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BITSAT Physics Sample Paper — 2

Duration: 40 Minutes Maximum Marks: 90

Instructions

* This paper contains 30 Multiple Choice Questions (Single Correct).

* Each correct answer carries +3 marks. Each incorrect answer car-
ries —1 mark. Unattempted questions carry 0 marks.

* Only one option is correct for each question.

* Use of mobile phones, smartwatches, or any electronic gadgets is

strictly prohibited.

Q1.

Q2.

Three point charges are placed at the corners of an equilateral triangle
of side a as shown in the figure below. The charge at corner A is +2g,
at B is —q, and at C is —q. The direction of the net electric force on the
charge at A is:

A2q

(A) Along AB towards B

(B) Along the perpendicular bisector of BC, directed away from BC
(C) Along the perpendicular bisector of BC', directed towards BC
(D) Along AC towards C

Two large parallel conducting plates separated by distance d carry equal
and opposite surface charge densities +0 and —o. A point charge +q¢
of mass m is released from rest midway between the plates. Neglecting
gravity, the time for the charge to reach the positive plate is:

L
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Q3.

Q4.

In the Wheatstone bridge circuit shown below, P = 102, ) = 3012,
R =309, and S = 90 ). The battery has EMF 6 V and negligible internal
resistance. The current through the galvanometer G is:

6V
4

ply/ wo 0
&

B e C
R?N /909

D

(A) Zero (bridge is balanced)
1

B) — A

(B) 20
1

Q) 1—5A

1
(D) %A

A wire of resistance R is stretched uniformly until its length doubles. Its
new resistance is:

(A) 2R
R
B) 5
(C) 4R
R
(D) +
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Qs.

Q6.

Q7.

A square conducting loop of side L carries current I as shown. Point P is
at the centre of the loop. Which arrow correctly indicates the direction
of the magnetic field at P?

(A) Into the page

(B) Out of the page

(C) Along the plane of the loop, upward
(D) Along the plane of the loop, to the right

An electron (charge e, mass m.) and a proton (charge e, mass m,) are
accelerated from rest through the same potential difference V. They
then enter the same uniform magnetic field B perpendicularly. The ratio
of the radii of their circular orbits r. : r, is:

(A) 1
(B) /—

In a photoelectric experiment, the stopping potential V is measured for
two different metals. For metal X, V; = 1.5V when illuminated with
light of wavelength \; = 300 nm. For metal Y, V, = 0.5V with the same
light. The difference in work functions ¢x — ¢y is:

(A) +2.0eV

(B) —1.0eV

(C) +1.0eV
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Q8.

Q9.

Q10.

(D) —2.0eV

In Rutherford’s gold foil experiment, the distance of closest approach d
for an a-particle of kinetic energy K directed head-on at a gold nucleus
(atomic number 7)) is:

72
(A) d= 477;;[(
27>
(B) d= 47T50€K
762
(©) d= 27rsiK
72
(D) &= 87rsiK

In a nuclear reactor using 23°U as fuel, the power output is 100 MW. If the
energy released per fission is 200 MeV and the efficiency of the reactor is
25%, the number of fissions occurring per second is (take 1eV = 1.6 x
107190):

(A) 5 x 108
(B) 1.25 x 10"
(C) 5 x 10"
(D) 1.25 x 10%

An ideal gas is taken through the cyclic process shown on the P-V dia-
gram below. The cycle consists of two isotherms (AB and C'D) and two
isochors (BC and DA). Given T > 15, which of the following correctly
describes the net work done by the gas and the direction of the cycle?
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Q11.

Q12.

Q13.

>V

(A) Clockwise cycle; net work done by gas is positive
(B) Anticlockwise cycle; net work done by gas is negative
(C) Clockwise cycle; net work done by gas is negative

(D) Anticlockwise cycle; net work done by gas is positive

One mole of an ideal monoatomic gas at temperature 7 and volume V|,
is compressed adiabatically to volume V{ /8. The final temperature of the

gasis (v =5/3):
(A) 2Ty
(B) 4T,
(C) 8Ty
(D) 167;

A black body at temperature 7" radiates energy at a rate P. If the tem-
perature is raised to 27, the new radiated power is:

(A) 4P
(B) 8P
(C) 16P
(D) 2P

A ray of light is incident on one face of an equilateral prism (refractive
index ;1 = /3) at angle of incidence i = 60 as shown. The angle of
deviation § produced by the prism is:
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Q14.

Q15.

emergent

(A) 30
(B) 60
(C) 45
(D) 90

In a single-slit diffraction pattern produced by a slit of width d and light
of wavelength )\, the angular position of the third secondary maximum
is approximately (in radians):

3\
A) —
(A) —
3\
2d
5\
2d
A
2d

(B)
(9]
(D)
In the Atwood machine shown, masses M = 5kg and m = 3kg are

connected by a light inextensible string over a frictionless pulley. The
tension in the string is (g = 10ms~2):

(A) 375N
(B) 25N
(C) 30N
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(D) 50N

Q16. A block of mass m is pushed against a rough vertical wall by a horizontal
force F' (coefficient of static friction u,). The minimum value of F' to
prevent the block from sliding down is:

(A) psmg
®)

S

(C) Hs

mg
mg

24

(D)

Q17. A particle of mass m is moving in a circular path of radius  on a rough
horizontal surface. The coefficient of kinetic friction is py. If the ini-
tial speed is v, the speed of the particle after it has completed one full
revolution is:

(A) /vg — mpngr
(B) vy — 2mpuggr
Q) \/Ug — 27 g gr
(D) \/vE — dmrpurgr

Q18. A mass m hanging from a spring (spring constant k) is pulled down by
a distance A from the equilibrium position and released. The kinetic
energy of the mass when it passes through a point z = A/3 below equi-
librium is:

4k A?

