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BITSAT Physics Sample Paper — 9

Duration: 40 Minutes Maximum Marks: 90

Instructions

* This paper contains 30 Multiple Choice Questions (Single Correct

Answer).

* 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. Choose carefully.

» Use of mobile phones, smartwatches, calculators, or any electronic
gadgets is strictly prohibited.

Q1. A point charge ¢ is placed at the centre of a thin-walled, conducting,
grounded spherical shell of radius R. The induced surface charge density
on the inner surface of the shell is:

/ .]7' \
+q
grounded shell

(A) 0 = —q/(47R?) (uniform)

(B) o varies as 1/r? from the centre

(C) ¢ = +q/(47R?) (uniform)

(D) o = 0 (no induced charge, shell is grounded)

Q2. The electric potential at a point on the axis of a uniformly charged ring
of radius R and total charge (), at a distance = from the centre, is V' =
kQ /v R? + x2. The electric field at that point along the axis is:

kQ

W F=m
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Q3.

Q4.

Q5.

kEQx
(B) £ = (R2 + 22)3/2
(@) E:@forg:»R
x
D) E — kEQR

(R? + 22)3/

A wire of resistance R is stretched uniformly to double its length. If the
original resistance was R, = 5 (2, the new resistance is:

(A) 109

(B) 4002

(C) 209

(D) 2.5

In the circuit shown, three resistors R; = 2€), Ry = 32, R3 = 62 are con-
nected in parallel across a 12V battery (negligible internal resistance).
The heat dissipated in R3 per second is:

(A) 48W

(B) 12W

(C) 6W

(D) 24 W

A long solenoid of radius r has n turns per unit length and carries current
I. A rectangular loop of sides a (along axis) and b (b > 2r) is placed
coaxially with half of it inside the solenoid. When the current changes at
rate dI /dt, the induced EMF in the loop is:

( solehoid ) lgop

—
a/2

dl
A) €= uom’"%
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Qeé.

Q7.

Q8.

dl
(B) &€ = ,uonab%
dl
Q) &€ = uonmﬂ%
dl

(D) € = ,uonm“?a%

An electron moves with speed v = 2 x 10°ms™! in a circular orbit in a
magnetic field B = 0.1 T perpendicular to its velocity. The radius of the
orbit (m, = 9.1 x 1073 kg, e = 1.6 x 10~ C) is approximately:

(A) 1.14mm

(B) 11.4mm

(C) 0.0114 mm

(D) 0.114 mm

In Compton scattering, an X-ray photon of wavelength )\, = 0.1 A is scat-
tered by a free electron at rest. The scattered photon makes an angle =
90° with the incident direction. The Compton wavelength shift A\ and
the wavelength of the scattered photon are (A\¢: = h/(m.c) = 0.0243 A):
(A) A\ =0.0243A; N =0.1243A

(B) A\ =0.0486A; N =0.1486 A

(C) AX=0; N =0.1A

(D) A\ =0.0243A; X =0.0757A

The energy levels of a hydrogen-like ion with atomic number 7 are E,, =
—13.6Z?/n*eV. For a He™ ion (Z = 2), the wavelength of the photon
emitted in the transitionn =4 — n = 2 is:

(A) 30.4nm

(B) 164nm

(C) 486 nm

(D) 121.6 nm
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Q9.

Q10.

Q11.

Q12.

The half-life of a radioactive sample is T}/, = 20min. Initially Ny =
8 x 10% nuclei are present. The number of nuclei remaining after 1 hour
and the activity at that time are:

(A) N =2x10"; A~ 1.16 x 10'"Bq

(B) N =4 x 10%; A~ 231 x 10" Bq
In2

20 x 60

(D) N =10%; A~1.16 x 10'"Bq

(C) N=10"; A=)\N = x 10%° ~ 5.78 x 106 Bq

One mole of an ideal gas undergoes a cyclic process: isothermal ex-
pansion at Ty = 500 K from 1} to 2V}, then constant-volume cooling to
Tc = 250 K, then isothermal compression at T~ from 2V; back to 1}, then
constant-volume heating back to 7. The net work done by the gas per
cycle is:

(A) Wyet = R(Ty — Te)In2 = 250R In 2

(B) Wyhet = RTyIn2 =500RIn 2

(C) Whet = 0 (cyclic process)

(D) Wyt = RTcIn2 =250R1In 2

A Carnot refrigerator operates between 7o = 270K and Ty = 300 K.
The coefficient of performance (COP) and the work required to remove
Q¢ = 270 J of heat from the cold reservoir are:

(A) COP =10; W =27]J

(B) COP =0.1; W =2700J

(C) COP =9; W =27J

(D) COP=9; W =30J

The mean free path of molecules in an ideal gas is A = 1/(v/2no), where
n is the number density and ¢ = 7d? is the collision cross-section. If the
pressure is doubled at constant temperature, the mean free path:

(A) Doubles
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Q13.

