small ball of mass m starts at a point A with speed v, and moves along a fiictionless track AB as
shown. The track BC has coefficient of friction u. The ball comes to stop at C after travelling a

distance L which is: [Online April 11, 2014]

TA
h

B«L«C

2h | V6 hp v LI L]
(@) M+2#g (b) u+2ug ©) 2#+#g () 2M+

b) Initial speed at point A, u = v,
Speed at point B, v =?

v? —u? =2gh

v? = v3 + 2gh
Let ball travels distance ‘S’ before coming to rest
v?  vi+2gh
2ug  2ug
vy 2gh _h v§
T 2ug 2ug o 2ug

S =

v§

2ug

Ablock A of mass 4 kg is placed on another block B of mass 5 kg, and the block B rests on a
smooth horizontal table. If the minimum force that can be applied on A so that both the blocks move
together is 12 N, the maximum force that can be applied to B for the blocks to move together will



sol.

55.

sol.

56.

sol.

57,

be: [Online April 9, 2014]

(@ 30N (b)25 N (c) 27N (d) 48N
(c) Minimum force on A

= frictional force between the surfaces = 12N

A |4ke

B |5ke

[ /

12N 2
—_— m
s 3m/s

Therefore maximum acceleration a . = "

Hence maximum force, F,,x = total mass X a .«
=9x3=27N

Ablock is placed on a rough horizontal plane. A time dependent horizontal force F = kt acts on the
block, where k is a positive constant. The acceleration- time graph of the block is :

[Online April 25, 2013]

a a
(@) (b) (©) (d)

> L
>

0 t 0 t O ; O >

(b) Graph (b) correctly depicts the acceleration-time graph of the block.

A body starts from rest on a long inclined plane of slope 45°. The coefficient of fiiction between the
body and the plane varies as u = 0.3x, where x is distance travelled down the plane. The body will
have maximum speed (for g = 10m/s?) when x= [Online April 22, 2013]
(@) 9.8m (b) 27m (c) 12m (d) 3.33m
(d) When the body has maximum speed then
u = 0.3x = tan 45°
x = 3.33m

A block of weight W rests on a horizontal floor with coefficient of static friction u. It is desired to
make the block move by applying minimum amount of force. The angle 8 from the horizontal at
which the force should be applied and magnitude of the force F are respectively.

[Online May 19, 2012]

— -1 _ _uw _ -1 i _uw
(8) 0 = tan™! (), F = 7= (b) 6 = tan (u)'F‘m



sol.

58.

— w
(€) 8 =0,F =uw (d) 6 = tan 1(1’:—”),F:f+—”

(a) Let the force F is applied at an angle 6 with the horizontal.
R

N

Fsinf 4 F
F=puR raémpcosﬁ

v

For horizontal equilibrium,
F cos 8 = uR (i)
For vertical equilibrium,
R+ Fsin = mg
or, R=mg — Fsin @ (ii)
Substituting this value of R ineq. (i), we get F cos 8 = u(mg — F sine)
= umg — uF sin 0
or, F(cos 8 + pusin @) = umg
or, I'= ﬁ;’sne (iii)
For F to be minimum, the denominator ( cos 8 + p sine) should be maximum.

%( cos 6 + usinf) =0 or,—sine +ucosf@ =0 or, tanf =y

or, 8 = tan" ()

Then, sin@ = —=— and

Jit?
1
Ji+p?
Hence, F i
uw Uw

cos B =

1, ©_ it

J1+p2  J14u2

An insect crawls up a hemispherical surface very slowly. The coefficient of friction between the
insect and the surface is 1/3. If the line joining the center of the hemispherical surface to the insect
makes an angle a with the vertical, the maximum possible value of a so that the insect does not
slip is given by [Online May 12, 2012]




sol.

59.

sol.

@ cota=3 (b) seca=3 (c) coseca =3 (d cosa =3

@ o

N

Bowl

mg cos o -
mg sin o

The insect crawls up the bowl upto a certain height h only till the component ofits weight along the
bowl is balanced by limiting frictional force.
For limiting condition at point A
R =mg cos a (i)
F, =mgsin a (ii)
Dividing eq. (ii) by(i)
1 F,

tana = COtC(:?:'u[ASFl = UR]

> tana = p = ;[ u = 3(Given)]

cota=3

The minimum force required to start pushing a body up rough (frictional coefficient u) inclined
plane is F; while the minimum force needed to prevent it from sliding down is F,. If the inclined

plane makes an angle 6 from the horizontal such that tan 8 = 2u then the ratio i} IS
2

[2011 RS]
(@)1 (b) 2 ()3 (d)4
(©)

mg cos b

1
g Mg

N>

QA

s

mgsin0

0
Y me mg cos

When the body slides up the inclined plane, then mgsin 6 + f; = F;
or, I7 = mgsin 8 + umgcos 6
When the body slides down the inclined plane, then mgsin8 — f, = F,



60.

sol.

61.

sol.

or F, = mgsin § — umg cos 6
F; sin@ + pucosf

F, sinf —pucos®

F, tan@+u 2u+pu 3u
—_— = = :—:3
F, tan@—u 2u—u u

If a spring of stiffness ‘k’ is cut into parts *and ‘B’ of length £4: €5 = 2: 3, then the stiffness of
spring A ’is given by [2011 RS]

(a) = (b) = (0) k (@ =

(d) Itisgiven £, : €5 =2:3
24 31
=% 5= (5)

We know that k « %

If initial spring constant is k, then
kt =kyt, = kgtp

ke=ky(3) ka=>

2

A smooth block is released at rest on a 45° incline and then slides a distance d’. The time taken to

slide is n’ times as much to slide on rough incline than on a smooth incline. The coefficient of
friction is [2005]

@m=1-2 Om=1-2 ©u=[1-2 @u=1-2

(b) a=gsinf—pgcosh
&/A,/. N

79
(cgf\
& 450 45°
Smooth rough

On smooth inclined plane, acceleration of the body= g sin 6. Let d be the distance travelled

1
d= 5 (g sin 8)t2,

| 2
1™ |gsing’

__mgsin6 — uR

On rough inclined plane,

a
m



62.

sol.

63.

= a =mg sin @ — umg cos 0

m

=>a=gsinf — u,g cosb

1 ~
d= E(g sin 6 — ukg cos 0)t3

2d
tz = =
gsinf — ukg cos 6

According to question, t, = nt;

2d 2d
n — = =
gsinf gsin@ —ukg cos 8

Here, u is coefficient of kinetic friction as the block moves over the inclined plane.
sin @ = ('sin 6 — uk cos 8)n?

=>n

1
= e =1-—

The upper half of an inclined plane with inclination ¢ is perfectly smooth while the lower half is
rough. A body starting from rest at the top will again come to rest at the bottom if the coefficient of
fiiction for the lower half is given by [2005]
(@2 cos ¢ (b) 2 sin ¢ (c) tan ¢ (d)2 tan ¢
(d) For first half
acceleration = g sin ¢;
For second half
acceleration = —(g sin ¢ — ug cos @)
For the block to come to rest at the bottom, acceleration in | half = retardation in Il half.

gsing = —(g sin ¢ — ug cos ¢)

> u=2tan ¢

NOTE
According to work-energy theorem, W = AK = 0
(Since initial and final speeds are zero) Work done by fijiction + Work done by gravity = 0i.e.,

—(umg cos (|))§ +mgfsing =0

or%cos<p= sing or u=2tan¢g

Consider a car moving on a straight road with a speed of 100 m/s. The distance at which car can be



sol.

64.

sol.

