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Topic : Unit and Dimension

1. If e is the electric charge of an electron, c is the speed of light in free space,

and h is planck's constant, ¢ is permittivity of free space. The dimension of

62

is

4meghc

x) A [LCY

v) B. [MOLOT]
x) C. [MLTY

x) D. |mLT Y

Given,
e = Electric charge of an electron = [T'I]
¢ = Speed of Light = [M°L1T ]
h = Planck's constant = [ML?T ]
€9 = [M~1L=3T*1?]
2

Therefore dimension of ©

is [MOLOTO]
4mehe
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2. The work done by a gas molecule in an isolated system is given by,
W = a/BZG—z2/akT

Where z is the displacement, k is the Boltzmann constant, T is the
temperature, a and $ are constants, then the dimension of g will be :

x) A [MOLTO]
x) B. [M2LT?
v) C. [MLT2]

x) D. [MI>T-?

Given:
Work done, W = af2e~%"/akT

Where,

x = Displacement

k = Boltzmann constant
T = Temperature

a, B8 = Constants

We know that,
:I}2

akT

= dimensionless

= [;: } = [M°LOTY]

[kT] = [PV] = [ML*T?]
[2?] = [L?]

o] = [M1T?]
Also,
W] = [ap”]

= [ML*T % = [M'T?] [5?]
= [#] =
= [8] = [MLT?]
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3. Match List - | with List - II.

List - | List - I
((lplgnck's Constant) i [MLT ]
l()kiﬁetic Energy) ii. [ML*T ]
((:I'Elgctric Potential) iii. | ML*T 2]
((1I;ir113ear Momentum) . [ML1 1T ]

Choose the correct answer from the options given below.
v) A (a) = (i), (b) = (igd), (c) = (w),(d) = (9)
X) B. (a) = (49),(b) = (i1), (c) — (iv), (d) — (itd)
X) €. (a)— (i), (b) — (i), (c) = (iv), (d) — ()

x) D. (a)— (i), (b) = (iv), (c) — (i), (d) — (3)
(). Planck Constant, h = ?
E

== |3 = ez )
(ii). Kinetic Energy, E = %mvz

= [E] = [%mzﬁ} — [ML*T]

, . w
(i2). Electric Potential, V' = 7:

= [V] = {‘;—ﬂ = [ML1'T?]

w
It

(4v). Linear Momentum, P = mwv
= [P] = [mv] = [MLT ']
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4. The pitch of the screw gauge is 1 mm and there are 100 divisions on the
circular scale. When nothing is put in between the jaws, the zero of the
circular scale lies 8 divisions below the reference line. When a wire is placed
between the jaws, the first linear scale division is clearly visible while 72™¢
division on circular scale coincides with the reference line. The radius of the
wire is :

x) A 164mm
x) B. 18 mm
v C. 0.82 mm

X D. 0.90 mm
Pitch

Least count, LC = — -
Number of divisions on circular scale

= LC = L: 0.01 mm
100

Also, positive zero error e = +8 x LC = +8 x 0.01 = 4+0.08 mm

Now,
True reading

= Measured reading —e
=1+72x0.01 —0.08 =1.64 mm

1.64
Hence, radius = T: 0.82 mm
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5. In atypical combustion engine, the work done by a gas molecule is given
by,

W = a?ﬁe—ﬁm2/kT

Where z is the displacement, k is the Boltzmann constant, T is the
temperature, a and $ are constants, then the dimension of o will be :

v) A [MOLT?]
x) B. [M2LTY)
x) C. [MLT?]

x) D. [MI*T-?

Given:
Work done, W = a2fe~#*/kT

Where,

x = Displacement

k = Boltzmann constant
T = Temperature

a, B8 = Constants

We know that,
Bx? , .

— ——=dimensionless
kT

2
N !iiT = [M°LOT"]

[kT] = [PV] = [ML?T~2]
[2?] = [L?]

o 18] = [MT ]

Also,

(W] = [a?8]

= [ML*T?] = [M'T?] [&®]
= [o*] = [2°]

= [a] = [M°LT"]

Copyright © Think and Learn Pvt. Ltd. Unit and Dimension



v

X

X

X

A.

C.

D.

dimension of A where )\ = %‘?

[M 2L 13T
[M2L7312T°]
[M—lL—3I—2T—7]

[M 3L 13T

We know that,
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6. If C and V represent capacitance and voltage respectively then what is the
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7. In order to determine the Young's Modulus of a wire of radius 0.2 cm
(measured using a scale of least count = 0.001 cm) and length 1 m
(measured using a scale of least count = 1 mm), a weight of mass 1 kg
(measured using a scale of least count = 1 g) was hanged to get the
elongation of 0.5 cm (measured using a scale of least count 0.001 cm). What
will be the fractional error in the value of Young's Modulus determined by
this experiment.

X A. 9%
v) B. 149
x) C. 0.9%

X) D. 014%
In this case, Young's modulus will be given as:

mgL
Al

=G () (5 (F) ()
¥y \m g A l L
1— +0+2 H + ﬂ + £
1kg T l L
0.001 cmm n 0.001 cm n 0.001 m
0.2 cm 0.5 cm 1m
(3570 (57 39) + (55)
2 x 10° 5 103 10°

2 1

~ 7000 100 T 107 | 108

"Y:

I
VR N
==
-
o9
N~
+
[\

—_
S|+
(]
N——
+

—
—

C14+104+2+1 14

1000 ~ 1000
=1.4%
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8. The vernier scale used for measurement has a positive zero error of 0.2 mm
. If while taking a measurement it was noted that 0 on the vernier scale lies
between 8.5 cm and 8.6 cm, vernier coincidence is 6, then the correct value
of measurement is cm.

(Least count = 0.01 cm)

X A. 8.36 cm
x) B. 856cm
x) C. g58cm

v D. 8.54 cm

Correct Reading
= (MSR + VSR x LC) — Zero Error

= (8.54+6x0.01) —0.2x 10"

= 8.54 cm

Copyright © Think and Learn Pvt. Ltd. Unit and Dimension



9. In the experiment of Ohm's law, a potential difference of 5.0 V is applied
across the end of a conductor of length 10.0 cm and diameter of 5.00 mm.

The measured current in the conductor is 2.00 A. The maximum permissible

percentage error in the resistivity of the conductor is:

x) A -:
v) B. 39
x) C. gy
x) D. 30

We know thatV = IR and R = p%

Ap_AV+ AI+ Al+ Ad
oV I ! d

Now,

Since V = 5.0 V There is one zero after decimal, so AV =0.1V

Ap 01,001 01 , 001
p 5 2 10 5

Ap
— = 0.02 4 0.005 + 0.01 + 0.004

A
—=0.039
p

Ap
— > 100 = 0.039 x 100 = 3.9%
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10. The time period of a simple pendulum is given by T' = 27r\/75. The

measured value of the length of pendulum is 10 cm known to 1 mm
accuracy. The time for 200 oscillations of the pendulum is found to be 100
second using a clock of 1 s resolution. The percentage accuarcy in the
determination of g using this pendulum is . The value of x to the nearest

integer is.
X) A 5o
xX) B. 49
v) C. 39

X 2%

D
T=2 = 421
g 7 T

Ag Al 2AT
Now, —= — 4 ——
g l * T

Ag 1x107% 2x1
=t — +
9 10x10°% 100

Ag
= - 0.01 + 0.02 = 0.03

Ag
= X 100 = 0.03 x 100 = 3%
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The radius of a sphere is measured to be (7.50 4 0.85) cm. Suppose the
percentage error in its volume is z%. The value of z, to the nearest integer,
is

Accepted Answers

34 34.0 34.00
Solution:
We know that, the volume of the sphere,

4
V= —m

4
=hV= 3ln§7rr

AV Ar
= —=3 X —
V r
:A_VX100:3><£><100
V r

=3 X (ﬁ> x 100 = 34%
7.50
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12. Match List-I with List-Il

List-l List-Il

(a) Capacitance, C (i) MIL'T 3471
(b) Permitivity of free space, € (i3) M~ 1L—3T*A?
(c) permeabilityof free space, pg (i) M~1L2T*A?
(d) electric field, (iv) M*L'T 2 A2

v) A
X B.
x) C.
X D.

Choose the correct answer from the options given below.

(a) — (i), (b) = (id), (c) = (iv), (d) = (§)
(a) = (i42), (b) = (iv), (¢) = (i), (d) — ()
(@) = (iv), (b) — (i), (c) — (2i), (d) — (2)

(@) = (i), (b) — (i), (c) — (i), (d) = (¢)

We know that, Q = CV
-2 A< T]

V] [ML2T-3A4-1]
= [M'L2T*A?]
Similarly,

Fl [MLT?
- [

q [AT]
= [MLT3A]
From the Coloumb's law, we have

q192
F =
4megr?
o el 1ATP
O R [MLT-2)[L2]

_ [M71L73T4A2]

We know that, speed of light ¢ =

v/ Ho€o

1

po=—
€0C>

1
[M-1L-1T4A2) [LT 1)

(o] =

— [M1L1T72A72]
Hence, option (a) is corrcet.
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13. 3
A physical quantity 'y’ is represented by the formula y = m2?r—4g®l 2. If the
percentage errors found in y,m,r,l and g are 18,1,0.5,4 and p respectively,
then find the value of z and p

X A. 5and +2

X) B. 4and +3

1
v) C. —6and ii
3 2

X D. gand +2
3

Given, y = m?r g%l 2
As we know that, relative errors can be written as
Ay 2Am 4Ar xAg 3N

Y m r g 2 ]
On multiplying each term by 100, each term will represent percentage error.
So, putting the given values in the above equation we get,

18 =2(1) +4(0.5) + zp + 2(4)

= 18=10+xp
= 8=uap
By trial and error, only option (c) is valid for this scenario. Thus,

= — ::l:—
Y
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14. In a screw gauge, the fifth division of the circular scale coincides with the
reference line, when the ratchet is closed. There are 50 divisions on the
circular scale, and the main scale moves by 0.5 mm on a complete rotation.
For a particular observation, the reading on the main scale is 5 mm and the
20" division of the circular scale coincides with the reference line. Calculate
the true reading.