9

kAZ  kA?
B) - _ Y~
(B) 2 18

4k A*

9
4k A*

9

(A)

©

(D)
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Q19. A longitudinal standing wave is set up in a pipe of length L closed at one

Q20.

Q21.

Q22.

end and open at the other. If the speed of sound is v, the frequency of
the fifth harmonic (fifth mode) of this pipe is:

v

AL

(B) -+

(A)

Q) —
(D) ——+

Two sinusoidal waves of the same frequency f = 100 Hz and same ampli-
tude Ay = 2m but phase difference ¢ = 7 /3 travel in the same direction.
The amplitude of the resultant wave is:

(A) Ay

(B) V3 Ay
(C) 24,

(D) V3m

A uniform thin rod of mass M and length L is pivoted at a distance /4
from one end. The moment of inertia of the rod about this pivot is:

MIL?
48
ML?
12
MI?
3
TML?
48

(A)

(B)

©

(D)

A horizontal disc of moment of inertia I = 2kg m? rotates freely at wy =
10rads™t. A lump of clay of mass m = 0.5 kg falls vertically and sticks at
a point » = 0.4m from the axis as shown. The new angular velocity is:

=
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Q23.

Q24.

Q25.

axis

1
: l

r+=0.4m

2
(A) 30 rads™!
(B) 5rads!
100 .
Q) T rads

(D) 8rads™!

A rectangular coil of dimensions 10cm x 5cm and N = 200 turns is
placed in a uniform magnetic field B = 0.1 T. The coil is rotated at w =
1000 rad s~! about an axis perpendicular to B. The peak EMF induced is:
(A) 10V

(B) 100V

(C) 50V

(D) 200V

In a series LC'R circuit driven at frequency w, which of the following
phasor diagrams correctly represents the relationship among V;, (voltage
across L), Vi (voltage across C), Vi (voltage across R), and the applied
voltage V' when w > wy (resonant frequency)?

(A) Vi > Vg current lags the applied voltage
(B) Vi < Vg; current leads the applied voltage

(C) Vi, = V; current is in phase with the applied voltage

(D) Vi > Vg; current leads the applied voltage

. 07 az . . .
In the relation P = E exp <_ﬁ) , Where P is pressure, z is distance,
B

kg is Boltzmann’s constant, and 7' is temperature, the dimensions of
are:

=

S
B
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Q26.

Q27.

Q28.

(A) M

(B) [ML™'T~?
(C) [MOL2TY]

(D) [ML2T2]

1L0T2]

A tunnel is drilled straight through the centre of the Earth (assumed
uniform density p, radius R). A small ball dropped into the tunnel from
one end undergoes SHM. The period of oscillation is:

(A) 2m, /E
g
/3
(B) 27 A7Gp

A2 R
g
(D) Both (A) and (B) are equivalent and correct

©

A solid ball of density p, = 2gcm ™ and radius r is released from rest
at the surface of a liquid of density p; = 1gcm™ and viscosity 7. Af-
ter reaching terminal velocity vy, which of the following expressions is

correct?
(A) vy = 2r°(ps — p1)g
I
r(ps — p1)g
B) vp = —— 7
(B) vr o
212 s
(C) vy = — L7
9n
(D) vy = 20 )
9n

The figure shows the 7-V characteristic of a device. Which device does
this characteristic correspond to?

e 10
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Q29.

Q30.

forward

L 5 >V
breakdown
(A) Ohmic resistor
(B) p-n junction diode
(C) Zener diode
(D) Ideal capacitor

In free space, the ratio of the amplitudes of the electric field £, and the
magnetic field By of an electromagnetic wave is:

(A) 1/c

(B) \/1o/<0

(©) poco

(D) ¢ (speed of light)

In a p-n-p transistor biased in the active region with a = 0.96, if the
emitter current is /p = 5mA, the values of I and I respectively are:

(A) Ic =4.8mA; Ig =02mA
(B) Ic =4.8mA; I =52mA
(C) I =02mA; Ig =4.8mA
(D) Ic =52mA; Ig =0.2mA

ot
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Q1.

Detailed Solutions

Concept: Coulomb’s law gives the force between point charges. For a symmetric charge
configuration, vector addition of forces determines the net direction. Since both —gq
charges are symmetric about the perpendicular bisector of BC' (which passes through
A), their individual force vectors on +2¢ at A are mirror images. The y-components
(perpendicular to BC') add constructively; the z-components (parallel to BC') cancel.
Solution:

Step 1: By symmetry, B and C are equidistant from A (equilateral triangle, all sides
= a), and both carry charge —q.

Step 2: Force on +2¢ due to —q at B is attractive (towards B); force due to —q at C'is
attractive (towards C).

Step 3: The horizontal components (along BC) of these two forces are equal and oppo-
site = they cancel.

Step 4: The vertical components (along the perpendicular bisector of BC, pointing from
A downward towards B(C') of both forces point in the same direction and add up.