65.

sol.

stopped is [ux = 0.5] [2005]

(@) 1000 m (b) 800 m (c) 400 m (d) 100 m
(a) Given, initial velocity, u = 100m/s. Final velocity, v = 0.
Acceleration, a = u,g = 0.5 x 10

v? —u? = 2as or

= 0% —u? = 2(—g)s
1
= —1002 =2X_EX 10 X s
= s =1000m
A block rests on a rough inclined plane making an angle of 30° with the horizontal. The coefficient
of static friction between the block and the plane is 0.8. If the frictional force on the block is 10 N,

the mass ofthe block (in kg) is (take g = 10m/s?) [2004]
(@ 1.6 (b) 4.0 (c) 2.0 (d) 2.5

Since the body is at rest on the inclined plane, mg sin 30° = I'orce of fiiction
= m X 10 X sin 30° = 10
>mXx5=10=>m = 2.0 kg

A horizontal force of 10 N is necessarytojust hold a block stationary against a wall. The coefficient
offiiction between the block and the wall is 0.2. The weight of the block is [2003]

“
2

|
.

10N

(@) 20N (b) SON (c) 100N (d) 2N
(d) Horizontal force, N = 10 N.
Coefficient of friction u = 0.2.

A f=u

10N 1ON[, 10N

NONN M NNV

v
W

The block will be stationary so long as Force of friction = weight of block
uN =Ww



66.

sol.

>02x10=W
=>W =2N

A marble block of mass 2 kg lying on ice when given a velocity of 6 m/s is stopped by friction in
10 s. Then the coefficient of friction is [2003]

(a) 0.02 (b) 0.03 (c) 0.04 (d) 0.06

(d) u=6m/s, v=0, t =10s, a =? Acceleration a = %

0—-6
>a=——
“ 10
= = —0.6m/s?
a== .6m/s
e
f=uNTN

The retardation is due to the frictional force

f=ma= uN =ma

ma
a 0.6 0.06
= = — = —=0U.
# g 10

TOPIC-4, Circular Motion, Banking of Road

67.

sol.

A disc rotates about its axis of symmetry in a horizontal plane at a steady rate of 3.5 revolutions per
second. A coin placed at a distance of 1.25cm from the axis of rotation remains at rest on the disc.
The coefficient of friction between the coin and the disc is (g = 10m/s?) [Online April15, 2018]
(@ 0.5 (b) 0.7 (c) 0.3 (d) 0.6

2
2

(d) Using, umg = ™ _ mrw

w = 2nn = 2 X 3.5 = 7nrad/ sec
Radius, r = 1.25 cm = 1.25 x 10~2m Coefficient of friction, u =?

mrw?

pmg = (v =rw))



68.

sol.

69.

mg = mm)z

2
(i 125x1072x(7x%2)
= U= =
g 10

_1.25x1072x 222 0
B 10 o

A conical pendulum of length 1 m makes an angle 8 = 45° w.r.t. Z-axis and moves in a circle in
the XY plane. The radius of the circle is 0.4m and its centre is vertically below O. The speed of the
pendulum, in its circular path, will be: (g = 10m/s?) [Online April 9, 2017]

(@) 0.4mls (b) 4 m/s (c) 0.2mls (d)2m/s
(d) Given, 8 = 45°, r = 0.4m, g = 10m/s?
T sin 6= m;’z (i)
T cos 8 = mg (ii)
From equation (i) & (ii) we have, tan @ =%
vZi=rg 6 =45°

Hence, speed of the pendulum in its circular path,

v=,rg =v04 x10 = 2m/s

A particle is released on a vertical smooth semicircular track from point X so that OX makes angle
6 from the vertical (see figure). The normal reaction of the track on the particle vanishes at point Y
where OY makes angle ¢ with the horizontal. Then: [Online April 19, 2014]



sol.

70.

sol.

71.

sol.

N
<
(@ singp = cosep (b) sin<p=%cost9 (c) sin<p=§cos@ (d) sin<p=%cos€

(©)

A body of mass ‘m’ is tied to one end of a spring and whirled round in a horizontal plane with a
constant angular velocity. The elongation in the spring is 1 cm. If the angular velocity is doubled, the
elongation in the spring is 5 cm. The original length of the spring is:  [Online April 23, 2013]

(@ 15cm (b) 12 cm (c) 16 cm (d) 10 cm

(a)

A point P moves in counter-clockwise direction on a circular path as shown in the figure. The
movement of ‘P’ is such that it sweeps out a length s = t3 + 5, where s isin metresand ¢ is
in seconds. The radius of the path is 20 m. The acceleration of’P” when t = 2s is nearly. [2010]

),'

B

0]
(@) 13m/s? (b) 12 m/s? (c) 7.2ms? (d) 14m/s?
(d) s=t3+5

. d
= velocity, v = d—i = 3t2

. . d
Tangential acceleration a; = d—’: = 6t

i i v? _ ot*
Radial acceleration ac = — = —

At t=2s, a; = 6 X2 =12m/s?
_9x16
20

_/2 2
= |a; + ag

=J(12)2 + (72)2 = V144 + 51.84

a, = 7.2m/s?

Resultant acceleration




72,

sol.

73.

sol.

= V19584 = 14m/s?

-

For a particle in uniform circular motion, the acceleration a at a point P(R,8) on the circle
ofradius R is (Here 8 is measured fi;om the x-axis) [2010]

v? N V2 . vz o ~ V2 .
(a)— s cos 6 1+ 3 sin 6j (b)— r sin@ 1+ — cos 0j

v? o vZ o, . v: oo v?,
()~ — cos 6 1T — — sinbj d) — T+ —j

() Clearly a=a,cosg(-T)+a,sind(i) =2 cos 6i—2 sin 6

Y

? P( R, 0)
A& X

An annular ring with inner and outer radii R; and R, is rolling without slipping with a uniform
angular speed. The ratio of the forces experienced by the two particles situated on the inner and

outer parts of the ring , % is [2005]

2

R\ Ry R
(@) (R—j (b) (© R, (d)1
(¢)
vy =R,

=R,

Let m is the mass of each particle and w is the angular speed of the annular ring.
V2 W2 2
R R
2
1% 2
=—=WR
az R, 2
Taking particle masses equal

i_ ma; meo) _&

F, B ma, B MR, oy2 B R,
NOTE:
The force experienced by any particle is only along radial direction.



74.

sol.

75.

sol.

Force experienced by the particle, F = mw?R
Fi R

F, R,

Which of the following statements is FALSE for a particle moving in a circle with a constant angular
speed? [2004]

(a) The acceleration vector points to the centre of the circle

(b) The acceleration vector is tangent to the circle

(c) The velocity vector is tangent to the circle

(d) The velocity and acceleration vectors are perpendicular to each other.

(b) Only option (b) is false.

since acceleration vector is always radial (i.e. towards the center) for uniform circular motion.

The minimum velocity (in ms~1) withwhich acardriver must traverse a flat curve ofradius 150 m
and coefficient offriction 0.6 to avoid skidding is [2002]
(a) 60 (b) 30 (c) 15 (d) 25
(b) The maximum velocity of the car is
VUmax = 4/ HUTg
Here 1 =0.6, r = 150m,g = 9.8
Vimax = V06 X 150 X 9.8 = 30m/s




WORK ENERGY AND POWER

Work :
Work is said to be done on a body, only when energy of the body changes (Mechanical energy or Thermal
energy)
A force or a Torque is responsible for work done on a body.

Workdone by a force :
Work is said to be done on a body by a force, if it displaces the point of application of force in its direaction
or opposite to its direction.
Here force may be constant or variable i.e function of time or function of position

Work done by constant force:

¢ When a constant force 7 acts on a particle and the particle moves through a displacement g,
then the force is said to do work W on the particle.