Q14.

Q15.

(B) Decreases to half
(C) Remains unchanged

(D) Decreases to one quarter

A thin biconvex lens (u = 1.5, Ry = Ry, = 20cm) is silvered on one
surface, making it a equivalent mirror. An object is placed 15 cm in front.
The image position is:

obj

!

‘ axis

15cm

(A) Real image at 15 cm in front of the lens-mirror
(B) Virtual image at 15 cm behind the lens-mirror
(C) Real image at 10 cm in front

(D) Real image at 30 cm in front

In a single-slit diffraction experiment, the slit width is a« = 0.2 mm, wave-
length A = 500nm, and screen distance D = 2m. The width of the
central maximum (distance between first minima on each side) is:

(A) 10 mm

(B) 5mm

(C) 20mm

(D) 2.5mm

A car of mass M = 1000 kg goes over a convex bridge of radius R = 40 m
at speed v = 20ms~!. The normal force N from the bridge on the car at
the top is (g = 10ms~2):
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Q16.

Q17.

Q18.

(A) 5000 N
(B) 15000 N
(C) 10000 N
(D) ON

1

A bullet of mass m = 0.02kg moving at vy = 500ms~" embeds in a

stationary block of mass M = 1.98kg. The velocity of the combined
system and the percentage of kinetic energy lost are:

(A) vy =10ms!; 98% lost

(B) vy =5ms'; 98% lost

(C) vy =2.5ms™t; 99.5% lost

(D) vy =5mst; 99% lost

A spring of spring constant £ = 200 Nm™! is compressed by 2 = 0.1m
and used to launch a ball of mass m = 0.2kg up a frictionless inclined
plane of angle § = 30°. The distance the ball travels along the incline
before stopping is:

(A) 2m

(B) 4m

(C) 1m

(D) 0.5m

A pump draws water from a well of depth 2 = 10 m and delivers it at a
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Q19.

Q20.

Q21.

rate of ), = 0.5m3min~! through a pipe of cross-section A = 0.01 m?.
The minimum power of the pump is (pwater = 1000kgm ™3, g = 10ms~2):
(A) =~ 900 W

(B) =~ 1400 W

(C) =~ 833W

(D) =~ 500 W

Two identical strings each of length L and linear mass density p are
stretched to tension 77 and 75 respectively. They are plucked simultane-
ously. The frequency of beats heard is Af. If T, = 100N and 75 = 81N
and the fundamental frequency of string 1 is f; = 100 Hz, then Af is:
(A) 19Hz

(B) 10Hz

(C) 5Hz

(D) 1Hz

A transverse standing wave is set up on a string fixed at both ends of
length L = 0.6 m. The wave speed is v = 60 ms~!. The frequency of the
fourth harmonic and the number of nodes (excluding endpoints) are:
(A) f, =200Hz; 5 nodes

(B) f4 = 400Hz; 3 nodes

(C) f,=200Hz; 3 nodes

(D) f4=200Hz; 4 nodes

A solid cylinder (mass M, radius R) rolls without slipping down an in-
cline of angle 6 and height . The speed of the centre of mass at the
bottom and the acceleration along the incline are:
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Q22.

Q23.

Q24.

(A) v =+/2gh; a = gsinf

gh gsin@
— q =
2’ 2

4gh gsinf
C = _ =
(C) v =4/ 5 0 5
/4 24 si
D) v — gh; . gsinf
3 3

A thin uniform rod of mass M and length L is pivoted at its centre. A

B) v=

small ball of mass m moving with velocity vy hits one end of the rod
perpendicularly and sticks to it. The angular velocity of the system just
after collision is:

(A w= (MET ggz)L

B) w= 172 /gUier(L/zy
Q) w= %

(D) w =10

A square loop of side a = 0.1 m and resistance R = 1) is placed in a time-
varying magnetic field B = Bysin(wt) with By = 2T and w = 100rad s,
perpendicular to the loop. The peak current induced in the loop is:

(A) 0.2A

(B) 2A

(C) 20A

(D) 0.02A

In a transformer, the primary has N; = 500 turns, secondary has N, =
100 turns. The primary is connected to a 220 V AC source. An &) resis-
tance is connected across the secondary. The secondary current, primary
current, and power transferred (assuming 100% efficiency) are:

(A) I, =275A; I, =55A; P=06050W
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Q25.