X A. 5.20 mm
X B. 5.25 mm
v C. 5.15 mm

X D. 5.00 mm

The distance covered by the main scale in one complete rotation is equal to
pitch.
‘. pitch = 0.5 mm

The least count of the screw gauge is,

pitch of the screw

"~ total no. of div. on circular scale

0.5

Zero error = (CSR x LC) =5 x 0.01 = 0.05 mm

Now, the fifth division of the circular scale coincides with the reference line,
when the ratchet is closed.

= The zero error should be subtracted from the reading obtained, to get the
true reading.

.. True reading = M SR + (CSR x LC) — zero error

=54 (20 x 0.01) — 0.05 = 5.15 mm

Hence, option (C) is correct.
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15. Assertion A : If in five complete rotations of the circular scale, the distance
travelled on main scale of the screw gauge is 5 mm and there are 50 total
divisions on circular scale, then least count is 0.001 cm.

Reason R :
Pitch

Least Count = — -
Total divisions on circular scale

In the light of the above statements, choose the most appropriate answer
from the options given below :

v ) A.  Ais not correct but R is correct.
X ) B. Both A and R are correct and R is the correct explanation of A.

X ) C. Aiscorrect but R is not correct.

x ) D. Both A andR are correct and R is NOT the correct explanation
of A.
For the screw gauge, the least count (LC) is given by the following formula,
Pitch

total division on circular scale

Least Count =

In 5 revolution, distance travel, 5 mm
So, 1 revolution, it will travel 1 mm.

Therefore, least count of screw gauge will be,
1
LC = %: 0.02 mm = 0.002 cm

It means the mentioned reason is correct, but the assertion is incorrect for
the same.

Therefore option (A) is correct.
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16. o X ukR
The entropy of any system is given by, S = a“SIn J—52+ 3| where aand

are the constants. u, J, k and R are the number of moles, mechanical
equivalent of heat, Boltzmann constant and gas constant respectively.
Choose the incorrect option.

Take S = B
T

X A. a and J have the same dimension.
x) B. g B kand xR have the same dimension.
X C. S and o have different dimensions.

v D. a and k£ have the same dimension.

Copyright © Think and Learn Pvt. Ltd. Unit and Dimension



kR
S — o2B1n {“—+ 3}
75

ukR
. { } = Dimensionless ... (1)
J 32
@f=85= 2= 18] = (@] = K
= [a?8] = [JK_I] ...(2)
Further,

= [R] = [JK 'mol ]
And, [uR] = [JK ]
Also,

Rt
Ny

= [k] = [JK]

From (1), as J is dimensionless,
= [l =PK] ...(3)

From (2) and (3),

[a] = [Dimensionless]

Hence, option (D) is the correct answer.

PV = puRT = the unit of [uRT] is Joules.

BYJU'S
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17.

If time (¢), velocity (v), and angular momentum () are taken as the
fundamental units. Then the dimension of mass (m) in terms of ¢, v and [ is

x) A [t 102
X B. [t102l‘1]
X C. [t 20 1]

v D. [til’U*Qll]

Given:
t, v and [ are the fundamental units.

m o t%°l°

Using dimensions

[M'LOT?] = [T]°[LT P [ML*T |
MLLOTO — pfe [b+2e pa—b—c

After comparing powers, we get
c=1,b=-2,a=-1

som o= [t

Hence, option (D) is correct.

BYJU'S
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18. The force is given in terms of time ¢ and displacement z by the equation
AD
F = Acos Bz + C'sin Dt. The dimensional formula of ?is:
x) A MLTY
v) B. M7
b4 C. [MlLlT_2]

X D. [M2L2T73]

The argument of the trigopnometric functions should be dimensionless.

.. The dimensions of

As the trigonometric functions are dimensionless,
A and C should have the dimension of force.

.. The dimension of

[4] = [MLT ]

(AD] _ [MLT?*|[T"]
= =

| B ] L]
= _%D— = [ML*T 3

Hence, option (B) is correct.
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X

X

X

v

A.

C.

D.

We have,

[M'L'T?]
[M—lL—lTZ}
[MOL'T?]

[MOLOT]

From the question, following are the dimensions,

Energy, [E] = [ML*T~?],

Mass [m]| = [M],

Angular momentum [I] = [ML*T '],
Gravitational constant [G] = [M ' L*T 2]

So, for P = EI2M 5G—2

[P] = [MLQT"”’] X [MLQT‘l}2 X [M]*5 X [M‘1L3T‘2r
Combining like terms,

[P] — |:M1+275+2L2+476T7272+4}
[P] = [M°L°T"]

It shows that, P is a dimensionless quantity.

[BYJu's
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19. If E, M,l and G denote the quantities as energy, angular momentum, mass
and constant of gravitation respectively, then the dimensions of P in the
formula P = EI2M °G~2 are

2

Copyright © Think and Learn Pvt. Ltd.
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20. Match List - | with List - I :

List - | List - 1l
(a) |[Magnetic Induction (i) |ML*7247!
(b) Magnetic Flux (i) M°L1'A
(c) |Magnetic Permeability (i) |MT2471
(d) |Magnetization (iv) IMLT2A?

Choose the most appropriate answer from the options given below:
X) A (a) = (i), (0) — (i), (c) — (i), (d) — (s1d)
X) B. (a)— (i), (b) — (3), (c) — (iw),(d) — (itd)
v) C. ()~ (i), (b) - (9), (¢) — (iv), (d) — (i)
X) D. (a)— (ii1), (b) — (i1), (c) — (iw), (d) — (9)
Dimensions of the quantities given in list- | are :
Magnetic induction : MT 247!
Magnetic flux : ML?>T 247!

Magnetic permeability : MLT 2A~2
Magnetization : M°L~1A

Hence, the correct match is :

(a) — (i), (b) — (), (c) — (iv), (d) — (i2)

21. Which of the following is not a dimensionless quantity?

X ) A. Quality factor
X ) B. power factor
x ) C. Relative magnetic permeability (r)

v ) D. Permeability of free space (1)

Permeability of free space is not a dimensionless quantity.
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22. If E and H represents the intensity of electric field and magnetizing field
respectively, then the unit of E/H will be:

X A. mho
v) B. oim
x) C. joule

X ) D. pewton

Unit of E'is V/m and unit of H is A/m.

Hence, the unitof E/H is :
|4

_/m = K: ) = ohm
A/m A

23. Match List - | with List - II.

List | List - Il
(a) |[Rg(Rydberg constant) (i) |kgmls7t
(b) |h(Planck's constant) (i) |kgm?s~!
(c) |up(Magnetic field energy density) (iii) fm1
(d) m(coefficient of viscocity) (iv) kgm 1s™2

Choose the most appropriate answer from the options given below :
X) A (a) - (i), (b) — (iii), (c) — (iv), (d) — (0)
X) B. (a)— (i), (b) - (i1), (c) — (4), (d) — (iv)
X) C. ()~ (i), (b) - (i), (c) - (i), (D) — (id)
v) D (a)— (i), (b) — (i1), (c) — (i), (d) — (9)

The units of given quantities are :

Ry (Rydberg constant) : m ™!

h(Planck's constant) : kgm?s—1!
pp(Magnetic field energy density): kgm 152
n(coefficient of viscocity) : kgm 151

Hence, the correct answer is :

(a) — (iid), (b) — (i), (c) — (i), (d) — (2)
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24.

If force (F), length (L) and time (T") are taken as the fundamental quantities.
Then what will be the dimension of density :

X

X

v

X

Let the dimensions of the density in new unit is :

A.

C.

D.

[FL3T3]
[FL5T?
[FLT?]

[FL3T?

[Density| = [FLT¢]

[ML™3] = [M“L°“T **L’T*]

[ML*3] — [M“L‘HbTC*%]

From the above equation, we can say that :

a=1

a+b=-3=b=-4
c—2a=0=c=2
Therefore, the new dimensions of density is :

[FL™4T?
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25. If velocity [V] time [T] and force [F] are chosen as the base quantities, the
dimensions of the mass will be

x) A [F T V’l]
X) B. [FvT]
x) C [FT?V]

v) D. [F T V’l]
According to Newton’s second law of motion, force is given by,

F=ma
where m denotes mass and a denotes acceleration

Applying dimensional analysis

[F] = [mfa]. .. ()

We know that acceleration is defined as rate of change of velocity

. velocity VvV
i.ea= = —
time T
o - v
Dimensional formula for acceleration is [a] = — .. (%)

[T]
By substituting (i7) in (4)

[Fl =1 ]m
[T]

[ ]=[F]E
Vi

m] = [F TV
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Topic : Motion in 1-D

1. A particle is dropped from the top of a building . When it crosses a point 5 m
below the top , another particles starts to fall from a point 25 m below the top

, both particles reach the bottom of the building simultaneously. The height
of the building is :

[g=10m/s’]

v) A 45m
b4 B. 35m
b4 C. 25m
b 4 D. 50m

Copyright © Think and Learn Pvt. Ltd. Motion in 1-D
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Sm
It particle

25m | ["A"""TC
120m -I/u1 =10m/s

I [l particle

Let the speed of the particle 1 be u; , 5 m below the top of the building .
Using v* —u?>=2as

’
|
|
|
|

h

v* =(2)(10)(5) [u=0]

v=10m/s

For particle 1 using second kinematic equation we have :
20+h=10t+gt>........... (1)

For particle 2 , using second kinematic equation we have :

Using equations (1) and (2) we have
20 + gt> = 10t + gt?
t = 2sec

Using this value in equation (1) we have
h =20m

The height of the building is,
254+20=45m

Hence, (A) is the correct answer.