The scalar (dot) product of 77 and g, can be evaluated as

w =F.S5=FScos g
Where
F is the magnitude of z,

S is the magnitude of §
g is the angle between F and S .
. W=magnitude of the force x component of displacement in the direction of force
W =FScosf=F(Scos)

. W =component of the force in the direction of displacement x magnitude of the displacement

W =(Fcos)S

Work is a scalar quantity.
SI Unitis Nm or joule (J).
CGS unit s erg.

* & o o

1J = IN x1m; lerg =1dynexlcm
3 Dimensional formula of work is [MLZT - ] )

* Relation between joule and erg: 1 joule=10" erg



Other units of work:
Electron Volt (eV) =1.6x107"J

Kilowatthour—=3 6x10°J
Work done by multiple forces:
If a number of forces act on a body or particle then:

W=W+W,+W,+....
W=J‘F:$+J‘F;%+ ......
WZJ-(E%-E#- ....... )21?

W= jﬁ;.%[as ﬁ’; = ZF]
Work done in displacing a particle under the action of a number of forces is equal to the work
done by the resultant force.
Nature of Work:
Work done by a force may be positive or negative or zero.
Ex:
(a) If we lift a body from rest to a height h

~<—1—0 ——> 1y
= >

mg
Work done by lifting force F , W, = Fhcos0’ = Fh (+ve)
Work done by gravitational force , W, =mgh cos180° =-mgh (—ve)

So,net work W =W, +W, = Fh—mgh=(F —mg)h
Now, if the body is in equilibrium F=mg, W=0
(b) If abody is pulled on a rough horizontal road through a displacement S
N

}—s

r 1]

Work done by normal reaction and gravity W, =0as forceis | toS
Work done by pulling force F, W, = FS cos0’ =FS (+ve)
Work done by frictional force f, W, = fs cos 180° = —umg (—ve)

Network W =W, +W,+W,=0+FS— fS=(F-f)S
Now, if the body is in dynamic equilibrium f = F ;So, W=0



Zero Work:

¢ Work done is zero if

1. Force and displacement are perpendicular.
2. Displacement of point of application of forced is zero.
3. Net force acting on the body is zero.

oAsW=de§

s0,if ds =0, =0
i.e., if the displacement of a particle or body is zero whatever be the force, work done is zero
(except non-conservative force)
(a) When a person tries to displace a wall or stone by applying a force and it (actually its centre
of mass) does not move, the work done is zero.
(b) Aweight lifter does work in lifting the weight from the ground but does not work in holding it

up.

¢ As W = [ Fds cos6, 50 W =0,if 6=90"ie,

if force is always perpendicular to motion, work done by the force will be zero though neither
forced nor displacement is zero. This is why:
(a) When a porter moves with a suitcase on his head on a horizontal level road, the work done by
the lifting force or force of gravity is zero.
(b) When the bob of a simple pendulum swings, the work done by tension in the string is zero.

Work done by Variable Force:

ds

A

When the magnitude and direction of a force varies with position,

then the work done by such a force for an infinitesimal displacement ds is given by

dW =F ds

B

B
The total work done in going from Ato Bis Wiz = _[F ds = J(F cos 0) ds
A

A

In terms of rectangular components ~ F = F_j+ F,j+F.k ds =dxi+dy j+dzk

B B B
W:.[dex+JFYdy+'[Edz
A A A



Graphical representation of work done:
B Thearea enclosed by the F-S graph and displacement axis gives the amount of work done by the force.

F
|

> S

Work = FS = Area of OPQR

BWork done by variable force

FA

Xy Xy
W= jdwz dex
X; X,

M [farea lies above X-axis work done is +ve
if the area enclosed below X-axis work done is —ve
F

o

Negative work

Applications on work:

¢ If force is changing linearly from F; to F, overadisplacement S then work done is

W=(—E+szs
2



¢ If force displaces the particle from its initial position ;_ﬂ; to final position E then displacement vector

l
Il
~
|

=N

YA

W=FS=F(r-7)
¢ Work done in pulling the bob of mass m of a simple pendulum of length L through an angle g to vertical by
means of a horizontal force F.

Work done by gravitational force W =—mgh = —mgL(1—cos )

*Work done by horizontal force F is W=FL sin g
*Work done by tension T in the string is zero.
¢ Work done by gravitational force in pulling a uniform rod of m ass m and length ; through an angle g is
given by

_ /

C.G )
h
U

w =—mgé(l—cos¢9),

C.G

/
Where ) is the distance of centre of mass from the support.

¢ Aladder of mass ‘m’ and length ‘L’ resting on a level floor is lifted and held against a wall at an angle g
with the floor



o ) L) .
Work done by gravitational force is Wg =-mgh=-mg 5 sin @

¢ A bucket full of water of total mass M is pulled by using a uniform rope of mass m and length ;.

l
Work done by pulling force. W =mgl +mg 5

¢ A block of mass m is suspended vertically using a rope of negligible mass.
Ifthe rope is used to lift the block vertically up with uniform acceleration ‘a’,
work done by tension in the rope is

W= m(g+a)h (h = height)
If block 1s lowered with acceleration ‘a’, then
W=-m ( g- a) h

1
¢ A uniform chain of mass M and length L is kept on smooth horizontal table such that pr ofits length is

hanging over the edge of the table.
The work done by the pulling force to bring the hanging part onto the table is

- 3 [N ——>

M MY (L) MgL
W= i h= _— —_— =
(n]g [njg(znj 2’
: .M
Mass of hanging part is P

1
¢ A uniform chain of mass M and Length L rests on a smooth horizontal table with i part of'its length is
1

hanging from the edge of the table.

1
Work done in pulling the chain practically such that 0 part is hanging from the edge of the
2

o MeL[1 1
tableis givenby =~ = - ¥_n_§



¢ Auniform chain of mass ‘M’ and length L is suspended vertically. The lower end of the chain is lifted upto

point of suspension
Z yIIIA
G2
A
1 /+ 4
Gl Gl
)
1/4
18c
L L L .. .
h= 7 + 7o Traisein centre of mass of lower half of the chain.
o . M L Mgl
Work done by gravitational forceis W, = 5857 _Tg

¢ The work done in lifting a body of mass ‘m’ having density 'd, ' inside a liquid of density 'd, ' througha
height ‘h’ is

mg
W=mgh= mgh{l —Z—ﬂ
¢ Abody of mass 'j;'is placed on a frictionless horizontal surface.
A force F acts on the body parallel to the surface such that it moves with an acceleration ‘a’,
through a displacement ‘S’.
The work done by the force is W = F'S = ma$S ( 0=0 )
¢ A body of mass '7;'is placed on a rough horizontal surface of coefficient of friction 4 .
A force F acts on the body parallel to the surface such that it moves with an acceleration ‘a’,
through a displacement ‘S’.
The work done by the friction of the force is 1 = umg cos @; butf = 0°
o f =umg cos0’ =umg
W:(f+ma)S :(umg+ma)S = m(ug+a)S
If the body moves with uniform velocitythen W = f S =umg S
¢ Abody of mass m is sliding down on a smooth inclined plane of inclination .

If L is length of inclined plane then work done by gravitational force is

W,=FS=mgsinOL



¢ A body of mass '7;' is moved up the smooth inclined plane of inclination @ and length L by a constant
horizontal force F then work done by the resultant force is

W =(Fcosf—mgsinb)L

N Fcosé

¢ Abody of mass 'z, is sliding down on rough inclined plane of inclination .

If Lis the length of incline and 4, is the coefficient of kinetic friction then work done by the
resultant force on the body is

W =(mgsin@— f, )L =(mgsin@— u,mgcosb)L

=mgL(sin @ -y, cos 6)

¢ A uniform solid cylinder of mass m , length ] and radius r is lying on ground with curved surface in contact
with ground.

Ifitis turned such that its circular face is in contact with ground then work done be applied
force is

é T
v g me{ L =L

# Two blocks of masses m, and m, (m, > m, ) connected by an inextensible string are passing over a

smooth, massless pulley.