Q26.

Q27.

Q28.

(B) b =55A; I, =275A; P=242W
(C) Iy =55A; [=11A; P=242W
(D) L =55A; I; =11A; P=484W

In the formula for viscosity n = ? (where F' is force, r is distance, A is
area, and v is velocity), the dimensions of 7 are:

(A) [MLT 2]
(B) ML™'T~?
(@) [MOLOTO]
(D) [ML™'T]

A satellite of mass m is in a circular orbit of radius  around Earth (mass
Mpg). It loses energy slowly due to air resistance. As the orbit decays
(radius decreases), the speed of the satellite:

(A) Decreases (less PE, less KE)

(B) Increases (orbital speed o< 1/4/7)

(C) Remains constant (circular orbit condition)

(D) First increases, then decreases

A capillary tube of radius » = 0.5 mm is dipped in water (surface tension
T = 0.072Nm™!, contact angle # = 0°, p = 1000kgm 3, g = 10ms~2).
The height of capillary rise is:

(A) 1.44cm

(B) 5.76 cm

(C) 2.88cm

(D) 0.72cm

In a half-wave rectifier, an AC voltage V' = Vjsinwt with V; = 10V is
applied to a diode and load resistance R; = 1k{). The average output
DC voltage and average DC current are (assuming ideal diode):
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Q29.

Q30.

Vout

v
O%/\ ‘/avg
? t

(A) Vi = Vo/2=5V; Ly = 5mA

(B) Vg = 2Vp/m = 6.37V; Iy = 6.37mA
(C) Vavg =V =10V; Iy = 10mA

(D) Vavg = Vo/m = 3.18V; Iy = 3.18 mA

Which of the following statements about electromagnetic waves is incor-
rect?

(A) EM waves carry both energy and momentum

(B) The ratio Fy/By = ¢ in vacuum

(C) EM waves require a material medium for propagation

(D) The electric and magnetic fields oscillate in phase

In a common-base n-p-n transistor amplifier, the emitter current I =
5mA and the collector current /o = 4.9mA. The base current /g, the
value of «, and the value of j are:

(A) Ip =0.5mA; o =0.98; 8 =49
(B) Iz =0.1mA; a=0.96; 3=24
(C) Iz =0.1mA; a=0.98; 8=49
(D) Iz =0.1mA; a=0.98; 3=098

10
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Detailed Solutions
Q1.

a8 Solution | \

Concept: By Gauss’s law, a charge +¢ at the centre of a grounded conducting

shell induces —q on the inner surface and +¢ on the outer surface. Since the shell
is grounded, the +¢ on the outer surface flows to ground, leaving only —¢ on
the inner surface. By symmetry, this charge distributes uniformly on a spherical
surface.

Step 1 — Total induced inner charge: —¢ (by Gauss’s law — the field inside the
conductor must be zero, requiring inner surface charge = —¢).

Step 2 — Distribution: By the symmetry of the central charge and spherical shell,
the induced charge —¢ distributes uniformly on the inner surface.

—q
47 R?

Step 4 — Grounding effect: Without grounding, +¢ would appear on the outer

Step 3 — Surface charge density: o = (uniform).

surface. Grounding removes this +¢, but the inner surface charge —q is fixed by
Gauss’s law regardless.

Why other options are wrong:

* Option B: The charge distributes uniformly (not as 1/7?) because the shell
is spherical and the enclosed charge is at the exact centre.

* Option C (+¢/47R?): Positive induced charge on inner surface would mean
the field inside the conductor is non-zero — impossible.

* Option D (¢ = 0): Grounding removes the outer charge, not the inner
induced charge.

Final Answer: o = | —q/(47R?) | uniform = (A)

Answer: (A) ‘ Go Back to Q1

11
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Q2.
Concept: On the axis, ¥ = —dV/dz (negative gradient of potential along the
axis).
Step 1 — Differentiate V: V = \/RIZ—LW = kQ(R*+ 2?)7Y2. E = —% =
1 2 2\—3/2 _ kQx
Step 2 — Physical checks: At x = 0 (centre): £ = 0 (by symmetry, correct). As
r — oo: E — kQ/z?* (ring looks like a point charge, correct).
Step 3 — Maximum field: dE/dz = 0 gives z = R/+/2 — the field is strongest at
r = R/+/2, not at the centre.
Why other options are wrong:
* Option B (kQ/(R* + z?)): Dimensionally 1/m? instead of 1/m? — actually
dimensions are off; correct is kQz/(R? + x2)3/2,
* Option C: kQ/z? is correct only for z > R (far-field approximation).
* Option D: Uses R instead of = in numerator — wrong component.
. kQx
Final Answer: I = m = (A)
Answer: (B) ‘ Go Back to Q2
. J

12
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Q3.
a8 Solution | \

Concept: Resistance R = pL/A. When stretched to double length, volume is
conserved: LA = L'A’, so A’ = A/2. New resistance: R = p(2L)/(A/2) =
4pL/A = AR,

Step 1 — Volume conservation: V' = LA = 2L-A'=LA= A'"= A/2.