Copyright © Think and Learn Pvt. Ltd. Motion in 1-D



A
Vv

I

time(t)

H:H'

i 4

M
F 3
d
A
v A
A
a
><B1A
3
x) C
TA
a
x ) D.
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2. If the velocity-time graph has the shape AM B, what would be the shape of
the corresponding acceleration-time graph?

Copyright © Think and Learn Pvt. Ltd.
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Al ] ————— e - B
\ / - We know that the slope of v — ¢ curve
N, time(t)

gives acceleration.

For AM, slope is constant and negative. Therefore, acceleration is constant
and negative.

Similarly, for M B, slope is constant and positive. Therefore, acceleration is
constant and positive.

This situation is best represented by the curve in option (A).
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3. An engine of a train, moving with uniform acceleration, passes the signal
post with velocity v and the last compartment passes the signal post with
velocity v. The velocity with which the middle point of the train passes the
signal post is :

x) A v

v) c. [P

2
X D. v+u
2

Suppose the length of the train is I.

So, v? — u? = 2al

U2—’LL2

2a

=1=

(1)

Also, let the speed of the middle point of the train is v,,.

l
Then, v2, — u? = 2a x 7 al

2 .2
:>'v$n—u2:a>< Y v

2a
[From (1)]

= U = 4/ 5

Hence, (C) is the correct answer.
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4. A scooter accelerates from rest for time ¢; at a constant rate «; and then
retards at constant rate a, for time ¢35 and comes to rest. The correct value

t1
of —will be -
12)

X A Q@ + oo
(8

v) B.

al

X c. « + oo
Qaq

x) D. &

o2
During acceleration,
v=0+ait; = aity
During retardation,
0=v— asty
= v = asto

= a1t1 = aots

t1 o

ta o

Hence, (B) is the correct answer.
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5. The velocity of a particle is v = vy + gt + Ft>. Its position is z = 0 at t = 0;
then its displacement after time (¢t = 1 s) is:
(g and F' are constants)

X A_ ’UO"’%"’F

X B. v t+2g9+3F
X C_ Uo+g+F

T
v — —
v D. % 27 3

Given, v = v + gt + Ft?

dz
We know that, v = —
dt

idw + gt + Ft?
&y
dt 0T 49

T t=1
= / dr = / (vo + gt + Ft*)dt
=0 t=0

9 t=1
= t+gt+Ft3
= |v _t —
© 2 3
t=0
= +g+F
=" —+ —
o 2 3

Hence, (D) is the correct answer.
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6.

The position, velocity and acceleration of a particle moving with a constant
acceleration can be represented by:

c
Q
T a(t
8 2| v 7 0
= x(t 8 g
o v
v) A & S 3
<
—t —» t —pt
x(t) 5
s/ I | M-
f 0 3
— o ]
8 G g
X B. T > 8
<
—>»t —pt —pt
v(t) o
g T 0
£ x(t 8 2
o b
X C. E g 8
<
—t —>t — >t
5
£ x(t > = a(t)
5 : g
7 S| v =
X D. ﬂ? = 8
<
—t —t — 3t
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In all the options, acceleration is constant and positive.
. dv .
Acceleration a = EIS the slope of the v — ¢t graph.

So, v — t graph should be linear and it should be increasing (to have
positive slope).

Velocity v = Cé—fis slope of the = — t graph. So = — ¢ graph should be
quadratic.
z o t? (parabolic graph)

Hence, (A) is the correct answer.
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7. Water droplets are coming from an open tap at a particular rate. The
spacing between a droplet observed at 4" second after its fall, to the next
droplet, is 34.3 m. At what rate the droplets are coming from the tap ? (Take
g=938 m/s2)

x) A. 3drops/s
x) B. 2drops/s

v) C. 1drop/s

1
x) D. ?drops/s
The distance travelled by a freely falling drop is,

1 1
h:ut+§at2:§at2 (cu=0)

In 4 sec, 1°* drop will travel,
1 2
by = 5% (9.8) x (4) = T84 m

. 2°4 drop would have travel,

hy = 78.4—34.3 =44.1m

So, time taken by 24 drop is,
1 2
h = S(9.8)¢% = 44.1

.t = 3sec
It means each drop have time gap of 1 sec.
So, drops are falling at a rate of 1 drop/s

Hence, (C) is the correct answer.
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8. The relation between time ¢t and distance x for a moving body is given as
t = mz? + nz, where m and n are constants. The retardation of the motion
is :

(Where v stands for velocity)

v A. 2muv®

X B. 2mnv

x) C.

2nv

X D. 21203

Given that,
t = mx? + nx

Differentiating w.r.t. z, we get

dt 1
—=—=2mz+n
de v
1
= _ e 1
2mx +n ( )

Again differentiating w.r.t. ¢, we get

dv 2m < dw)
a =, —
dt (2mzx +n)?\ dt

Substituting (1) in above equation,

a= —(2m)v®
So, the retardation will be,

—a = 2mv®

Hence, option (A) is correct.

Copyright © Think and Learn Pvt. Ltd. Motion in 1-D



of finite mass is dropped from the balloon when it was at a height of 75 m
from the ground level. The height of the balloon from the ground when the

object strikes the ground will be around :
(Take g = 10 ms™2)

x) A 300m
x) B. 200m
v) C 195m

x) D. 950m

-~
’ \

U=10m/s A

75m

i

u=10m/s; a=—g=—10m/s’; s=—75m

Object is projected as shown, so as per equation of motion under gravity,

Time taken by the object to reach the ground is given by,

L
s:ut+§at

1
—75 = +10¢t + 5(—10)752

Since, t can't be negative

S.t=05s

As the balloon is undergoing uniform motion,

Height of balloon from ground when the object reaches the ground is
H =75+ ut

= H="75+ (10 x5) =125 m

Hence, option (C) is correct.

9. A balloon was moving upwards with a uniform velocity of 10 ms~*. An object

BYJU'S
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10. The instantaneous velocity of a particle moving in a straight line is given as
v = at + Bt?, where a and S are constants. The distance travelled by the
particle between 1sand 2 s is

X) A 30+78
3 7
v) B. L
2Ty
x) c. o B
2+3
x) D. 3 7
PRl
Given that,
v = at + pt?

ds
= —=at + ft?
g aTh

Integrating both side within suitable limit

5o 2
/ ds = / (at + Bt*)dt
s 1

2
at? 5t3
& Oy [T+ T]l

As the velocity is always positive, the particle does not change the direction.

So, distance = displacement.

.. Distance, D = [a[42— 1] n 5[83— 1]]

Hence, option (B) is correct.
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11. A ball is thrown up with a certain velocity so that it reaches a height 'n’. Find
h
the ratio of the two different times of the ball reaching §in both the

directions.

x) A V2-1

V2+1
x) B. 1
3
v) Cc. V3-v2
V3+v2
x) D. ¥Y3-1
V341
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Using the conservation of energy theorem,
Projected speed, u = 1/2gh

Now, when ball is moving upward

1
Using, S = ut + 5at2
h 1
—=+/2ght —g)t?
3 ght+5(=9)

h

From quadratic equation,

5gh + 1/2gh igh
g )

g

ti,t2 =

So, the ratio of two different times of the ball reaching h/3 is

SR 4gh
VTN V64

12 igh 6 4
T+ /% V6 + V4

t1_\/_—\/§

R IRVE R,

Hence, the correct option is (C).
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12. Water drops are falling from a nozzle of a shower onto the floor, from a
height of 9.8 m. The drops fall at a regular interval of time. When the first
drop strikes the floor, at that instant, the third drop begins to fall. Locate the
position of the second drop from the floor when the first drop strikes the
floor.

xX) A 9245m
v) B. 735m
X) C. 9294m

X) D. 418m
Time taken by the first drop to reach the ground is :

tz\/%: V2s

When the first drop reaches the ground, the third drop begins to fall.
Therefore, the time interval between the drops is :

At = —=—
2”2

Therefore, the distance covered by the second drop is :
1
= —gAt?
T
_1 x 9.8 X 1_ 2.45

Therefore, the height of the second drop is :
h=H—-s=98—-245=7.35m

Hence, (B) is the correct answer.
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13. A helicopter is rising up from ground with an acceleration of g m/sz, starting
from rest after raising a height h it attains a velocity of v m/s. At this instant,
a particle is now released from the helicopter. Take ¢ = 0 at releasing time,
calculate the time ¢t when particle reaches to the ground.

x) A \/%
x) B. 2\/%
v) C (1+\/§)\/%
x) D. 4\/¥
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For upward motion of helicopter:

From third equation of motion,

v = u? + 2as

Here,u=0;v=v;a=9;s=h

v2 =0+ 2as

v = 4/2gh

Now, for the particle, motion will be as shown in figure, and it starts moving
under gravity.

wevd
|

h

1
7

_____________E__-'

|

So, from second equation of motion,
1 2
81 = Ult + Ealt

Here, u1 =v=+/2gh; s1=—h; a1 = —g

1
= —h = /2ght — Egt2

1
Egtz— 2ght —h =0
So, value of ¢t will be,

2k + \/2gh . (4 x %x (—h))

2><g

2
5 _
t:‘/?;ili¢2)

Since, t can't be negative,

_-_t:\/zg"(1+ﬁ)

Hence, option (C) is correct.

t =
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14. Velocity-time graph of the particle is shown in figure. Find the displacement
of the particle.

v(m/s)

7m
v) B 11m
X)) C. 5,
X) D 15m
v(m/s)

s T t(sec)
1 3 C D E
ol ., \I/

From diagram,

4 2
tan = —= ——

BC CD
—CD—E:»—CD+1—1+1
BC 2 BC 2

2 2 4
. BC==BD==-x2=—

3 3 3

As we know that net area of v — ¢ graph gives displacement.