The two blocks are released from the same level. Atany instant ‘t’, if °x” is the displacement of
each block then



Work done by gravity on block m,, W, = +m, gx
Work done by gravity on block m,, W, =—-m,gx

Work done by gravitational force on the system, W, = m,gx —m,gx
1
W, =(m —m,)gx=(m, _mz)g(zmzj [ Vi—ut = 2as]

¢ 2(m+m,) m, +m,

Note:
In this work done on the two blocks by tension is zero.

W:T(x)+T(—x)=0
Work Done in Conservative and Non-conservative Field:
¢ In conservative field, work done by the force (line integral of the force

i.e. [F.di)is independent of the path followed between any two points.

Wise =Wiss =W,p

Path 1 Path 11 Path III
[Fdi = [Fai = [Fdi

Path I Path II Path IIT

or

111

¢ In conservative field work done by the force (line integral of the force

i.e. [F.dl )overaclosed path/loop is zero.



Wasg +Wpy =0

or §I?di =0

Conservative force :
The forces of these type of fields are known as conservative forces.
Example : Electrostatic forces, gravitational forces, elastic forces, magnetic forces etc and all the central
forces are conservative in nature.

If abody of mass m lifted to height / from the ground level by different path as shown in the figure

B B B B

[ ] [ ] [ ] [ ]
I IZ% / 51_’_’_‘ v I
AN | |

W, =F.s =mgsin@ x[=mg sin x

Work done through different paths
W, =F.s =mg x h=mgh

=mgh

sin @
Wy=mgh, +0+mgh, +0+mgh;+0+mgh,
=mg(h, +hy, +hy +h,)=mgh
W,y = [F.ds = mgh
Itisclearthat w,=w,=w,, =w,, =mgh .
Further if the body is brought back to its initial position A, similar amount of work (energy) is

released from the system, it means w,, =mgh and W, =-mgh .
Hence the net work done against gravity over a round trip is zero.

Wyee =Wag +Wyy =mgh +(-=mgh) =0
1.e. the gravitational force is conservative in nature.
NOTE:

-dU N
Under conservative force £ = o where U is Potential Energy. U = I dU = —I F.dr

(F=F, i+F k+F.k



dr =dxi+dy j+dzk)

F a—”i+6—”j+a—”k
ox oy~ oz

Non-conservative forces :

A force is said to be non-conservative if work done by or against the force in moving a body from one
position to another, depends on the path followed between these two positions and for complete cycle this work
done can never be zero.

Example: Frictional force, Viscous force, Airdrag efc.
If abody is moved from position 4 to another position B on a rough table, work done against frictional force
shall depend on the length of the path between 4 and B and not only on the position 4 and B.

Wag = umgs
Further if the body is brought back to its initial position 4, work has to be done against the frictional force,
which opposes the motion. Hence the net work done against the friction over a round trip is not zero.

1R -
s

A

Wegy = umgs.
Wy =Wy +Wgy = umgs + umgs = 2umgs # 0.
i.e. the friction is a non-conservative force.



::PROBLEMS::
1. A body is displaced from a = (2f+4j— 6/€) to a = (6?—4]’\'4- 2/€) under a constant force

A~

F = (2f +3]— k) . Find the work done.
SOLUTION:

Work done W = F.S;W = f(g —a)
W= (27 +3] —12)[(65—4} +2l€)—(2f+4}'—6l€)}
w =(22+3}_;2j.(4}_8}+81%)
W =8-24-8=-24 units
2.  Aforce -9y ;+ 2 }+ 322 k N is acting on a particle. Find the work done by the force in displacing

the body from (1,2,3) m to (3,6,1) m..
SOLUTION :

Work done W = T Fdx+ yf F.dy+ T Fdz

X pgl 24

W= j-2xdx +j~ 2dy +j 3z%dz
1 2 3

2 7P 37!
W:{%} +2[y]2+3{%} =107

1 3

3. If W,,W, and WV, represent the work done in moving a particle from A to B along three different
paths 1,2 and 3 respectively As shown) in the gravitational field of a point mass m, find the
correct relation between WW,,W, and W,  [1IT-2003]

> B

NW>W,>W, B W=W,=W,  C)W,<W,<W, D) W, > W, > W,
SOLUTION :

Work done will be same in all the cases because gravitational field is a conservative field.
Thus work done is independent of the point B,

therefore W, =W, =W,



4.  The force acting on an object varies with the distance travelled by the object as shown in the figure.
Find the work done by the force in moving the object from x=0m to x=14m.

F(N)

o) 6 10 14 S

SOLUTION :
Work done=Area under F- S curve.

W=(%x6x4)+(4x4)+(%x4x4j=36J

5. Abody is displaced from (0,0) to (1m,1m) along the path x =y by a force F= (xz}' + y;) N. The

work done by this force will be
4 5 3 7
—J =J —-J —-J
A) 3 B) 6 © 2 D) 5
SOLUTION:

=" Fds
(0.0)
Here ds = dxi+dy j +dzk

W = J.((Ol:(l)))(x2dy +ydx) (as x= y)

3 2 (L.1)
W{Y_ﬁ_} _5,

6. The displacment x (in m), of a particle of mass m (in kg) is related to the time 7(in second) by
t =[x +3 - Find the work done in first six second. (in mJ)

SOLUTION :
(1-3) =1>—61+9
dx

v=—>=2t-6
dt

atr=0,v=-6 ;
at t=6,v=+6

X

initial KE =%m(—6)2 =18m

2

final KE:%m(6) =18m



7. When a rubber band is stretched by a distance ‘x’, it exerts a restoring force of magnitude
F = ax+bx*, where a and b are constants. Find the work done in stretching the unstretched
rubber band by ‘L’. (JEE MAIN 2014)

SOLUTION :

The restoring force exerted by the rubber band when it is stretched by a distance ‘X’ is F = gx + px2-
The small amount of work done on the rubber band in stretching through a small distance ‘dx’ is

dW = Fdx = (ax+bx2)dx
The total work done in stretching the unstretched rubber band by ‘L’ is

W:dex:j(ax+bx )dx Iaxdx+be2dx
0

0

2k 35 2 3
W=a )C_ +b x_ zﬂ_l_bi
2 0 3 o 2 3

X

2 y A
8. The work done on a particle of mass m by a force k[(x2 N yz)s/z I+ (x2 N y2)3/2 J | (k being a

constant of appropriate dimensions) when the particle is taken from the point (a, O) along a circular
path of radius a bout the origin in the x-y plane is [II'T-2013]
2kr kr kr
7 B) o (0} e D) zero
SOLUTION :

W= j F.di

. ; N yjz - (dx;+dy}) kj : ydy

’, (x2+y2)3/2 (x2+y) ; x +y 3/2 (x +y2)3/2
P SR W T T (| Y S S
_k;[(xz—l—yz)3/2 |:d( 2j+d( 5 ]} _k;[(x2+y2)3/2 (x2+y2)

g 1 rgzd rBd 1 s 1 .
i) 435 =% <] 4

A B

Butr,=aandr,=a ; - W=0
9. Forces acting on a particle moving in a straight line varies with the velocity of the particle as

a
F= ; where ¢ is constant. The work done by this force in time interval At is:

1
A) gAt B) EaAt C) 20t D) oAt



SOLUTION :

F=<
v
dv «
:>m—:—:>J.mudu:J‘adt
dt v

mo?
=at
%)
i AKE = gAt = work done

10. Aparticle of mass ‘m’is projected at an angle o to the horizontal with an initial velocity u. Find
the workdone by gravity during the time it reaches the highest point.