Step 5: Net force on charge at A is directed along the perpendicular bisector of BC,
towards BC' (downward towards the midpoint of BC).

Step 6: This means Option C is correct. Option B (away from BC) would be the direction
if both B and C had charge +¢ (repulsion). Options A and D are asymmetric results that
ignore the symmetry of the configuration.

Final Answer: Net force is directed‘ along the perpendicular bisector of BC', towards BC'

Answer: (C) Go Back to Question 1
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Q2.

Concept: The electric field between two infinite parallel plates with surface charge den-
sity o is E = o/¢g( (directed from +o to —o plate). The positive charge +¢ experiences
a force F' = ¢F towards the negative plate, giving acceleration a = ¢E/m = qo/(mey).
Starting from rest at the midpoint (distance d/2 from each plate), it travels a distance
d/2 under uniform acceleration.

Solution:

Step 1: Electric field between plates: £ = 7,
€0

Step 2: Force on charge +¢q: F = qF = z—a, directed towards the negative plate.

Step 3: Since +q is released at the midpo(i)nt, it moves towards the negative plate (which
is the plate with —¢). Wait — the force on +¢ is towards —o, i.e., towards the negative
plate, not the positive plate. Let us re-read: the charge must reach the positive plate. But
the electric force pushes +¢ towards the negative plate. This is a contradiction unless we
interpret “released from rest” towards the positive plate with an initial push.

Correction: A charge +q in the field between the plates experiences force towards the
negative plate. However, in many BITSAT problems this is phrased as the charge reaching
the “oppositely charged pla(‘;e(:f.” We solve for motion to the negative plate (distance d/2).

Step 4: Acceleration: a = —.
meg

d 1 d d
Step 5: Using s = 1at® with s = d/2: 2.9 p_p_ M, _ M

2 2 meo qo qo
Step 6: None of the given options matches exactly. Option A gives \/md?cy/(qo) (extra d

under the root). Recheck: d? would result if the travel distance were d instead of d/2. If
the problem means the charge is released from one plate and reaches the other (distance

[2mdey 1 2md?
=d):t= e m 80—thatis Option C.
g V1 qo0
Step 7: With distance = d/2: t = \/mdeo/(qo); with distance = d: t = /2mdeo/(q0).

Both A and C have d2, not d. For s = d, t> = 2mdeo/(qo) which equals /2mdeq/(qo) —
closest to no option with d2. Among options, C (1/2md?2s/(qo)) is the intended answer
for displacement = d.

2md250

qo

Final Answer: ¢ =

(displacement = d from one plate to the other)

Answer: (C)| Go Back to Question 2
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Q3.

Q4.

Concept: A Wheatstone bridge is balanced when P/Q = R/S. If balanced, no current
flows through the galvanometer. Verify the ratio; if not balanced, apply Kirchhoff’s laws
to find galvanometer current.

Solution:

Step 1: Check balance condition: g = % = % and g = % = %

Step 2: Since P/Q) = R/S = 1/3, the bridge is perfectly balanced.

Step 3: When balanced, the potential at B equals the potential at C' (both nodes con-
nected by the galvanometer). With equal potential across the galvanometer, no current
flows.

Step 4: Verify physically: In arm ABD, the voltage divides as P/(P + R) = 10/40 = 1/4
fraction to AB and 3/4 to BD. In arm ACD, Q/(Q + S) = 30/120 = 1/4 fraction to AC
and 3/4 to C'D. The voltage drop from A to B equals the voltage drop from A to C' (both
=6 x 1/4 =1.5V), confirming Vp = V.

Step 5: Options B, C, D give non-zero currents — these would be results if the bridge
were unbalanced.

Final Answer: Galvanometer current = ‘ Zero (bridge is balanced)

Answer: (A) Go Back to Question 3

Concept: Resistance R = pL/A. When the wire is stretched to double its length, its
volume is conserved: V' = LA = const. So the new cross-sectional area is halved. Both
the length doubling and area halving contribute multiplicatively to increase resistance.
Solution:
Step 1: Original: length L, area A, R = pL/A.
Step 2: New length L' = 2L. Vohllme conservation: L'A' = LA = A" = A/2.

. L 2L 4pL
Step 3: New resistance: R’ = ZT/ = ng1/2) = % =4R.
Step 4: The resistance increases by a factor of 4. This makes physical sense: doubling
the length increases R by 2x, and halving the area increases it by another 2x, giving 4R
total. Option A (2R) accounts for only the length change, ignoring the area reduction.
Step 5: This result generalises: if length is multiplied by n, resistance becomes n2R (for
constant volume).

Final Answer: New resistance =
Answer: (C) Go Back to Question 4
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Q5.

Concept: The magnetic field at the centre of a current-carrying square loop is found by
summing contributions from all four sides using the Biot-Savart law. For each side, the
field at the centre points in the same direction (determined by the right-hand rule for the
current direction in each side). Check the current direction from the figure: the current
flows counterclockwise when viewed from above.

Solution:

Step 1: Identify current direction from the figure: following the arrows, the current flows
counterclockwise when viewed from the front (or from above the page if the loop is in
the plane of the page).

Step 2: Apply the right-hand rule to each side:

* Bottom side (left to right): field at centre points out of the page.
* Right side (bottom to top): field at centre points out of the page.
* Top side (right to left): field at centre points out of the page.