.. s = area of graph

[ )] [

.'.Szﬁ—izllm
3

3

Hence, option (B) is correct.
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The velocity v and time t graph of a body in a straight line motion is shown
in the figure. The point S is at 4.333 sec. The total distance covered by the
body in 6 s is

A B
v(m/s)4'
ol
0 S D — t(sec)
| 1 | I |
1 2 3 4\5/5
2 4
v) A 37T
3
X B. 11m
x) Cc. ¥
4
X D. 12 m

As we know that total distance covered by the body is given by,
s = [|V|dt = sum of magnitude of area under v — ¢ graph

s = |area of OABSO| + |area of SCDS

S =

4) (4.333 + 1) + %(6 _4.333)(2)

N/J\r—\

37
ss=12333= Tm

Hence, option (A) is correct.
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16. A man in a car at location Q on a straight highway is moving with speed v.
He decides to reach a point P in a field at a distance d from the 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 ?

P

3

d

N Y

Q ’ R M
vAi
V3
x) B. ¢
2
x) c. %
V2
XD.d
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Let the car take the turn of the highway at a distance 'z’ from the point M.
So,RM ==z

Given the speed of the car at Q is v, so the time taken by the car to cover
the distance QR (= QM — ) on the highway is,

Time taken to travel the distance 'RP’ in the field is,

ty = —de/;wz ....... (2)

Total time elapsed to move the car from Q to P is,

QM—w+ Vd? + 22
v

t=1t; +ty = o2

For ¢ to be minimum, ﬁ: 0
dx

l[—l—k 2 X (2z)
2

v ‘/d2+$2
1 T

= —_-— — -
2 /A2 + 22

= d% + 2? = 42?

Hence, option (A) is correct.
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17. The velocity of a particle is v = vy + gt + ft2. If its positionis x = 0 att = 0,
then its displacement after unit time (¢t = 1) is

X) A w+g/2+f
X) B. wy+29+3f
v) C wy+g/2+f/3
X) D. v 4g/2+2f

We know that, v = d—x
dt

= dz = vdt

T t
Integrating, / dx = / vdt
0 0

¢

t

:>J::/ (vo + gt + ft*)dt =
0

tgt2 ft?
vo+2—|—3

. gt? [t}
= = R
T = vot + 2+ 3
Att =1,

9 f
l‘—vo+2+3

Hence, (C) is the correct answer.
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18. In a car race on straight road, car A takes a time t less than car B at the
finishing point and passes the finishing point with a speed 'v/ more than that
car B. Both the cars start from rest and travel with constant acceleration a;
and ay respectively. Then v is equal to

X

X

A.

ai + az
2

v/ 2a1a9t

2a1a2
a] + as

,/a1a2t
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Let the total time taken by car A is ¢y.

X

u=2~0 v, =aft,
vy = a,(t, + 1)

From question,

v4a —vB = v =aity — (t +to)az

:>v:(a1—a2)t0—a2t (Z)
And,
T = T4

Vaito = Jaz(to + t)

(\/_1 - \/@)tO = \/@t

Jaat
tp = ———— ....(30)
(vVa, — va3)
Putting ¢, in equation (i),
Jast
v=(a; —ay) ————ast
Var — /a

~ (/a1 + @)/t — ast
= v =,/aiast

Hence, (D) is the correct answer.
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time 2 s?
v) A
x ) B.
x) C.
x ) D.

Given,

S = ut+

%
Where, § =7} — 7,

19. A particle moves from the point (2.07 4+ 4.07) m, at t = 0, with an initial
velocity (5.0% + 4.03’) ms . It is acted upon by a constant acceleration
(4.07 4+ 4.07) ms—2. What is the distance of the particle from the origin at

2042 m
10v/2 m

5m

15m

Initial position vector, 7; = (2.0 + 4.07) m

Initial velocity, u = (5.0 + 4.05) ms™!

%

Acceleration, a = (4.07 4 4.07) ms 2

Applying the equation of motion,

1
T t?
2

—

Substituting the values,

4 ~ 1, - “Na?2
S = (51 +45)2+ 5(4@ +47)2
=107 + 85+ 81 +8)
= 7 ;- 7; =187 + 16
= 7y — (2 +45) = 187 + 16]
= 7 ; = 205 + 20j

|74 =20v/2m

Hence, (A) is the correct answer.
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20. A particle is moving with speed v = b,/z along positive z—axis. Calculate
the speed of the particle at time t = 7 (assume that the particle is at origin at

:0)
x) A b7
v, B. bz_T
X C b27_
2
x) D. U7
V2
Given,
v=>bz
dv b dz

“Tat 2y zdt

= a

bu b x by/x { dz }
= = '.' —_— =
2V 2% dt

b2
=aq=—
2

Rearranging and integrating the above equation,
v T b2
/ dv = / —dt
0 0 2
b2

nv=g7

Hence, (B) is the correct answer.
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21. A particle starts from origin O from rest and moves with a uniform
acceleration along the positive x—axis. ldentify all figures that correctly
represent the motion quantitatively.

(a = acceleration, v = velocity, x = displacement, ¢t = time)

a
(A) (B)
0 t 0 t
X‘/— XA
© D)
O t O t
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Given,
initial velocity, v = 0 and
acceleration, ¢ = constant

So, graph (A) is correct.

At time t, using equations of motion

v=0+at
=v=at ....(1)
Also,

1
z =0(t) + Eat2

1
:>w:§at2 ... (2)

Using equations (1) and (2) we get the graphs (A), (B) and (D) .

0 f — 0 f — 0 t —
Hence, (C) is the correct answer.
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22. The position of a particle as a function of time, t is given by
z(t) = at + bt? — ct3, where, a, b and c are constants. When the particle
attains zero acceleration, then its velocity will be:

2
x) A. b
a+ —
4c
b2
x) B. ,. Y

b2
X C. a+ —

2c
2
V D' a _|_ b_
3c
Given,

x = at + bt — ct?

d
=2 02t — et
dt

éa:ﬁ:2b—6ct
dt

When the particle attains zero acceleration,

b
26 —6ct=0=>t = —
3c

+2b<b> 3 (”) i
Y =a —] — oC| — = Q PR
(t:i) 3c 3c 3c

3c

Hence, (D) is the correct answer.
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23. The position vector of a particle changes with time according to the relation
?(t) = 15t%¢ + (4 — 20¢)j. What is the magnitude of the acceleration at

t=17?

x) A 4
x) B. 100
v) C. 5
x) D. o5

The position vector of particle is given as,
7 () = 15627 + (4 — 206%)j

Velocity of particle is,

- dr d N
= 15t%% + (4 — 20t%);
¢ = = 20
= 30t: — 40t
— d7
Acceleration, a = e 307 — 405

S ai—1 = 4/30% + (—40)2 = 50

Hence, (C) is the correct answer.
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24. Two trains A and B moving with speed of 36 km/hr and 72 km /hr
respectively in opposite direction. A man moving in train A with speed of
1.8 km /hr opposite to the direction of train A. Find velocity of man as seen
from train B (in m/s).

x) A 32m/s
v) B. 295m/s
x) C. 325m/s

X D. 28 m/s

EET I
,
O O 0 O
e e B

72 ke
© 1000

H = km /hr = =1

ere, V4, = 36 km/hr = 36 x 3600m/s 0m/s
1000
Vg = —72 km/hr = —72 x mm/s = —20m/s

Wian, oA = —1.8 km/hr = —0.5m/s

Velocity of man with respect to train B,

Vman, B — Vman, A+ VA B

= Vman, A + (VA - VB)
— 0.5 4+ 10- (-20)

=-0.5+30=29.5m/s

Hence, (B) is the correct answer.
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Topic : Motion in 2-D

1. The trajectory of a projectile in a vertical plane is, y = axz — B2?%, where a, 3
are constants, = and y are respectively the horizontal and vertical distances
of the projectile from the point of projection. The angle of projection and the
maximum height attained are respectively given by :

2

v) A tanla, L
48
o
X B. tanfl IB, _
28
o
X) C. tanla, —
28
o2
X D. tan—l IB, _
45
Given:
y = ax — fz’
g 2
Also, y=zrztan - ——— =
2u? cos? @

On comparing, we get,
tanf=a ...(1), and

2
g U 1
27 == —=— ...(2)
2u? cos? 0 g  2Bcos?f

So, angle of projection, § = tan ! o
[From (1)]

Now, maximum height attained,
u?sin® 6

2g

Hmax =

sin’ 6

= Hypax = ———
43 cos? 0

[From (2)]

tan®?0 o?
> Hppy = —= —

48 48
[From (1)]
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2. Two particles are projected from the same point with the same speed u
such that they have the same range R, but different maximum heights, h;
and hy. Which of the following is correct ?