SOLUTION :

< - - — - -
s

W= —%mu2 sin’ ()

11. A10kg block is pulled along a frictionless surface in the form of an arc of a circle of radius 10 m.
The applied force is 200 N. Find the work done by (a) applied force and (b) gravitational force in
displacing through an angle 60°

SOLUTION:

Work done by applied force 17 = Frsin 0



B3

W =200x10xsin60° = 200><10><71732J

work done by gravitational force W = —mgr(1—cos 8)

W:—10><9.8><10(1—cos600)

W=—98x10(1—%)z—490]

12. A uniform chain of length 2 m is kept on a table such that a length of 60 cm hangs freely from the
edge of the table. The total mass of the chain is 4 kg. What is the work done in pulling the entire
chain back onto the table?

SOLUTION :
M=4 kg, L=2m, [ = 0.6m, g =10m /s>
M\, I

/
W=mog—=|"—|la—
Work done mg2 (LJ g2

W:(ijx0.6x10x%:3.6J
2 2

13. Find the work done in lifting a body of mass 20 kg and specific gravity 3.2 to a height of 8 m in
water? (g=10m/s?)

SOLUTION :

Given specific gravity 0 =9

p, =3.2x p, =3.2x1000 = 3200

_ ot 122 )= 201081100
WorkdoneW—mgh(l p;,] 20x10 8(1 3200)

W:20x10x8(@j:1100J
3200

14. Ablock of mass ‘m’ is lowered with the help of a rope of negligible mass through a distance ‘d’
with an acceleration of g/3. Find the work done by the rope on he block?

SOLUTION :

During lowering a block, tension inrope is 7 = m (g —a) andS = d

work done W = —m(g—a)d
Wz_m(g_gjdz_ﬂ
3 3

15.  If the system shown is released from rest. Find the net workdone by tension in first one second
(g=10m/s?)



3k B
Al2kg

SOLUTION :

a=| 2" g:(3_2]10:2m/s2
m, +m, 2+3
_2mm,g  2x2x3x10
m, +m, 243

T 24N

1 1
for each blocks SZEat2 :5x2><1:1m

W

net

=W, +W,=1TS-TS =0



Energy:

¢ Energy is the ability or capacity to do work. Greater the amount of energy possessed by the body, greater
the work it will be able to do.
¢ Energy is cause for doing work and work is effect of energy
¢ Energy is a scalar.
Energy and work have same units and dimensions.
¢ The different forms of energy are
* Mechanical energy,
*Light energy,
*Heat energy,
*Sound energy,
*Electrical energy,
*Nuclear energy ... etc.
¢ Mechanical energy is of two types
1) Potential Energy
2) Kinetic Energy
Potential energy (U):
¢ Potential energy of body is the energy possessed by a body by virtue of its position or configuration in the
field.
¢ Potential energy is defined only for conservative forces. It does not exist for non-conservative forces.
In case of conservative forces.
Feo| 9] v —Fi = fav [P
dr

Ll i

SJ
I
|
S

If 4 =2,U =0 .‘.UZIF.

¢ P.E can be +ve or -ve or can be zero.
¢ P.E depends on frame of reference.
EX-
1.Water stored in a dam,
2.A stretched bow,
3.Aloaded spring etc., possesses P.E
¢ In case of conservative force (field) potential energy is equal to negative of work done in shifting the body
from some reference position to given position.
¢ Potential energy can be defined only for conservative forces. It does not exist for non-conservative forces.
¢ Amoving body may or may not have potential energy.
¢ Potential energy should be considered to be a property of the entire system, rather than assigning it to any
specific particle.
Kinetic energy:
¢ Kinetic energy is the energy possessed by a body by virtue of its motion.

1
¢ Kinetic energy of a body of mass ‘m’ moving with a velocity ‘v’, KE = 5 mv’



¢ Kinetic energy is a scalar quantity.
¢ The kinetic energy of an object is a measure of the work an object can do by the virtue of its motion.
Examples for bodies having K.E
1) A vehicle in motion
2) Water flowing along a river
3) Abullet fired from a gun
¢ Kinetic energy depends on frame of reference.
EX-kinetic energy of a person of mass m sitting in a train moving with speed v is zero in the frame of train but

5 mv® in the frame of earth.

Relation between KE and Linear Momentum:

2
IS KE:lmv2 =P—:1Pv(°:P:mv)
2 2m 2

¢ Iftwo bodies of different masses have same momentum then lighter body will have greater KE

(v KEa )

¢ When a bullet is fired from a gun the momentum of the bullet and gun are equal and opposite.

l-eKEbullet — Mg”"
KEgun M bullet

Hence, the KE of the bullet is greater than that of the gun
¢ Abody can have energy without momentum. But it can not have momentum without energy.
¢ A bullet of mass ‘m’ moving with velocity ‘v’ stops in wooden block after penetrating through a distance
x’. IfF is resistance offered by the block to the bullet

(Assuming F is constant inside the block)

2
my 2
S.vhax

lmv2 =Fx; F=
2 2x

For a given body
¢ The graph between KE and P is a parabola.

KE

!

¢ The graph between /g g and P is a straight line passing through the origin.
1

Its slope= E



1
¢ The graph between /g E and P is arectangular hyperbola.

1

— 1

P

¢ Aparticle is projected up from a point at an angle ' @' with the horizontal. Atany time ‘t’if ‘P’ is linear
momentum, ‘y’ is vertical displacement and ‘x’ is horizontal displacement, then nature of the curves drawn
for KE of the particle (K) against these parameters are

i) K-y graph:
K =K,—mgy;
Itis a straight line
Kj
— Y
ii) K-t graph:

1
K:Ki—mg(uyt—ggtzj
ey — Ly
.y—uyt—Egt ;

It is a parabola

\_/

iii) K-x graph:

2
K=K, —mg[xtan@—%j

cy= (tanﬁ)x—[%]xz;

It is also parabola



\j

iv) K-P? graph:

1
It is a straight line passing through origin and slope= o
P2 =2mK
KA
4 : P2
P*aK

Restoring force and spring constant:  When a spring is stretched or compressed from its normal position
(x=0) by asmall distance x, then a restoring force is produced in the spring to bring it to the
normal position.
According to Hooke’s law this restoring force is proportional to the displacement x and its
direction is always opposite to the displacement.

x=0
«— F
0000000000 —> Fox
- +x —>
F >
1y -
“«_y—>
Fig. 6.20

ie. F;oc —;



F=-kx ...(1)
where ks called spring constant.
Ifx=1, F=k (Numerically)
k=F
Hence spring constant is numerically equal to force required to produce unit displacement (compression or

extension) in the spring. If required force is more, then spring is said to be more stiff and vice-versa.
Actually k is a measure of the stiffness/softness of the spring.

. . F
Dimension : As k= <

Aty
_m_ L =[MT™]

Units : S.I. unit Newton/metre, C.G.S unit Dyne/cm.

\ [£]

¢ Spring force is an example of a variable force which is conservative.
¢ In an ideal spring, the spring force £ is directly proportional to x’.
Where x is the displacement of the block from equilibrium position.
ie, [ =Kx.
The constant K is called spring constant.
¢ The work done on the block by the spring force as the block moves from undeformed position
x=0 to x=x,

AW = F dx = —Kxdx

w=[dw = I—dex = —%K(xz ) = —%Kxf

¢ If the block moves from x=x, to x=x, the work done by spring forceis ' = J. —Kxdx

X

1 1 1
Wz—EK(xf—xf)zszf—EKxf

Potential energy stored in a spring:
The change in potential energy of a system corresponding to a conservative internal force is

du = —J- I?;i;c,
0
dU =- (work done by the spring force)
2
dU=-| 2y, v =Lk
2 2

since U is zero when spring is at its natural length

Uf. :lez
T2



Work - energy theorem:
Work done by all forces acting on a body is equal to change in its kinetic energy.

ie,W=K,-K, lmv2 —lmu2
: 2 2

Where K and K are the final and initial kinetic energies of the body.