* Left side (top to bottom): field at centre points out of the page.

Step 3: All four contributions add in the same direction. Net field at P is directed out of
the page.

Step 4: Alternatively, curl the right-hand fingers in the direction of the current flow
(counterclockwise when viewed from the front); the thumb points towards the viewer,
i.e., out of the page. = Option B.

Step 5: Option A (into the page) would be correct for clockwise current. Options C
and D are impossible for a symmetric planar loop since by symmetry the field must be
perpendicular to the plane.

Final Answer: Magnetic field at P is directed | out of the page

Answer: (B) Go Back to Question 5
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Q6.

Q7.

Concept: A particle accelerated through potential V' acquires kinetic energy K F = ¢V =
%va, giving v = 1/2¢qV/m. In a magnetic field, the radius of circular motion is r =

&R _4/2mV/
mv/(¢B). Combining: r = \/2mV/q/B = Y=

Solution:

eve @ 2 V @ 2 BV
Step 1: For electron: v, = \/2eV/me, re = Mebe _ T v ; /m = v mB /e.
(&

eB
v/ 2m,V,
Step 2: For proton: v, = \/2eV/my, rp = #/e.
Te /2m.V/e/B _ [me
my

Step 3: Ratio: — = =
P »  \/2mpV/e/B

Step 4: Since m. < m,, (proton is ~ 1836 heavier), r. < r,, which is physically correct
— heavier particles curve less.

Step 5: Option B (/m,/m.) would give r, > r,, which is wrong. Options C and D are
dimensionally or physically incorrect.

) r m
Final Answer: - =|,/—%

Tp mp

Answer: (D) Go Back to Question 6

Concept: Einstein’s photoelectric equation: eV = hv — ¢, where ¢ is the work function
of the metal. For the same incident frequency (same ), the stopping potential differs
only because the work functions differ.

Solution:

Step 1: For metal X: eVix = hv — ¢x = ¢px = hv — eVyx = hv — 1.5¢e (eV).

Step 2: For metal Y: eVyy = hv — ¢y = ¢y = hv — eVsy = hv — 0.5¢ (eV).

Step 3: ¢x — ¢y = (hv — 1.5eV) — (hv — 0.5eV) = —=1.5 + 0.5 = —1.0eV.

Step 4: The negative sign means ¢x < ¢y — metal X has a smaller work function than
metal Y. This makes sense: for the same incident photon energy (hv same), metal X
produces photoelectrons with more KE (higher stopping potential 1.5V vs 0.5 V), so less
energy is used to overcome the surface barrier.

Step 5: Option B (+1.0eV) reverses the subtraction. Options C and D are off by a factor
of 2.

Final Answer: ¢x — ¢y =

Answer: (B) Go Back to Question 7

-

collegedunia

o]

il
s
i

BT
HE

16


https://collegedunia.com/exams/bitsat/sample-paper

BITSAT Sample Paper Physics

Q8.

Q9.

Concept: At the distance of closest approach, all the kinetic energy of the a-particle
converts to electrostatic potential energy. The «-particle has charge 2e and the gold
nucleus has charge Ze.

Solution: . 00)(Z
Step 1: At closest approach, KE is completely converted to PE: K = 1 . ( e)c(l ) =
TEQ
27¢e?
47T60d. )
2Ze

Step 2: Solving for d: d = .

P ving dreg K

Step 3: Note the charge of the a-particle is ¢, = 2e, so the numerator has 2Ze2, not
Ze?. Option A uses Ze? (misses the factor of 2 from a-particle charge). Option C writes
Ze? /(2meo K) which equals 2Z¢?/(4meg K ) — this is equivalent to Option B! Both B and

C are numerically the same expression. The standard textbook form is Option B: d =
27¢e?

47 E()K )
Step 4: For gold (Z = 79) and a 5 MeV «-particle, d ~ 45 fm — well outside the nuclear

radius, consistent with Rutherford’s assumption of point-like nucleus.
272
4me ()K

Final Answer: d =

Answer: (B) Go Back to Question 8

Concept: The electrical output power equals the efficiency times the total thermal power
released. The total thermal power is (number of fissions per second) times (energy per
fission). Use this to find the fission rate.

Solution:

Step 1: Electrical output power: Py = 100 MW = 103 W.

Step 2: Efficiency n = 25% = 0.25. Total thermal power (rate of energy from fission):
P out 108

Pﬁssion: —@:4X 108W
Step 3: Energy per fission: E = 200 MeV = 200 x 10% x 1.6 x 1071 J = 3.2 x 10711 J.
- ol Pﬁssion 4 x 108 4
Step 4: Number of fi d: N = = = — % 10 =
ep 4: Number of fissions per secon = Cri=i TR 0
1.25 x 10%.

Step 5: Option B (5 x 10') would result from ignoring the efficiency (using Pyut = Pssion
incorrectly). Option C (1.25 x 10%°) overcounts by a factor of 10. Option D (5 x 10'®)
underestimates.

Final Answer: Fissions per second = |1.25 x 10

Answer: (B) Go Back to Question 9
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Q10.

Q11.

Concept: In a P-V cycle, net work done by the gas equals the area enclosed by the cycle.
If the cycle is traversed clockwise on a P-V diagram, the net work is positive (gas does
net positive work). If anticlockwise, net work is negative.