X) A R2—4nhh,
v) B. R2_16hh
X) C. R2_2nh

x) D. R2—pihy
For the same range, the angle of projection will be 8 and 90° — 6. So

2 o3 20
hl:ﬂ and
29

u? SiI12(90O —6)  w?cos?6

h2 = =
2g 2g
2 sin 26
A]so, R = &
g
S0, hyhy = u?sin® 0 " u? cos? 0

2g 2g

4 5 . 5
1 20
hihas = —(1292 2sin f cos 0)? = E(ﬂ)

g
R2
hihs = —
172 16
R2 = 16h1h2

Hence, option (B) is correct.
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3. The co-ordinates of a moving particle at any time '’ are given by z = at?
and y = Bt3. The speed of the particle at time 't' is given by

X)) A 3t\/a? + B2
v) B spyaip
x) C. t2y/a2 + B2
x) D. NCE R

Coordinate of moving particle at time t are = = at? and y = S¢°.

dy
Uy = i 3at? and vy = = 34t?

S0 = /v + vy = /902t + 982!
= v =3t%/a? + 32

Hence, (B) will be the correct option.
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4. The position of a projectile launched from the origin at t = 0 is given by

= (407 +507) m at t = 2 s. If the projectile was launched at an angle 8
from the horizontal, then 6 is
(Take g = 10 ms™2)
x) A.
x) B.

v C. tan !

X D.

O RN | w|

As we know that horizontal component of projected velocity remains
constant.

So, from question,

40 —
0 0:20m/s

Horizontal velocity, u, = 5

And, initial vertical velocity (u,),

1 o
sy:uyt+§at

=uy=-—=235m/s
U 35 7
.‘.t 0 = —y: _— =
T e 20 4

7
= Angle, § = tan! 1

Hence, option (B) is correct.
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5. A projectile is given an initial velocity of (i + 2) m/s, where i is along the
ground and j is along the vertical. If g = 10 m/sz, the equation of its
trajectory is :

X) A y—gz 522
x) B. 4y = 2z — bx?
X) C. gy—z—5g?
v) D y=2z_ 532
. — 4 ~
From equation, v =i + 23
u; =1m/s; uy =2m/s
Now apply equation of motion along z & y axis,

r=ut=1xt=t (1)
And,

y=2t— %(10)t2 (2)
From egs. (1) & (2),

y = 2z — 5>

Therefore, option (D) is correct.
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6. The maximum range of a bullet fired from a toy pistol mounted on a car at
restis Ry = 40 m. What will be the acute angle of inclination of the pistol for
maximum range when the car is moving in the direction of firing with uniform
velocity v = 20 m/s on a horizontal surface ?

( Take g = 10 m/s?)

60°

30°

75°
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Given:
Ry=40m; v=20m/s

Let u be the projected speed of the bullet.

As we know that,

2

u

Rmam — RO = —
g

<

Let 8 be the inclination of the piston for maximum range when car is moving.

2uzuy  2(v+ ucosB)usinf

g g

max

For maximum range, ——=10
do

2
;(—usinG) sinf + (v + ucosf) cosf] =0

—usin?@ 4+ vcos@ + ucos? = 0
—(1 —cos?0) +cosf+cos?0 =0  (-u=wv=10m/s)
2cos’f+cosf—1=0

-1+ ,/1-4(2)(-1) 1
cosf = =-1,—-
2(2) 2

For acute angle,
1
cosf = §:> 0 = 60°

Hence, option (A) is correct.
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the wall is :
x) A
v B.
x) C.
x ) D.

4.4m

2.4 m

3.6m

1.6 m

[BYJu's
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7. A ball projected from the ground at an angle of 45°just clears a wall in front.
If the point of projection is 4 m from the foot of the wall and the ball strikes
the ground at a distance of 6 m on the other side of the wall, the height of
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=y
O

- —
- ~
~s

———————— \<

(@]
(‘g‘z\
Ul \
1 = \
1
1
! =
1
1
4
/
4
I/
o
£

4m

& > <& >
> >

<

Here,
Range=4m+6m=10m

As the ball is projected at an angle 45° to the horizontal,

Therefore, Range = 4H
10=4H:H:1740=2.5m

u?sin’ @

Maximum height, H =
29

2_I1T><2g_ 2.5 x2x10

sin’ 0 1 2
(%

u =100 = 10 ms!

= 100

From trajectory formula,

gz?

y=ztanf - ———
2u? cos? 0

So, the height of the wall PA is,

0A)?
h = (0A) tanf — 9(04)
2u? cos? 0
1 10 x 42

h=(4x1)— 7% 10 % (V2P

Sh=24m

Hence, option (B) is correct.
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8.

A boy can throw a stone up to a maximum height of 10 m. The maximum
horizontal distance that the boy can throw the same stone up to will be

X B. 10 m

v) D. 9om

Let u be the projected velocity of stone. So,

R_ u2sin20&H: u?sin® 6
g 2g

H oo Will be at 6 = 90°,

2

Hmaw = u_

29
= u? = 20g (. Hpaz = 10 m)
Now,

u? sin 20 u?

R — —:> Rmax _ —

g g

20

Rmax - 7.9: 20 metre

Therefore, option (D) will be the correct answer.

BYJU'S
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9. A projectile can have the same range R for two angles of projection. If T}
and T be times of flight in two cases, then the product of the two times of
flight is directly proportional to

v) A

R
x) B. L1
R
x) c. L1
R2
X D R2

We know that projectile has the same range for two complementary angles
6 and 90° — 6.

So the times of flight for these motion will be,

T — 2usin9& T — 2ucosf
g

Then,
4u? sin 0 cos 6

Ty = T: 2R

< u? sin29>
g

Thus, it is proportional to R (Range).

Hence, option (A) is correct.

[BYJu's

The Learning App

Copyright © Think and Learn Pvt. Ltd.

Motion in 2-D



[BYJu's

The Learning App

10. A ball is thrown from a point with a speed vy at an elevation angle of 6. From
the same point and at the same instant, a person starts running with a

constant speed %to catch the ball. Will the person be able to catch the

ball? If yes, what should be the angle of projection 6 ?

b4 A. No

X ) B. yes, 30°

__"170/2

Yes, man will catch the ball, if the horizontal component of velocity of ball
becomes equal to the speed of man.

Vo
— =1gcosb
2

.0 =60°

Hence, option (C) is correct.
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11. A boy playing on the roof of a 10 m high building throws a ball with a speed
of 10 m/s at the angle of 30° with the horizontal. How far from the throwing

point will be the ball be at the height of 10 m from the ground ?
(Take, g = 10 m/s°)

X) A 590m

x) B. 433m

x) C. 260m

U e
7 AN
Cd ~,
I’ \\\\
30° N
- \)
R A
10 m 10 m

Horizontal range is required

u?sin20  (10)?sin(2 x 30°)

g 10

~.R=5y/3=866m

Hence, option (D) is correct.
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12. A player kicks a football with an initial speed of 25 ms~! at an angle of 45°
from the ground. What are the maximum height and the time taken by the
football to reach at the highest point during motion ? (Take g = 10 ms~2)

x A- hmaw — 10 ]:Il7 T = 2.5 S
v) B h,.=15625m, T =1.77s
X) C. hpue=15625m, T =3.545

X) D po.=354m, T=0125s

Given :
u=25m/s
0 = 45°

The maximum height is given by :

u?sin® 6

29

hmam =

252 sin? 45°
RBomaw = ————— — 15.625
2 % 10 m

The time taken to reach the maximum height is :

using 25 sin 45°
g N 10

T: :1.773

Hence, (B) is the correct answer.

BYJU'S
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13. A particle starts from the origin at ¢ = 0 with an initial velocity of 3.0¢ m/s
and moves in the = — y plane with a constant acceleration (6.07 + 4.05) m/s”
. The z—coordinate of the particle at the instant when its y—coordinate is
32 m is D meters. The value of D is:

x) A 3
x) B. s
v) C. 4
x) D. 4

Given, u = (37 +0j) m/s and

@ = (6 +45) m/s’
. 1, ,
Using, s = ut + Eat , for y — axis
L,
y:uyt+§ayt
Loy
:>32:0><t+§(4)t

1

= x4 xt2=232
2

=t=4s

For x-axis,

L s
T = u,t + Eamt

1
=>m:3><4+5><6><42:60m

..D =60

Hence, (C) is the correct answer.
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14. A particle of mass m is projected with a speed of u from the ground at an
angle 0 = %w.r.t. horizontal (x-axis). When it has reached its maximum

height, it collides completely inelastically with another particle of the same
mass and velocity uz. The horizontal distance covered by the combined

mass before reaching the ground is:

v) A 3V3d

8 g
x) B. 3V2u’

4 g
x) c. b5v

89

2
X D. 2\/5“_
g
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Image for the given problem,

m 2m

*—u o—p Y\

ucoso

Using the principle of conservation of linear momentum for horizontal
motion, we have

pi = py

mu + mu cos 60° = 2mu

For vertical motion,

1 2h
h=0+—-gT*>?=T=,]—
2 g

Using maximum height formula,

2
u —
- u? sin” 60° B 2 B 3u?

29 29 89

Let R is the horizontal distance travelled by the body.

1
R =T+ 5(0)(T)2 (For horizontal motion, a=0)

2 X —
3u 8g 3\/§u2
= R=—X =
4 g 8g

Hence, (A) is the correct answer.
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15. Starting from the origin at time ¢ = 0, with initial velocity 55 ms ™, the particle
moves in the = — y plane with a constant acceleration of (107 + 45) m/sz. At
time t, its coordinates are (20 m, yo m). The values of ¢t and y, are,
respectively:

v A. 2sand 18 m
X B. 4sand52m
X C. 2sand 24 m

X D. H5sand 25 m

Given: o = 5j m/s
Acceleration, @ = 107 + 47 and final coordinates (20, yo) in time .