¢ Work energy theorem is applicable not only for a single particle but also for a system of particles.

¢ When itis applied to a system of two or more particles change in kinetic energy of the system is
equal to work done on the system by the external as well as internal forces.

¢ Work - energy theorem can also be applied to a system under the action of variable forces,
pseudo forces, conservative as well as non-conservative forces.

Application of work-energy theorem:
¢ A body of mass m starting from rest acquire a velocity ‘v’due to constant force F.
Neglecting air resistance.

Work done = change in Kinetic energy Emvz

¢ A particle of mass ‘m’is thrown vertically up with a speed ‘u’. Neglecting the air friction, the
work done by gravitational force, as particle reaches maximum height is

W,=AK =K, K,

1 1 1
W, =——mu’ ——mx0=——mu’
¢ 2 2 2
¢ A particles of mass ‘m’ falls freely from a height ‘h’ in air medium onto the ground. If ‘v’ is the
velocity with which it reaches the ground, the work done by air friction is W, and work done by

gravitational force W, then,

1 1
Wg +Wf =—m’ —-0=—m’
2 2

¢ A block of mass ‘m’ slides down a frictionless incline of inclination 'g' to the horizontal.
If h is the height of incline, the velocity with which body reaches the bottom of incline is

. L
W, =AK; mgh:Emv -0

mgh = %mvz; V= \/E
¢ A body of mass ‘m’ starts from rest from the top of a rough inclined plane of inclination'g' and
length '/'.
The velocity ‘v’ with which it reaches the bottom of incline if £, is the coefficient of Kinetic
friction is
W,+W,=Ak

mgsin @) +(—u, mgcosd lzlmvz—O
(mg ) ( Hmg ) 5

V= \/Zgl(sinﬁ—,uk cosd)



¢ A bob of mass m suspended from a string of length / is given a speed u at its lowest position then
the speed of the bob v when it makes an angle ¢ with the vertical is

W, +W, :AK:mgl(l—cosﬁ)+O:%m(v2—uz)

v=ju’—2gl(1-cosf)

¢ A bullet of mass ‘m’ moving with velocity ‘v’ stops in a wooden block after penetrating through
a distance x.
If °f” is the resistance offered by the block to the bullet.

W,=K,-K,; - fx=0-KE,

KE —m* P?

1

f2f 2mf

¢ A block of mass ‘m’ attached to a spring of spring constant ‘K’ oscillates on a smooth horizontal
table. The other end of the spring is fixed to a wall. It has a speed ‘v’ when the spring is at
natural length. The distance it moves on a table before it comes to rest is calculated as below

Wer+W,+W, =AK (S.F = spring force)

Let the mass be oscillating with amplitude ‘x’,

i.e., stopping distance X =

On compressing the spring W . = - Kx?
Wg =FS cos 90° = 0; W _=NS cos 90° =0
Wsr= Kf -K, = _%sz B 0_%’%‘/2 = Xx= V\/%

¢ A pile driver of mass ‘m’ is dropped from a height ‘h’ above the ground. On reaching the ground
it pierces through a distance ‘s’ and then stops finally. If R is the average resistance offered by
ground then

1 1
W,+W,=K,—-K, ZEmuz —Emv2
mg(h+s)+(-Rs)=0; R :mg(l+%J

u=0 .
?II air

v | vi=+28h
A

S soil

\

v=0
Here time of penetration is given by impulse equation (R-mg) t= 0—m./2gh
¢ A body of mass ‘m’ is initially at rest. By the application of a constant force, its velocity changes

to v, in time 7, the Kinetic energy of the body at time ‘t’ is

W=AK=K,~-K~=K,~0



Types of Equilibrium:
A body is said to be in translatory equilibrium, if net force acting on the body is zero, j.e., Fou=0

dU

If the forces are conservative £ = T

and for equilibrium F=0,

dUu du
_AU _oor Y o o ..
so=— or—-=0 At equilibrium position
slope of U-r graph is zero or the potential energy is optimum (maximum or minimum or constant)
There are three types of equilibrium
(1) Stable equilibrium (ii) Unstable equilibrium
(iii) Neutral equilibrium
Stable equilibrium:
1.Net forced is Zero
dU .
2. o 0 orslope of U-r graph is zero
3.When displaced from its equilibrium position, a net retarding forces starts acting on the body, which has a
tendency to bring the body back to its equilibrium position
2
4.PE in equilibrium position is minimum as compared to its neighboring points as 0 is positive
r

5.When displaced from equilibrium position the centre of gravity of the body comes down

N

Unstable equilibrium:
1.Net force is zero

du )
2. e 0 (or) slope of U-r graph is zero

3.When displaced from its equilibrium position, a net force starts acting on the body which moves the body
in the direction of displacement or away from the equilibrium position

2
4.PE in equilibrium position is maximum as compared to other positions as 0 isnegative
r

5.When displaced from equilibrium position the centre of gravity of the body goes up
)

=



Neutral equilibrium:
1.Net force is zero

du )
2. e 0 (or) slope of U-r graph is zero

3.When displaced from its equilibrium position the body has neither the tendency to come back nor move
away from the original position.

d’U
4.PE remains constant even if the body is moving to neighbouring points 0 =0
r

5.When displaced from equilibrium position the centre of gravity of the body remains constant

*

Potential energy curve :
A graph plotted between the potential energy of a particle and its displacement from the centre
of forceis called potential energy curve.
Figure shows a graph of potential energy function U(x) for one dimensional motion.
As we know that negative gradient of the potential energy gives force.

_4dU _ ¢
dx

U(x)

o

Nature of force :
(i) Attractive force :

On increasing x, if U increases,
dU .
—— = positive
dx >
then F'is in negative direction
i.e. force is attractive in nature.

In graph this is represented in region BC.
(ii) Repulsive force :
On increasing x, if U decreases,

dU .
—— = negative
dx ’

then F'is in positive direction

i.e. force is repulsive in nature.



In graph this is represented in region 4B.
(iii) Zero force :
On increasing x, if U does not change,
v _
dx

then F'is zero .
‘ _ i.e. no force works on the particle. N o
Point B, C and D represents the point of zero force or these points can be termed as position of equilibrium.

0

Law of conservation of Mechanical energy:
Total mechanical energy of a system remains constant, if only conservative forces are acting on
a system of particles and the work done by all other forces is zero.

U, -U =-W
From work energy theorem W =k, -k,
"U,-U ==k~ k)

~U,+k,=U;+k; = U+K =constant

The sum of potential energy and kinetic energy remains constant in any state.
A body is projected vertically up from the ground. When it is at height ‘h” above the ground,
its potential and kinetic energies are in the ration X : y .
If H is the maximum height reached by the body, then

X h h X
—= or —=
vy H-h H x+y




:: PROBLEMS : :
1. Two spheres whose radii are in the ratio 1 : 2 are moving with velocities in the ratio 3 : 4. If their
densities are in the ratio 3 : 2, then find the ratio of their kinetic energies.

ni_lw 3p 3
, 2'v, 4 p 2
1 1(4
KE=—my=— Vi=—|—ar’p |V’
2 (Ve) 2 ( 3 pj
3 2 3 2
KE o[ i) i) 2341 43
KE, p, \r v, 2 \2 4
KE 3 1 9 27
=—X—X—=——
KE, 2 8 16 256
2. An engine is pumping water continuously. The water passes through a nozzle with a velocity v.

As water leaves the nozzle, the mass per unit length of the water jetis m,. Find the rate at
which kinetic energy is imparted to the water.