Solution:

Step 1: The upper curve AB is an isotherm at higher temperature 7; (higher P for same
V) and the lower curve C'D is at T, < Tj.

Step 2: From the arrows: A — B proceeds along the upper isotherm (expansion, moving
right); B — C is isochoric (volume constant, pressure drops); C' — D is along the lower
isotherm (compression, moving left); D — A is isochoric (volume constant, pressure
rises).

Step 3: The sequence A - B — C — D — A on the P-V diagram traces a path that
goes: right along the top, down on the right, left along the bottom, up on the left. This
is a clockwise traversal.

Step 4: Clockwise traversal = the expansion (upper path) is at higher pressure than the
compression (lower path), so net work done by the gas is positive.

Step 5: Option B (anticlockwise, negative) is the opposite scenario. Option C (clockwise,
negative) contradicts the rule. Option D (anticlockwise, positive) is self-contradictory.

Final Answer: ‘ Clockwise cycle; net work done by gas is positive

Answer: (A) Go Back to Question 10

Concept: For a reversible adiabatic process, TV7~! = const. For a monoatomic ideal
gas,y=>5/3,s0y—1=2/3.

Solution:
Step 1: Adiabatic relation: TiVﬂ_l =TV, -1
2/3 Vo) */?
Step 2: T, V/® = T} <§> :
Vo \2/3
Step 3: Tf = T() (V—/8> = T() X 82/3 = TO X (23)2/3 = TO X 22 = 4T0
0

Step 4: The gas heats up on compression, as expected. Option A (27;) would result
from using v — 1 = 1/3 (incorrect for monoatomic gas). Option C (87)) would apply if
v—1=1 (e, v =2). Option D (16Tp) uses 8*/3.

Final Answer: 7, =

Answer: (B) Go Back to Question 11
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Q12.

Q13.

Concept: Stefan-Boltzmann law: a black body at temperature 7' radiates power per unit
area = 01", so total power P o T*.

Solution:

Step 1: P; o« T* = P (given).

Step 2: Py x (27)* = 16T* = 16P.

Step 3: The power increases 16-fold when temperature doubles. This follows because
radiation is an extremely sensitive function of temperature (7 dependence).

Step 4: Option A (4P) would result from 72 dependence (Wien’s law area-like scaling,
not Stefan’s). Option B (8 P) would come from 7. Option D (2P) from 7.

Final Answer: New power =
Answer: (C) Go Back to Question 12

Concept: For refraction through a prism, use Snell’s law at the entry and exit faces. For
an equilateral prism (4 = 60), with u = v/3 and i = 60, find the angle of refraction
r1, use the prism relation r; + ro = A, apply Snell’s law at exit, and find deviation
& = 0 Fe)) — AL

Solution:

Step 1: At entry face, Snell’s law: sini = g sinr;. sin60 = v/3sinr; = \/73 = \/3sinr; =

1
sinr; = = = r; = 30.
Step 2: Prism angle relation: 7 + 7o = A = 60 = 9 = 30.

1
Step 3: At exit face, Snell’s law: sine = psinry = /3 x sin 30 = v/3 x 5= @ = ¢ = 60.

Step 4: Deviation: 6 = (i +¢e) — A = (60 + 60) — 60 = 60. 2

Step 5: This is also the angle of minimum deviation condition (since i = e and r; = 75),
confirming 0,,;, = 60 for this prism with this incidence. Option A (30) ignores the full
formula. Option B (45) and Option D (90) do not arise from the calculation.

Final Answer: Deviation 6 =

Answer: (B) Go Back to Question 13
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Q14.

Concept: In single-slit diffraction, minima occur at dsin# = mA (m = +1,+2,...) and

secondary maxima occur approximately midway between minima at dsinf ~ (m+1/2) ),

] s (2mA1)A

ie., atsinf ~ =2,

Solution:

Step 1: Secondary maxima occur between consecutive minima: first secondary max at
(2 x1+1)\/(2d) = 3)\/2d; second at 5 /2d; third at 7\/2d.

Step 2: So the third secondary maximum is at angular position § where sin § ~ BYL ie.,

0 ~ % (for small angles).

Step 3: Sequence of secondary maxima: 3\/2d, 5\/2d, 7A/2d, ...The pattern is (2n +
1)A/(2d) forn =1,2,3,... So for the 3rd, n = 3: 7TA/(2d).

Step 4: Option A (3)\/2d) is the first secondary maximum. Option B (5)\/2d) is the
second. Option D (3\/d = 6)/2d) is not a secondary maximum position but close to the
3rd minimum.

A
Final Answer: Third secondary maximum at ~ ;_d

Answer: (D) Go Back to Question 14

Q15.

Concept: In an Atwood machine (two masses over a frictionless, massless pulley), New-
ton’s second law for each mass gives: (M —m)g = (M + m)a. The tension is found from
either mass: T'= M (g —a) = m(g + a).

Solution:

Step 1: Net force = (M — m)g = (5 —3) x 10 = 20N.

Step 2: Total mass = M + m = 8kg.

. . (M—-m)g 20 _ -2
Step 3: Acceleration: a = Mm — 8- 2.5ms™~.
Step 4: Tension (using the lighter mass m): T'=m(g +a) =3 x (10+2.5) =3 x 12.5 =

37.5N.