Using equation of motion along x-axis,

T = Uyt + ant2

1
:20:0—{—5X10Xt2

=t=2s
Using equation of motion along y-axis,

1
y:uyxt+§ayt

1
y:y0:5><2+5><4><22:18m

Hence, (A) is the correct answer.
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16. Two guns A and B can fire bullets at speeds 1 km/s and 2 km/s
respectively, they are fired in all possible directions. The ratio of maximum
areas covered by the bullets fired by the two guns, on the ground is:

v) A 1.16

x) B. 1.9

x) C. 1.4

x) D. 1.3
As we know,

u
Range, R,,.. = —

g
and, area A = 7R?

S Ax R2or A x ut
A w gt
”A2_u‘21_ 2]

Hence, (A) is the correct answer.
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17. A body is projected at t = 0 with a velocity 10 ms~! at an angle 60° with the
horizontal. The radius of curvature of its trajectory at ¢t = 1 is R. Neglecting
air resisteance and taking acceleration due to gravity g = 10 m/sz, the value
of R is:

x) A 103m

x) C. 95m

X D. 51m
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(10 - 543)

Horizontal component of velocity

v, = 10cos60° = 5m/s

vertical component of velocity,

v, = 10c0s30° = 5/3m/s

After t = 1 sec

Horizontal component of velocity v,; = 5 m/s

Vertical component of velocity,

vy, = |(5v/3 —10)| m/s = 10 — 5/3

. . v
Centripetal acceleration, a,, = 7

Vi +v) 254100 + 75 — 100+/3
a, 10cosf

= R =

..(9)

So from the given diagram,

10 — 5v/3
tanf = T\/_: 2 — \/g
1
So,cos = ——
4(2 — /3)
Putting the value of cos € in eq. (i),
100(2 — v/3
R = ( 1/—) =2.8m
10 X ———
4(2 — /3)

Hence, (B) is the correct answer.
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18. A plane is inclined at an angle a = 30° with respect to the horizontal. A
particle is projected with a speed u = 2 m/s, from the base of the plane, as
shown in figure. The distance from the base, at which the particle hits the
plane, is close to:

(Take g = 10 m/sQ)

v A. 20 cm
x) B. 180cm
X C. 26 cm

14 cm
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On an inclined plane, time of flight (T') is given by,

T_ 2u sin 6
gcosa

Substituting the values, we get

(2)(2sin15°)  4sin15°
gcos30°  10cos30°

1
Distance, S = (2 cos 15°)T — Egsin 30°(T)?

o 4 sin1b° 1 _ .\ 16sin?15°
:(2(:05]_5 )—— —x 10sin 30 T
1010 cos 30° 2 100 cos? 30°
3—-1
- -sin15 = V3
2v/2
16/3 — 16
= Tz 0.1952 m ~ 20 cm

Hence, (A) is the correct answer.
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19. A shellis fired from a fixed artillery gun with an initial speed u such that it
hits the target on the ground at a distance R from it. If ¢; and ¢2 are the
values of the time taken by it to hit the target in two possible ways, the
product ¢, is:

x) A I
4g
x) B. B
g
x) c. B
2g
) b 2R
g

R will be same for 8 and 90° — 4.
Time of flights,

2usin @
t1 = an
g

f — 2u sin(90°) - 2ucos 6
2 g g

Now, tt, = ( 2u sin 9) < 2u coS 0>
g g

_ 2<u25in20> 2R {”R_ u25in20]
g\ 9 g ' g

Hence, (D) is the correct answer.
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20. The trajectory of the projectile near the surface of the earth is given as
y = 2z — 922, If it was launched at an angle 6, with speed v, then

(9=10m/s")
1
p 4 A. 9)=sin!—andvy= —ms!
V5 5
2
X) B. 6y=cos! —andvy= —ms!
V5 5
¢v) C. 6y=cos! —andv = Ems’1
V5 3
2
X D. ¢)=sin!—andvy= —ms!
V5 5

Given, y = 2z — 922

On comparing with,

gz’

y=ztanf - ———
21)(2J cos? 0
We have,

1
tanf =2 or cosf = —

NG

g

And, ——=
2v(2) cos2 6

Hence, (C) is the correct answer.

[BYJu's
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1

v/1 4 tan? 6

‘s cosf =
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Topic : Relative Motion

1. Abutterfly is flying with a velocity 4/2 m/s in North-East direction. Wind is
slowly blowing at 1 m/s from North to South. The resultant displacement of
the butterfly in 3 seconds is :

x ) A.

3m
X B. 20 m

v) D 15m
N a VBW
1]
We > »E
Vv l \
WG S
In the figure,

_>
V' Bw = Velocity of butterfly in the frame of wind

_>
V we = Velocity of wind in the frame of ground

We know that,

— — —
Vew =V —Vwe

— — —
=>Vpee=Vew+Vyg

. Vee = \/VB2W + VV?/G + 2Vew Vg cos 0

= Vio = 1/ (4v2)? + 1% + 2(4v/2)(1) cos(90° + 45)
= Vpe =5m/s

So, displacement in 3 seconds,
d=Vget=5%x3=15m

Hence, option (D) is the correct answer.
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2. A boy reaches the airport and finds that the escalator is not working. He
walks up the stationary escalator in time ¢;. If he remains stationary on a
moving escalator, then the escalator takes him up in time t,. The time taken
by him to walk up on the moving escalator will be:

x) A _hut

to — 41

x) B. htt
2

v C. tita

to + 1

X) D -4y

Let L be the length of the escalator.

When only boy is walking,

'Ub:E

And when only escalator is moving,

L
v = —
€esc t2

Now let ¢ be the time taken by boy to walk up on the moving escalator.

L L

Up + Vesc B (L/tl) + (L/tesc)

ity

=t=
t + &

Hence, option (C) is correct.
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3. Ship A is sailing towards north-east with velocity vector

W = 304 + 50 km/hr where 7 points east and j north. Ship Bis at a
distance of 80 km east and 150 km north of Ship A and is sailing towards
west at 10 km/hr. A will be at minimum distance from B in,

X) A 292
X B. 4.2 hrs
v C. 2.6 hrs

X) D. 32
Given data is represented in the figure,

AA
! 10km/hr
<—B
[ ]
[ ]
[ ]
1 150km
F 3 Sﬂkmﬂll' []

[ ]
1

A 30km/hr 1

> ' >4

0,00 80km

From figure,
— — — . R R
Vap=V a—V p=(301+505) — (—103)

— . .
= V 4 = 407 + 505 and

7 ap = —80i — 1507
Now, A will be at minimum distance from B in time,

o =
T aB-V 4B

52
|V a8l

t =

(—80% — 150). (407 + 507)
(v/40° + 50%)?

—3200 — 7500
=t=— 2100 = 2.6 hr

=t=—

Hence, (C) is the correct answer.
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4. Two stones are thrown up simultaneously from the edge of a cliff 240 m high
with initial speed 10 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 = 10 m/sz)

(The figures are schematic and not drawn to scale.)

(y2—y;)m
240
x| A.
t~ 8§ 12
(y2=y)m
240
X B.
12 t(s)
(y2—y1)m
240
v C
t
5 12 (s)
(y2=y)m
240
X D.
3 5 t(s)
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Using equation of motion for the first stone,
1 2
—240 = 10t — Egt

= 5t? — 10t — 240

=t -2t—48=0

=t=28,-6

.. The 1st stone will reach the ground in 8 secs.

Upto 8 secs, the relative velocity between the particles is 30 m/sec and the
relative acceleration is zero.

For the 2nd stone,
—240 = 40t — 5t
=12 -8 —-48=0
t = 12 secs

The second stone will strike the ground in 12 secs.

Now, relative position
1 2 1 2
Ay:yl—y2:40t—§gt —10t+§gt = 30t

Ay = 30t

After 8 second stone 1 reaches ground
y1 = —240 m

SDAYy=yr —
1.9
= 40t — gt + 240
.. It will be a parabolic curve after 8 secs.

So, the correct option is (C).
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When a car is at rest, its driver sees raindrops falling on it vertically. When
driving the car with speed v, he sees that raindrops are coming at an angle

Q0

tan 60°

A.

60° from the horizontal. On further increasing the speed of the car to
(1 + B)wv, this angle changes to 45°. The value of S is close to :

tan45° =

(B+1)v

X 0.50
X) B. o4
x) C. o037
v) D. o3
The given situation is shown in the diagram. Here v, be the velocity of rain
drop.
,i"' l“:-:
r,"“ vr -«"" vr
VI? '#" ‘Jl"
)60° )45
-vtﬂJ'= v -Vca.r = {B"‘ 1]V
— vV

When car is moving with speed v,

.. (9)

When car is moving with speed (1 + §)v,

vy

.. (i)

Dividing (2) by (é¢) we get,
V3=(8+1)
= B=+3-1=0.732.