1 1 1 1
A) 5m0v3 B) Emovz 0) 5m0v3/2 D) Emovl/z
SOLUTION :
dm
my=—
dx

4 ey - L)L),
dn dt\ 2 2\ dt

l(dmj(dx) , 1 3
=—|— || —|v ==my
2\ dx )\ dt 2

3.  Aparticleis projected at 60° to the horizontal with a kinetic energy ‘K’. Find the kinetic energy
at the highest point? (JEE MAIN 2007)
SOLUTION :

L . [
Initial kinetic energy is K = o
The velocity at highest point v. =ucos? .
Kinetic energy of a particle at highest point

1 1 K
K, =—mv: =—mu’cos’ 6 =K cos’ 60" = —
2 2 4

4. An athlete in the Olympic games covers a distance of 100 m in 10s. His Kinetic energy can be
estimated to be in the range. (JEE MAIN 2008)
1) 200J-500J 2) 2x10°J -3x10°J 3) 20,000J-50,000J 4) 2,000J - 5,000J
SOLUTION :

Approximate mass of the athlete = 60kg



Average velocity = 10m/s

Approximate K.E%mv2 = %x 60x10* =3000J
Range of KE =2000 J to 5000 J

5.  Kinetic energy of a particle moving along a circle of radius ‘r’ depends on the distance as KE =
cs?, (cis constant, s is displacement). Find the force acting on the particle

SOLUTION :

KE:lmvzzcszjvz( EJS

2 \ m
dv fZC ds /20
at:—: —X— =V, |—
dt m dt m
F =ma, =mv ’£:|:m ks} /£=20s

m m m

2 2
Total force F =/ F’ +F’ =\/(2cs)2 +(mv j

,
2
F :2cs,fl+s—2
r

6.  Arectangular plank of massm, and height ‘a’ is on a horizontal surface. On the top of it another
rectangular plank of mass m, and height ‘b’ is placed. Find the potential energy of the system?

m, b

m,

SOLUTION:
Total potential energy of system U=U, + U,

—mgstm aé =\ Zvm, |a+m b
1g2 28 5 5 2 2| 5 g

7. Aring ‘A’ of mass ‘m’is attached to a stretched spring of force constant K, which is fixed at Con a
smooth vertical circular track of radius R. Points A and C are diametrically opposite. When the ring

slips from rest on the track to point B, making an angle of 30° with AC. (/4CB =30°) spring
becomes unstretched. Find the velocity of the ring at B



N | —

A)_KRz(2—\/§)2+ng/§}2 B) _KR2(2—\/§)2+gR

| 2m | m ]

- 5 1 - 5 -1

o= (2—@2*5’”5}2 D) | G (V1) e |
SOLUTION :

Decrease in elastic PE + Decrease in PE = Increase in KE

%Kx2+mg(AD):%mv2
x=AC—CB=2R-2Rcos30° = R(2-+3) (4s £CBA=90°)
AD = AB cos 60° =(ACSin30°)cos60°=§

1 2 R 1
So, EKR2 (2—\/5) +mg5:5mv2

m

V{KRZ (zﬁ)ugRT

Arod of mass m and length L is held vertical. Find its gravitational potential energy with respect
to zero potential energy at the lower end?

dy

IN\N

y

77777777 7777777

SOLUTION :

Choose a small element of length dy, then

m
mass of the element 47 = (fj dy,

The potential energy of the element dU = (dm) g (y ) Potential energy of the entire rod



2EN?  (2E
9. The total mechanical energy of a particle is E. The speed of the particle at x = (?j is (7)

Find the potential energy of the particle at x:

1 2
A) zero B) 5 Lge C) 7 Kx° D) SK¥

SOLUTION :
2E 1/2 2E 1/2
X=|— v=| —
weelie) ()

or VZZZE or lmvz =F
m 2

1/2
2
So,at x = (?J , kinetic energy is equal to total mechanical energy.

2E 1/2
Hence, PE at x = (?j 1S zero
So, U(x)=0

10. Achain oflength ¢ and mass ‘m’lies on the surface of a smooth hemisphere of radius R> , with

one end tied to top of the hemisphere. Find the gravitational potential energy of the chain?
SOLUTION :

(Rd 9)

9/40:

! y=R cos@

Consider a small element of chain of width d g at angle ¢ from the vertical

m
The mass of the element @/ = (zj RdO

The gravitational potential energy of the element du = (dm)gy
The gravitational potential energy of total chain

i i
R R
U=£ (dm) =!( Rdé’jg (Rcos )



2 ! 2
U= mgR [sin (9]5 _ mgR sin L
/ 0 / R
11. A spring of force constant ‘%’ is stretched by a small length ‘x’. Find work done in stretching it

further by a small length ¢y’?
SOLUTION:

1
Initial potential energy U, ) kx?

1
Final potential energy U, = Ek (x + y)2
1 2 1.,
Work done W:Uf_UiZEk(ery) _Ekx

w :%ky(2x+y)

12.  Under the action of force 2kg body moves such that its position ‘x’ varies as a function of time t

t3
given by x = 3 X is in meter and t in second. Calculate the workdone by the force in first two
seconds.
SOLUTION:

From work-energy theorem 1y = AKE

3

t dx
x=—,Velocityv=—=t
4 dt

Att=0,v =0,At t=2s,v,=4 m/s
_1 2 2 _1 2 _
W=2m(v; =)= x2(47-0)=16J

13. A uniform chain of length ‘/’ and ,as ‘M’ is on a smooth horizontal table, with (1/n)th part of its
length hanging from the edge of the table. Find the kinetic energy of the chain as it completely
slips off the table.

SOLUTION :
Work done AW =U,-U, =K, - K,

M_gl_Mgzl =1Mv2; V= gl{l—iz}
2 2n° 2 n

3
14. A particle moves move on the rough horizontal ground with some initial velocity V. If 1 of its

kinetic energy lost due to friction in time #,. The coefficient of friction between the particle and the
ground is



Vi 4 3 4

0
A5 B C D) —,
) 2gt, ) 4gt, ) 4gt, ) gty
SOLUTION :
K.E, =lmV02,
2
11,
KE, =——mV,
foap 0
V=V, - ugt,

15. Two blocks having masses 8 kg and 16 kg are connected to the two ends of a light spring. The
system is placed on a smooth horizontal floor. An inextensible string also connects B with ceiling
as shown in figure at the initial moment. Initially the spring has its natural length. A constant
horizontal force F is applied to the heavier block as shown. What is the maximum possible value
of F so that lighter block doesn’tloose contact with ground.

|

4m

B| 8kg oy | l0ke [——F

SOLUTION:
Draw FBD of B to get extension in spring. When block B just looses contact with ground
resultant force on it is zero.

T, “N

\J
mg

Kx—Tcos@=0=T= Kx

;Tsin@+N—-mg=0
cosé

When N =0 then 7'sinf =mg = sin@ =mg

cosd

mg 80 60

Y= _ v
Ktan® Kx(4/3) K

If spring has to just extend till this value then from work energy theorem we get

Fx:%sz — F =30N

16. A 0.5 kg block slides from the point A (see figure) on a horizontal track with an initial speed of 3m/s
towards a weightless horizontal spring of length 1 m and force constant 2 Newton/m.The part AB of
the track is frictionlessand the part BC has the coefficients of static and kinetic friction as 0.22 and
0.2 respectively. If the distances AB and BD are 2m and 2.14 m respectively find the total distance
through which the block moves before it comes to rest completely (Take g =10 m/s?).