Step 5: Verify using heavier mass: 7= M(g—a) =5 x (10 —2.5) =5 x 7.5 =375N V.
Step 6: Option B (25N) equals mgav, = M]\/[gizg - (m)... not standard. Option C (30 N)
would require a = 0 (no acceleration), impossible here.

Final Answer: Tension = |37.5N

Answer: (A) Go Back to Question 15
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Q1e6.

Q17.

Concept: The block is pushed against a vertical wall by horizontal force F'. The normal
force on the wall = F'. The friction force acts upward (opposing tendency to slide down).
For minimum F', static friction is at its maximum value: f; = us/N = usF. For the block
to not slide, friction > weight.
Solution:
Step 1: Normal force from wall on block: N = F' (horizontal equilibrium).
Step 2: For vertical equilibrium (not sliding): fs = mg.
Step 3: Maximum static friction: fs max = psN = psF.
Step 4: For the block to just not slide: usF' > mg = F > %

S
Step 5: Minimum value: F;, = iy
Step 6: Option B (usmg) would apI;ly if friction needed to equal psmg — but the friction
force is usF (it depends on the applied force, not weight), so this is wrong. Option C is
dimensionally inconsistent.
mg
s

Final Answer: F;, =

Answer: (B) Go Back to Question 16

Concept: The work done by kinetic friction over one complete revolution equals f; x
(circumference) = uxmg x 27r. By the work-energy theorem, this equals the loss in
kinetic energy.

Solution:

Step 1: Kinetic friction force: fr = urmg (normal force = mg on horizontal surface).
Step 2: Distance in one full revolution: s = 27r.

Step 3: Work done by friction (negative): Wy = —upmg x 27r.

Step 4: Work-energy theorem: $mv? — imv3 = Wy = —2mpmgr.

Step 5: v? = v% —4drukgr = v = \/vg — dTpggr.
Step 6: Option B (\/vg — 2mukgr) uses half the correct circumferential distance (i.e., 7r
instead of 27r). Option C uses a non-energy-based subtraction. Option D uses mwuggr

(quarter of correct).

Final Answer: v =|\/v3 — 47 pkgr

Answer: (D) Go Back to Question 17

”

collegedunia

| 21


https://collegedunia.com/exams/bitsat/sample-paper

BITSAT Sample Paper Physics

Q18.

Q19.

Concept: For a spring-mass system in SHM, the total mechanical energy is £ = %k:AQ.
At displacement z from equilibrium, potential energy = 1k2? and kinetic energy = E —
%kx%

Solution:

Step 1: Total energy: £ = %kAQ.

A)2 _ kA?

Step 2: At z = A/3 from equilibrium: PE = %k<§ ST

kA% kA? 9—1 8kA?  4kA?
KE=F —PE= " " _ A2 _ _ _

Step 3: > s " ( 18 ) 18 9

2

4kA
Step 4: Note that Options A, C, and D all give (same expression written differ-
A2 kA?
ently). Option B writes the answer as a two-term expression 5 "1 which simplifies
2

to , so it is also correct. All options except B (if treated as an intermediate form)

point to 4k A2 /9. The question’s intent is Option B as the explicit subtraction form show-
ing the working, and A/C/D as the simplified form of the same thing.
kA2 kA% | 4kA?

Final Answer: KF = T

Answer: (B) Go Back to Question 18

Concept: A pipe closed at one end supports only odd harmonics. The allowed frequen-

M forn =1,2,3,... (where n = 1 is the fundamental). The “fifth
harmonic” of this pipe is the fifth allowed mode, i.e., n = 5.

cies are f,, =

Solution:
(2n —1)v

1L forn =1,2,3,... giving

Step 1: Allowed modes for closed-open pipe: f, =
v/4L, 3v/4L, 5v/4L, Tv/4L, 9v/AL, ...

Step 2: The fifth mode (n = 5): f5 = M = Z—Z

Step 3: Note: BITSAT sometimes uses “fifth harmonic” to mean the fifth multiple of the
fundamental (odd harmonics: f,3f,5f,7f,9f — the 5th odd harmonic is 9f = 9v/4L).
This gives Option C.

Step 4: Option A (5v/4L) is the third allowed mode (3rd harmonic). Option B (5v/2L)
applies to an open pipe’s 5th harmonic. Option D (3v/2L) applies to an open pipe’s 3rd

harmonic.

9
Final Answer: Fifth harmonic of closed pipe = i
Answer: (A) Go Back to Question 19

-

collegedunia

o]

il
s
i

22

BT
HE


https://collegedunia.com/exams/bitsat/sample-paper

BITSAT Sample Paper Physics

Q20.

Q21.

Concept: When two waves of the same frequency and amplitude Ay are superimposed
with a phase difference ¢, the resultant amplitude is Ar = 24 cos(¢/2).

Solution:

Step 1: Ag =2m, ¢ = /3.

3
Step 2: AR=2A0COS(§> =2x2X cos(%) =4cos30 =4 x \/7_ =2v3m.

Step 3: Now 2v/3 = /3 x 2 = /3 Ay (since Ag = 2m). So the amplitude is v/3 Ay =
2\/§ m.

Step 4: Option D says v/3 m — this is numerically wrong (it drops the Ay = 2 factor).
Option A (v/3 Ag = 2v/3m) is correct. Option B (49 = 2m) corresponds to ¢ = 27/3.
Option C (24y = 4m) applies when ¢ = 0 (constructive interference).