Hence, (D) is the correct answer.
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6. A passenger train of length 60 m travels at a speed of 80 km /hr. Another
freight train of length 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 :
(hthey are moving in the same direction, and
(i) in the opposite directions is:

v) A 11
5
x) B. ®
2
x) C. 3
2
x) D. 25
11
Given:

I, = 60 m = 0.06 km ; V, = 80 km/h
lf=120m =0.12km ; V; =30 km/h

(1) When they are moving in the same direction, the time taken to
completely cross the freight train by the passenger train be

dtotal

t1 =
erelative

~0.0640.12 0.8
80 -30 50

(1)

(¢¢) When they are moving in the opposite direction, the time taken to
completely cross the freight train by the passenger train be

d otal
tg _ lt T
relative
0.18 0.18
= = e (2)
80 + 30 110

Using equations (1) and (2),

t 110 11

ts 50 5

Hence, (A) is the correct answer.
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7. The stream of a river is following with a speed of 2 km/h. A swimmer can
swim at a speed of 4 km/h. What should be the direction of swimmer with
respect to the flow of the river to cross the river straight?

x) A g
x) B. 150°
v) C. 120
x) D. g

The given situation is shown in the figure below

—> V,=2km/h

Vo = 4km/h

\ﬁ-’-‘lcosﬂ
.

4sinf
To cross the river straight,

Viprsind =V,

V. 2 1
* i 0: = e—— —
.81 - 4 5
o.0=30°

Direction of swimmer with respect to flow,

=90° + 60 = 90° + 30° = 120°

Hence, (C) is the correct answer.
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8. Two particles A and 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 :

The relative velocity v—A> — E; att = 21 is given by :
w

X A. w(R1 + Rz)%
X B. —w(R1 + Rz)’z
v C w(Rz — Rl)%

X D' w(R1 — Rz);
Using, 6 = wt we get,

0:(‘}—: z
2w 2

So, both have completed quarter circle

\

e

4

Relative velocity,

V4~ Vp=wR(~) — wRy(—1)

. 7,4 — 73 = w(Rz — Rl)i

Hence, (C) is the correct answer.
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1. A ball is thrown vertically up (taken as +z - axis) from the ground. The correct momentum-

height (p - h) diagram is: (Given p = mv)

A

» h

NIPA

o

» h

N7

<7

» h

» h

N
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Using the v* = u? — 2gh, we get

v = y/u?— 2gh

Now we know that, momentum p = mv

c.p=my/u® — 2gh

it
| L

Therefore, the graph between p and h cannot be a straight line.
(b) and (c) are not possible.

During upward journey as h increases, p decreases and in downward journey as h decreases
p increases.

Therefore (D) is the correct option.
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2. Aliftis 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

x A- g,g
X) B. g-a,9-a

v) C g-ay

X D. a, g
Man in lift is in non-inertial frame. By applying psuedoforce on the ball,we get net acceleration
= g — a W.r.L. lift,
A ma(Psuedo
force)

O
N

e ¥ mg

As earth is assumed to be inertial frame, no pseudo force acts. So FBD is

Jl a]’IEt

mg

Hence ayet = g
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3. When forces Fi, F», F3 are acting on a particle of mass m such that F> and F3 are mutually
perpendicular, then the particle remains stationary. If the force F; is now removed then the

magnitude of acceleration of the particle is

v) A B
m
X B. By Fy
mF1
X C. (F2*F3)
m
x) D. 2
m
Given,

- = —
Fi + F+ F; =0= Fy

!/

Now if F} is removed, let acceleration be 'a’.

- =
Then, Fy + F5 = mE>

_> %

= —F =ma
_>

- Fy
= a=——
m

_>
=5

a| =

m

Hence, (A) is the correct answer.
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4. Aninclined plane making an angle of 30° with the horizontal is placed in a uniform horizontal
electric field 200 N/C as shown in the figure. A body of mass 1 kg and charge 5 mC is allowed
to slide down from rest from a height of 1 m. If the coefficient of friction is 0.2, find the time
taken by the body to reach the bottom.

—_—

E=200 N/C
1kg,5 mC

1 3
g=9.8 m/s2; sin 30° = 5; cos 30° = %
X) A 235
X B. 0.46 s
v) C 135
X) D. 0925
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Net force along the inclined plane.
F =mgsinf — qE cos0 — f
= F =mgsinf — qgE cos0 — uN

= F = mgsin€ — qF cos 0 — p(qE sin 0 + mg cos 0)
1 3 1 3
= F=1x9.8x 5—5><10—3><200>< g—oz (5>< 1072 x 200 x §+1><9.8>< g)

= F~224N
So,a~ F/m~ 2.24m/s’

Further,

= L: %x 2.24 x t2

1/2

=t~ 13s
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5. A particle of mass M orginally at rest is subjected to a force whose direction is constant but

()

where Fy and T are constants. The force acts only for the time interval 2T. The velocity v of

magnitude varies with time according to the relation F = Fj

the particle after time 2T is :

x) A 2RT

M
x) B. T
2M
v) C. 4F,T
3IM
x) D. T
3IM
From the given problem we can infer that
att=0,u=0
t—T\>
also, F=F, |1 — [ ——
T
Fo(t — T)2
o,F=Fy— —————
T2

Therefore, we have

’ Fy Fy(t — T)2 dv
acceleration, a = U wE @

MT? dt
2
v 2T Fy Fo(t - T)

BR1%T R [ T

= v=|—t| - —— T+ T
’ {M L MT?[ 3 L

4F,T
= v=

3M
The particle will have constant velocity, as force will not act after ¢ = 27", which will be equal
to v.

Hence, option (c) is correct.
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6. A particle is projected with velocity v, along z—axis. A damping force is acting on the particle
which is proportional to the square of the distance from the origin,i.e. ma = —az?. The
distance at which the particle stops :

X B. 3mvg 2
(5)

1

v) C. 3mul\ 3
(%)

1

X D. 2m'u3 2
(5)
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For damping force, acceleration of the particle is,

—am2

a =

m

Here, acceleration of the particle is varying with distance.

So that,

Hence, (C) is the correct answer.
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7.

Two forces P and Q, of magnitude 2F and 3F respectively are at an angle 6 with each other.

[BJBYJU'S

If the force @ is doubled, then their resultant also gets doubled. Then the angle 6 is

v

X

X

X

A.

B.

C.

D.

120°

60°

90°

30°

Using Parallelogram law,

R? = P2+ Q?+2PQcosf
AF? + 9F2 + 12F2cosf = R?
13F?% + 12F? cos§ = R?

When force Q@ is doubled,
AF? + 36F2 4+ 24F2 cos ) = 4R?
AF? + 36F? 4 24F? cos§ = 4(13F?% + 12F? cos §) = 52F? + 48 F2 cos

. cosf = —

=0 =120°

12F? 1

24F2 2

The Learning App

Copyright © Think and Learn Pvt. Ltd.

Newton law of Motion



[@BYJUS

The Learning App

8. A small ball, of mass m, is thrown upward with a velocity u, from the ground. The ball
experiences a resistive force mkv? where v is its speed. The maximum height attained by the

ball is :
2
an~! (ki)
g

(+5)

x) A

X
(@]
s
NS

<

O
g~ =

[=}
N

[

+

&

Z
N——

S e

From free body diagram, the net force acting on the ball,
= Fet = —mkv? — mg

So, acceleration

Fnet .

=q= ——[kv2+g]

m

N dv_ [k'2+] L dv
U'dh_ v* + g .a—vdh

Integrating both sides,
O v.dv h
= / = / dh
v kv2+4g 0
= Ikt tg’ =h
2k I =

1 ku? +
= —1In L9 = h.
2k g

Hence, (D) is the correct answer.
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9. 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 45° at the roof point. If the
suspended mass is at equilibrium, the magnitude of the force applied is (g = 10 ms~2)

X

X

X

v

A.

B.

C.

D.

200 N

140 N

70N

100 N

Freebody diagram of the problem is draw as

100N

At equilibrium,

., mg 100
tan45’ = —= —
an 2 P

S F=100N

Hence, (D) is the correct answer.
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10. A particle of mass m is moving in a straight line. Starting at time ¢ = 0, a force F' = kt acts in
the same direction on the moving particle during time interval T" so that its momentum
changes from p to 3p. Here k is a constant. The value of T'is :

x) A

<
w
IS

x) c. [?k
P

x) D. 2P
V %

From Newton's second law

d
PP
dt

Integrating both sides we get,

3p T
/ @:/ kt dt
p 0

:>T:2\/E
k

Hence, (B) is the correct answer.
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11. A steel block of mass 10 kg rests on a horizontal floor as shown in the figure (a). When three
iron cylinders are placed on it as shown in the figure (b), the block and cylinders go down with
an acceleration 0.2 m/s2. The normal reaction R exerted by the floor, if masses of the iron
cylinders are 20 kg each, is -

x) A 716N
v) B. 686N

x) C. 714N

x) D. 684N
3 |
1 2
J77777777LJ7777V/—77'L
a=0.2m/s?

(a) (b)
Assuming all four blocks are as a system.

Writing the force equation on the system in vertical direction,
Mg— R = Ma

= (10 4+ (3 x 20))10 — R = (10 + (3 x 20)) x 0.2

= R=170(10—0.2) = 686 N

Hence, option (B) is the correct answer.
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12. Aforce F = (402 + 107) N acts on a body of mass 5 kg. If the body starts from rest, its

position vector 7 at time ¢t = 10 s, will be :
X) A (1007 + 4007) m
X) B. (100 +100j) m
v) C. (4007 +100j) m

X) D. (4007 + 4007) m

Given that,

— . R

F =(40: +105) N
m = 5 kg

As we know that,
— Q_ a7
Codt e

= (8% +27) ms ™2

_>
L
T om
Doing double integrating both side w.r.t. t from ¢t = 0 to ¢ = ¢ and we get

%
dr —
v

= —= — (8ti + 2tj) ms!
5 ( 7)

A
=7 = (8 +2j)5m

Attt =10s
7 = (81 +25)50m

= 7 = (4007 + 100) m

Hence, option (C) is correct.
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X

X

C.