B D C

A)4.20m B)4.14 m C)4.24m D) 4.26 m
SOLUTION:
From A to B, there will be no loss of energy.
Now let block compresses the spring by an amount x and comes momentarily to rest.
Then, loss of energy will be equal to the work done against friction.
Therefore,
X

kx
4—

-V

A B ¢ V=0 C

u,mg(BD + x) = %mv2 - %kx2

Substituting the values (0.2) (0.5) (10) (2.14 +x) = %(0.5)(3)2 —%(2)()()2

Solving this equation, we getx =0.1m

17. A2Kkgblock slides on a horizontal floor with a speed of 4 m/s. It strikes an uncompressed spring
and compresses it till the block is motionless. The Kkinetic frictional force is 15 N and spring

constant is 10,000Nm-'. Find the compression in the spring? (JEE MAIN 2007)
SOLUTION:

KE = %mvz = Wfriction + %sz

:%x2x42 =15x+%><10000><x2

= 5000x” +15x-16=0
= x=0.055m or x=5.5cm
18. A block of mass 1 kg kept over a smooth surface is given velocity 2 m/s towards a spring of spring
constant 1 N/m at a distance of 10m. Find after what time block will be passing through P again

10 m
A) (20+27)sec B) 10sec C) (10+27)sec D) (10+7)sec

SOLUTION :
s m s
t="+7 |—+=
% k v

19. A particle is suspended vertically from a point O by an inextensible massless string of length L. A
vertical line AB is is at a distance of L/8 from O as shown. The object is given a horizontal velocity
u. At some point, its motion ceases to be circular and eventually the object passed through the line




AB. At the instant of crossing AB, its velocity is horizontal. Find u.

[1999]
N
<
- L =i
-1 _ i
u i
B
SOLUTION: :
| |
C Vv
: 190-0
D :- ————— QT
I
|
|
: ____________ L+ Lsin®
|

o

L
3
8l
[
[
[
[
_|

LcosO

Now, we have following equations

2

1) T, =0 Therefore, mg sin6 = mli/ ...... (1)

2) v =u? -2gh =u® —2gL(1+sin®) ...... (2)

3) QD= %(range) ........ (3)

Comprehension-I

The potential energy U (in J) of a particle is given by (ax + by) , where a and b are constants. The mass
of the particleis 1 kg and x and y are the coordinates of the particle in metre. The particle is at rest at

(4a,2b) at time ¢ =(.



20. Find the speed of the particle when it crosses x-axis

1 a’+b’
A) a1 B) Ja* +b? C) SVa’ +b° D) %
SOLUTION :
- = 1(oU~ 0oU ~ A
=F/m=—|—i+—7j| =—(qgj i <1 —
a m m(aXl ayjj (al+b]) since, ;=1 kg

21. Find the speed of the particle when it crosses y-axis

A) 4/ + 12 B) 2, /2(a2+b2) C) 1/2(a2 +57) D) /(a* +57)
SOLUTION :

aX

=-b

acceleration =—a,

Y:2b+la t :2b—ét2
27 2

particle crosses x-axis, when y=0

22. Find the acceleration of the particle

A) 4J(a® +17) B) 2,2(a” +b7) ) 2(a* +17) D) /(a* +57)
SOLUTION :
Particle crosses y-axis, when x =0

23. Find the coordinates of the particle at t=1 second
A) (3.5a,1.5b) B) (3a,2b) C) (3a,3b) D) (3a,4b)
SOLUTION :
Coordinate at 7 = | sec will be (3.54,1.5b)

24. Inthe below figure, what constant force ‘P’is required to bring the 50 kg body, which starts from
rest to a velocity of 10m/s in 7m? (Neglect friction)

p
30°
50 kg

30°
777 77777




SOLUTION :
Work done by force Pin displacing the block by 7 m, W, (F cos)(S)

W, (Pcos30°)7 = MPJ
2
W =mgh =50 x 9.8 x 7 sin 30" =17
25. Three springs A,B and C each of force constant K, are connected at O. The other ends of B and C
can slide on smooth sliders. A pan is hanging from other end of the spring A. When a block of mass
m is placed int he pan, find the amount of workdone by the gravity on block system after it stops
vibrating. The spring C does not sag:

3nftg’ g mig ntg
A) T B) =/ 0 = D) T
SOLUTION:
The system will adjust in such a way by sliding the spring C remains unstretched and spring A and B
remains vertical.

Thus, effective force constant is giveny by
1 1 1

_ =t — -
K' K K~
oK
2
there is no effect of spring C.
K'x=mg ;
2
L 2me
K 2
W:mg.x:mg.zng

26. Figure shows a spring fixed at the bottom end of an incline of inclination 37°. A small block of mass
2 kg starts slipping down the incline from a point 4.8 m away from the spring. The block compresses
the spring by 20 cm, stops momentarily and then rebounds through a distance 1m up and incline.
Find (i) the friction coefficient between the plane and the block and (ii) the spring constant of the
spring . (g=10 ms?)



37°
TTIII7T 77777777777

SOLUTION:
Applying work energy theorem for downward motion of the body W= A KE

mgsin@(x+d)— fxI, —%sz =AKE

20sin37° (5)— p2x20c0s37° x5 —%K(o.z)2 =0
80 +0.02K =60 — (1)
For the upward motion of the body

—mg sin 01, +(f><l2)+%Kx2 = AKE

~2x10sin37° x1- ux20c0s 37" ><1+%K(0.2)2 =0

164-0.02K =-12 > (2)
Adding equations (1) and (2), we get
9%6u=48= u=0.5
Now, use the value of /# in equation (1), we get K=1000 N/m

27. Figure shows a light, inextensible string attached to a cart that can slide along a frictionless horizontal
rail aligned along an x axis. The left end of the string is pulled over a pulley, of negligible mass and

friction and fixed at height h =3m from the ground level. The cartslides from x, = 3J3mto x,=4
m and during the move, tension in the string is kept constant S0 N. Find change in kinetic energy of

the cart in joules. (Use 43 =1.7) in form of 10 x n, where n =

Ae—,

SOLUTION:
Change in kinetic energy = Work done by the force; so W =50x1 Along the string);

SO W =50Joule

a b
28. Inamolecule, the potential energy between two atoms is given by U (x ) = FERE Where ‘a’ and ‘b’

are positive constants and ‘x’ is the distance between atoms. Find the value of ‘x’ at which force is zero
and minimum P.E at that point. (JEE MAIN 2010)



SOLUTION :

dU

Force is zero => ——=0
dx

ic., a(-12)x" —b(-6)x7 =0

—12a 6b 12a 6b
E +x_7=0:> E =7
1
¢ 2a (2(1)6
=X —. . X=|—
b b

Substituting the value of x

12 6
o 2) o2
2a 2a

2 2 32
Umin = b_ - b_ = Umin = i
4a 2a 4a

29. In thefigures A) and B) AC, DG and GF are fixed inclined planes, BC=EF=xand AB=DE=y.A
small block of mass M is released from the point A. It slides down AC and reaches C with a speed
V. The small block is released from rest from the point D. It slides down DGF and reaches the
point F with speed V.. The coefficients of Kinetic frictions between the block and both the surfaces
AC and DGF are m. Calculate V_and V.

A) 1.7 m/s
SOLUTION:

A D
G
B C E F
(a) (b)
B) 2.7 m/s C)3.7m/s D) 0.7 m/s

In both the cases work done by friction will be pMgx

S MVZ = MVZ = Mgy — Mg

o Vo =Ve =429y - 2ugx

30. Two balls of same mass are projected as shown, by compressing equally (say x) the springs of different
force constants X, and K, by equal magnitude. The first ball is projected upwards along smooth wall
and the other on the rough horizontal floor with coefficient of friction « . If the first ball goes up by
height 7, then the distance covered by the second ball will be :



Kl
2hK, hK, 3hK, hK,
A B C D
)UK, ) 2uK, ) 2uK, ) UK,
SOLUTION:
%lez =mgh
2= 2mgh
Kl

1
> K,x* = umgx,

2 _ 2 umgx,