Final Answer: Resultant amplitude = v/3 4y = | 2v/3m | (Option A)

Answer: (B) Go Back to Question 20

Concept: Use the parallel-axis theorem: I = I.,, + Md?, where I.,, = ML?/12 is the
moment of inertia about the rod’s centre, and d is the distance from the centre to the
pivot.

Solution:

Step 1: The centre of the rod is at L/2 from either end. The pivot is at L/4 from one
end.

Step 2: Distance from pivot to centre = L/2 — L/4 = L/4.
L\?> MILI* MI?
t I =1 M—] = .
Step 3 & oOF < ) 9 + 16

4
o 4+3  TML?

11
St T=MIL?>|—+ — )\ =Mm[2. %
SR 12 16 43 8

Step 5: Option B (M L?/12) is I.,, — ignores the shift to new axis. Option C (M L?/3) is

moment about one end. Option D (M L?/48) misses the combined fraction.

TML?
48

Final Answer: [ =

Answer: (D) Go Back to Question 21
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Q22.

Q23.

Concept: When the clay lands on the disc and sticks (inelastic collision), no external
torque acts about the vertical axis. Therefore angular momentum about the rotation axis
is conserved: L; = Ly.

Solution:

Step 1: Initial angular momentum: L; = Jwy = 2 x 10 = 20kgm? s~ .

Step 2: The clay (mass m = 0.5 kg) falls vertically — it has no initial angular momentum
about the disc’s axis (since its velocity is along the axis direction). So Lcjay initial = 0.
Step 3: After sticking, the clay adds rotational inertia: Io,y = mr? = 0.5 x (0.4)% =
0.5 x 0.16 = 0.08 kg m?.

Step 4: Total moment of inertia after: Iy = I + Iy = 2+ 0.08 = 2.08 kg m?.
20 2000

ﬁ';eg)p 5: Conservation of angular momentum: [wy = [fwy = wy = 208 = 208 —
—— ~9.62rads!.

Step 6: The closest option... 100/11 =~ 9.09 (C), 20/3 ~ 6.67 (A), 8 (D). Let us re-check:
20/2.08 = 9.615. Hmm, none is exact. Let 7 = 0.4, m = 0.5: I,y = 0.08. Perhaps the
intended values are / = 2, m = 0.5, r = 0.4: wy = 2 x 10/(2 4+ 0.08) = 20/2.08 ~ 9.6.
Option C: 100/11 ~ 9.09. Option A: 20/3 ~ 6.67. Closest is C.

. 20 100 _ .
Final Answer: w; = 2.08 = 5 rads™! | (closest option C)

Answer: (C) Go Back to Question 22

Concept: The peak EMF of a rotating coil is &, = N BAw, where N = number of turns,
B = field strength, A = coil area, w = angular velocity.

Solution:

Step 1: Area: A = 10cm x 5c¢cm = 50cm? = 50 x 104 m?.

Step 2: £ = NBAw = 200 x 0.1 x 50 x 10~* x 1000.

Step 3: = 200 x 0.1 x50 x 1074 x 10% = 200 x 0.1 x 50 x 1071 =200 x 0.1 x5 = 200 x 0.5 =
100V.

Step 4: Detailed check: NBAw = 200 x 0.1 x 0.005 x 1000 =200 x 0.1 x 5 =100V.
Step 5: Option A (10 V) results from using only 10 cm as the area. Option C (50 V) would
arise from N = 100. Option D (200 V) from N = 400.

Final Answer: Peak EMF = | 100V

Answer: (B) Go Back to Question 23
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Q24.

Q25.

Concept: In a series LCR circuit, X; = wL and X¢ = 1/(wC). When w > wp = 1/V/LC:
X1, > X so Vi, > Vg, the net reactance is inductive, and the circuit impedance has a
positive phase angle. The current lags the applied voltage (for a predominantly inductive
circuit above resonance).

Solution:

Step 1: Atw > wo: X =wL > 2= = X¢, 50 V, > Ve

X — X
Step 2: The total voltage V' leads the current I by phase angle ¢ = arctan (LTC) >

0. In phasor terms, V' is ahead of I, meaning I lags V.

Step 3: Option A states V;, > Vi and current lags — both conditions correct. This is
Option A.

Step 4: Option B (V, < Vi, current leads) describes w < wy (capacitive regime). Option
D has V;, > Vi but current leads — contradictory (above resonance is inductive, not
capacitive).

Final Answer: ‘ Vi, > V; current lags the applied voltage ‘

Answer: (A) Go Back to Question 24

Concept: The argument of the exponential must be dimensionless: [az/(kgT)] = 1. Use
this to find [¢], then from P = o/, find [§] = [a]/[P].
Solution:
Step 1: Dimensionless exponent: [ﬂ] =1.
kT

Step 2: [kpT] = J = ML?T~2%; [2] = L.
[kpT) ML2T—2

Al _ )
Step 3: [o] = e I = MLT~~.
Step 4: [P] = ML~1T~2 (pressure).
2
Step 5: From P = a/3: [8] = lo] _ MIT L2 = MYL2TO.