D.

60 kg s
6.0 x 102 kgs™*
500 kg s !

10kgs™*

dm

SO! F, thurst — ~ Vrel

dt

The net force acting on the rocket is given by,

Fthurst —mg = ma

i.e m

.. —Upel — Mg = Ma
a 1 g

dm

EX 500 — 1000 x 10 = 1000 x 20

d
Therefore, d—?: 60 kg s !

Hence, option (A) is correct.
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13. The initial mass of a rocket is 1000 kg. Calculate at what rate the fuel should be burnt so that
the rocket is given an acceleration of 20 ms~2. the gases come out at a relative speed of
500 ms~! with respect to the rocket : [use g = 10 ms~?]

From the question it is clear that we have to calculate the rate of change of mass with respect
to time. The rocket thrust is equal to the burnt mass times relative velocity of the rocket.
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14. The boxes of masses 2 kg and 8 kg are connected by a massless string passing over smooth
pulleys. Calculate the time taken by box of mass 8 kg to strike the ground starting from rest.
(Use g = 10 m/s°) :

©

% 8kg

R
20¢cm ////Zkg

4
L0777/ 77777777777

X A. 0.2s
X) B. 0345
x) C. o255
v) D. 045
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Let tension in the string attached to 2 kg mass be T,
Tension in the string attached to 8 kg mass is 2T

Using constraing equations,
If acceleration of 8 kg mass is a, then acceleration of 2 kg mass is 2a

Free body diagram of masses can be drawn as,

2T 1

A

i

J[ske| [2ke|T

1

m g m.g

From Newtons second law,
8g— 2T =8a... (i)
T—2g=4a...(i1)

on substitution, we get,

8g —2(29 + 4a) = 8a

4g = 16a

a=2.5ms 2

1
Now, from S = ut + 5at2
1 2
0.2 = {(25)t

—¢?
25

2
t=—=04s
5

Hence, option (D) is correct.
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15. Statement I:
- = — _ _ - = —
If three forces F;, F, and F3 are represented by three sides of a triangle and F; + F, = —F3,
then these forces are concurrent forces and satisfy the condition for equilibrim.

Statement II :

— — —
A triangle made up of three forces Fi, F> and Fj as its sides taken in the same order, satisfy
the condition for translatory equilibrium.

In the light of the above statements, choose the most appropriate answer from options given
below.

v ) A. Both Statement I and Statement II are true.
X ) B. Both Statement I and Statement II are false
X C. Statement I is true but Statement II is false.
X ) D. gtatement Iis false but Statement II is true

- = — _ _
Let three forces F}, F, and Fj are represented by three sides of a triangle

Statement I

. . — —
Given that F} + F, = —F3

- = —
Fi+F+F3=0

ie Net force is zero, hence these concurrent forces, satisfy condition of equilibrium.
Statement II

Forces are taken in same order as shown below.

Fy
Using triangle law of vectors we get

e
Fi+F+F;=0
Hence these forces satisfy condition of translatory equilibrium.

Hence, both Statement I and Statement II are true.

Therefore, option (A) is correct.
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16. A ball is thrown upward with an initial velocity V4 from the surface of the earth. The motion of
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the ball is affected by a drag force equal to myv? (where m is mass of the ball, v is its
instantaneous velocity and « is a constant). Time is taken by the ball to rise to its zenith is:

v) A Ltan_1 <\/1V0)
V79 g

X B. ésin71 (\/l%)
V9 9

x) € <1 + \/1%)
V9 g

1 2
X D- —tanfl ( l%)
V279 g

Net upward force acting on the ball,
Fpet = —mg — myv?
So, the net acceleration

dv Fnet
—a=

—_— e — 2
= — (g+ )

Let time ¢ required to rise to its zenith, where v = 0, so,
0 t
—d
fogr
v, 9+ Jo
Using the integration formula we get,
1 NaL "
— | ——tan! =t
v\ v/l

1 ( ﬁ%)
=t = ——an —
Nal V9

Hence, (A) is the correct solution
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— 5 A
7. A body of mass 5 kg under the action of constant force F = F, ¢ + F,j has velocity at

t=0secas v = (67 — 25) m/s and at t = 10 sec as v = +6 7 m/s. The force P—’> is
v) A (—3j+4j)N
x) B. (_E; + 33) N
X) C (3i-4)N

. 4.
x) D. (_EZ — _j> N
From question,
Mass of body, m = 5 kg
Velocity att =0is v =67 —2j m/s
Velocity att = 10 s is v = +6 j m/s

vV—u

Acceleration, a =

65 — (61 —235) —31+4)
= = m/s

10 5

Now, using, Newton's second law,
F =ma

—31 +4j .

Hence, (A) is the correct answer.
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18. A particle of mass m is at rest at the origin at time ¢ = 0. It is subjected to a force
F(t) = Foe % in the x direction. Its speed v(t) is depicted by which of the following curves?

x) A
v B
x) C.
x) D.
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Given that,

F(t) = Fpe

Using newton's second law of motion,

Rearranging and integrating the above equation,

v F t
/dv:—o/ et
0 mJo

_ o eibtt_ i) bt _ 0
:H)_E[—_bh_%[_(e —e )]

F
=>v= —0[1 — e ]
mb

Att =0,
F, F,
v="21-—e®0 =211 _1]=0
mb mb
At, t = o0
F, F F,
v= "l — et = —21 — (] = —
mb mb mb

On plotting the given data we get,

L
mb

V(T)T
f ——

Hence, (B) is the correct answer.
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19. Two fixed frictionless inclined plane making an angle 30° and 60° with the vertical as 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?

A

&

60° 30°

X ) A. 49ms2in horizontal direction
X ) B. 9.8ms2in vertical direction
X) C. Zero

v ) D. 49 ms2in vertical direction

gsin® 30°

From FBD of mass A and B, we get
7[1 = gsin60° cos 60°%7 — gsin® 60°]

E) o \/_ %_ 3 -
4= g9
73 = ¢sin 30° cos 30°7 — gsin® 30°)
— \/_ 4 1.
A
The relative acceleration of block A with respect to B.
— — — =9

apg/B— GA— QB = J

2
= 7A/B = 4.9 ms~2 in vertical direction
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20. A ball of mass 2.0 kg is thrown vertically upwards by applying a force by hand. If the hand
moves 0.2 m while applying the force and the ball goes up to 2 m height further, find the
magnitude of the force. (Consider g = 10 m/sz)

x) A 4N
X) B. 16N
x) C. 9N
v) D. 2N

For the motion of ball, just after the throwing
v=0,s=2m,a=—g= —10m/s_2

Using equation of motion for upward journey,
v —u? = 2as

= —u? = 2(-10) x 2

= u? =40

When the ball is in the hands of the thrower

u=0,v=+/40ms !, s=02m

=40 — 0 = 2(a)0.2

= a =100 m/s’

From Newton's second law of motion,
F=ma=0.2x100=20N

= N-—-mg=20

= N=204+2=22N

Alternate Solution:

Using work-energy theorem,

Whand — Wravity = AK

= F(0.2) + (0.2)(10)(2.2) =0 => F =22 N

Hence, (D) is the correct answer.
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21.

Two blocks of mass M; = 20 kg and 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:

T480N

M

1

x) A JuN
X B. 96 N
x) C. 940N

v) D. 192N
Acceleration produced in upward direction,

F
a =
M7 + M5 + Mass of metal rod
480
=12 ms 2

T 20+12+8

Tension at the midpoint,

T <M2 N Masszofrod> .

= (12+4)x12=192N

Hence, (D) is the correct answer.

Alternate solution:

FBD of system:

BYJU'S
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T4-80 ™

20

12 kg

A480 N

40 kg

Y400N

Using equilibrium condition,
= 480 - 400 =40 a

= a=2m/s

Now at midpoint,

T4BO

20

4kg

T
Fhet =480 —24g—-T =24 a

=480 — 240 - T =48
ST =240 -48 =192 N

Hence, (D) is the correct answer.

Copyright © Think and Learn Pvt. Ltd. Newton law of Motion



[BJBYJU'S

The Learning App

22. A spring is compressed between two blocks of masses m; and my placed on a horizontal
frictionless surface as shown in the figure. When the blocks are released, they have initial
velocity of v; and vz as shown. The blocks travel distances z; and x2 respectively before
coming to rest.

The ratio (ﬂ> is
()

m m,

— T —

V] — —

Y/ /zzzzzz/zzZz4

v) A ™
mi
x) B. ™
ms2
x) C. m2
my
x) D. m
my

Initial momentum of the system is zero, i.e.

P,=0

Given, the velocity acquire by masses m; and mg just after they are released be v; and v,.
Final momentum of the system,

Py = movy — mivr

Using conservation of momentum,

P, = Py

s 0= movy — miv

N 0 de
MmaoZy — Ty = VU= —
dt

T M2

T2 B my

Hence, (A) is the correct answer.
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23. Alight string passing over a smooth light pulley connects two blocks of masses m; and m

(vertically). If the acceleration of the system is % then the ratio of the masses is

Xx) A g.q
v B. 9:7
x) C 4.3
x) D. 5.3

Considering m; > my, drawing the FBD of the situation,

T T

ml
L m, la
m,g

mg

For mass m; :

al

mig—T =mia ....(7)
For mass m. :

T —mag =maea .... (i)
Adding the equations we get

(m1 —ma)g

mq +m2
g
Here, a = =
8
moy
1_ mo
8 ﬂ—i— 1
ma

SN R R

mgy my
mi 9
ma 7

Hence, (B) is the correct answer.
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