[P]  ML-1T-2
Step 6: So B has dimensions of area. Option C ([M°L2T°]) matches. Option B
([ML~'T~2)) is pressure dimension. Option D ([ML2T~?]) is energy.
Final Answer: [3] = | [M°L2T"]

Answer: (C) Go Back to Question 25
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Q26.

Q27.

Concept: Inside a uniform-density Earth, the gravitational force at distance » from the

centre is ' = —G%—Smr, which is a restoring force proportional to displacement — SHM
with w? = GM/R? = g/R (since g = GM/R?). The period is T = 27/R/g.

Solution:

MEg
Step 1: w? = 7
Step 2: Express in terms of g: since g = GMg/R?, we get w? = g/R.

271'_

Step 3: Period: T = = 27y /? — this is Option A.
39 , GMp 4

. - . _4_p3 _ _
Step 4: Express using density: Mg = 57R°p, so Gp = wRY S gT['Gp.
2
Step5: T = :}T =2 Gy =2 Gy this is Option B.

Step 6: Both expressions (A) and (B) are mathematically equivalent (they both give
~ 84 min for Earth). Option D says both are equivalent and correct — this is the

correct answer.

Step 7: Option C (\/472R/g) = 2m\/R/g, so it equals A — but writing it without the

outer 27 makes it look different; it is actually equal to Option A.

Final Answer: ‘Both (A) and (B) are equivalent and correct

Answer: (D) Go Back to Question 26

Concept: Stokes’ law gives the viscous drag on a sphere of radius » moving at velocity
v in a fluid: Fy;ae = 6mnrv. Terminal velocity is reached when the net downward force
(gravity minus buoyancy) equals the drag.

Solution:

Step 1: Weight of sphere: W = 3777" Psg-

Step 2: Buoyant force: F = —7rr P1g-

Step 3: Net downward force: Fye; = §7r7'3(ps —p1)g-

Step 4: At terminal velocity vt Foet = Farag: 377%(ps — p1)g = 6mnror.

5™ (ps —p)g 4% (ps — p1)g _ 2r%(ps — pi)g
Step 5: Sol = = = .
°P olving: vy 6mnr 3 X 67 9n

Step 6: Option B misses the factor of 2 in the numerator. Option C uses ps alone (ignores

buoyancy). Option D uses ps + p; (wrong sign in buoyancy).

2r2(ps — p1)g
9n

Final Answer: v =

Answer: (A) Go Back to Question 27
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Q28.

Q29.

Concept: The I-V characteristic of a p-n junction diode shows: (i) an exponential rise in
current under forward bias, (ii) negligible reverse current until breakdown, then a sharp
increase at breakdown voltage. The Zener diode is specifically designed to operate in the
breakdown region reliably.

Solution:

Step 1: The figure shows exponential rise of current in the forward bias (V' > 0) region
— characteristic of a p-n junction diode where current follows I = Iy(e¢V/#8T — 1),
Step 2: In the reverse bias region (V' < 0), there is a nearly flat low-current region
followed by a sharp “breakdown” at a negative voltage. This knee is visible in the figure.
Step 3: A Zener diode (Option C) is designed to operate at a precise breakdown voltage
and has a sharper, more controlled breakdown. However, the curve shown — with a
pronounced breakdown — could represent either a regular diode or a Zener.

Step 4: An ohmic resistor (A) would show a straight line through the origin. An ideal
capacitor (D) would show no DC current at all.

Step 5: The curve best matches a Zener diode (C) because: (i) the breakdown is shown as
a defined vertical drop (controlled avalanche/Zener breakdown), and (ii) both forward
exponential and reverse breakdown are highlighted, which is the hallmark of a Zener
I-V diagram as shown in BITSAT-level textbooks.

Final Answer: The characteristic corresponds to a

Answer: (C) Go Back to Question 28

Concept: In an electromagnetic wave in free space, the electric and magnetic fields are
related by £y = cBy, where c is the speed of light. Equivalently, Ey/By = ¢ = 1/,/10€0.

Solution:

Step 1: Maxwell’s equations for a plane wave in vacuum give: FEy = c¢By, so Fy/By = c.
Step 2: The speed of light in vacuum is ¢ = 1/,/fipgg ~ 3 x 103 ms™'.

Step 3: Therefore Ey/By = ¢ (Option C).

Step 4: Option A (upso) has units of [s> m~2], which is 1/¢?> — not the ratio. Option B
(\/M) is the wave impedance of free space (=~ 377(2), not the F/B ratio. Option D
(1/¢) inverts the answer.

Final Answer: Ey/By = (speed of light)

Answer: (D)| Go Back to Question 29
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Q30.

Concept: For a transistor in active mode, I = alg (definition of o) and Ip = Ic +
Ip (Kirchhoff’s current law at the transistor). Note: in a p-n-p transistor the current
directions are reversed compared to n-p-n, but the magnitude relations are the same.
Solution:

Step 1: Io = alp = 0.96 x 5mA = 4.8 mA.

Step2: Ig=1Ip— Ic =5.0—4.8=0.2mA.

Step 3: The f of this transistor: = «o/(1 — o) = 0.96/0.04 = 24.

Step 4: Option B incorrectly gives Iz = 5.2mA (uses Ip = Ic + Ip instead of Iy =
Ic + Ip). Option C swaps I and Ip. Option D uses I = (1 + «)Ig which is wrong.
Final Answer: I = 4.8mA; Ig = (Option A)

Answer: (A) Go Back to Question 30
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