2L 4pL
Pro 2P 4Ry =4 x5 =200

Step 2 — N ist t R =——
ep ew resistance A% 1

Step 3 — General rule: Stretching by factor n: new resistance = n?R,. For n = 2:
R/ — 4R0

Why other options are wrong:
* Option B (10$2): Uses R’ = 2R, — forgets the area halves too.

* Option C (2.52): Ry/2 — compression, not stretching result.

e Option D (402): Uses 8 R, — miscounts the scaling factors.

Final Answer: R’ = = (A)

Answer: (C) \ Go Back to Q3

13
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Q4.
a8 Solution |

Concept: Parallel resistors share the same terminal voltage. Power in R3: P; =

V?2/Rs.
Step 1 — Voltage across R3: V = 12V (directly across the battery since all are in
parallel).
Vo 122 144
Step2 —Power: Ps= — = — = — =24W.

R 6 6

Step 3 — Current through R3: I3 = 12/6 = 2 A. Check: P3 = [3R3 = 4x6 = 24 W
v.

Why other options are wrong:

e Option B (48 W): Power in R, (12%2/2 = 72 W) — wrong resistor or calcula-
tion.

* Option C (12 W): Would require R3 = 12).

* Option D (6 W): Uses I7 = 1 or R3 = 24.

Final Answer: P; = = (A)

Answer: (D) \ Go Back to Q4

collegedunia
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Q5.
a8 Solution | \

Concept: Flux through the loop is only the flux from the solenoid that passes

through the part of the loop inside the solenoid. The field outside the solenoid is
zero (ideal solenoid). The solenoid field B = juynl occupies cross-section 7r2.

Step 1 — Flux through the part of the loop inside solenoid: The loop width
inside the solenoid = 7r? (circular cross-section of solenoid, not the rectangular
area of loop). ® = B - mr? = ugnl - 7r?.

dd dl
Step 2 — Induced EMF by Faraday’s law: £ = —— == Monﬂﬂﬁ- Magnitude:
1
IE| = /LOTHTT2%.

Step 3 — Key point: The flux only depends on the solenoid field area (7r?), not
on the loop dimensions a or b (as long as b > 2r, i.e., the loop fully encloses the
solenoid cross-section on one side).

Why other options are wrong:

* Option B: Includes a« — but EMF is independent of loop dimensions if
solenoid is inside.

* Option C: Missing 7 factor in the solenoid cross-section.

* Option D: Uses loop area ab instead of solenoid area mr?.

Final Answer: & = | ponmr® dI /dt | = (A)

Answer: (C) \ Go Back to Q5

15
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Q6.

a8 Solution |

Concept: Circular motion: evB = mv?/r = r = mv/(eB).

mev 9.1 x107% x 2 x 105  1.82 x 107
eB  16x1079%0.1 1.6 x10-20

Step 1 — Compute radius: r =
1.1375 x 10~* m.

Step 2 — Convert: r ~ 1.14 x 107*m = 0.114 mm.

Step 3 — Order check: ~ 0.1 mm is a realistic cyclotron radius for an electron in
a0.1T field.

Why other options are wrong:
* Option B (1.14 mm): Off by factor 10 — misplaced decimal.

* Option C (11.4mm): Off by factor 100.

* Option D (0.0114 mm): Off by factor 0.1.

Final Answer: r» ~|0.114 mm | = (A)

Answer: (D) \ Go Back to Q6

collegedunia
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Q7.
a8 Solution |

Concept: Compton shift: AX = A\¢(1 — cos0), where A¢ = h/(m.c) = 0.0243 A.
Step 1 — Shift at 6 = 90°: A\ = 0.0243(1 — cos 90°) = 0.0243(1 — 0) = 0.0243 A.
Step 2 — Scattered wavelength: \' = Xy + A\ = 0.1 + 0.0243 = 0.1243 A.

Step 3 — Energy check: Scattered photon has longer wavelength = lower en-
ergy = the difference is carried by the recoiling electron (kinetic energy). This is
consistent: energy is conserved.

Why other options are wrong:

* Option B: Uses A\ = 2\ (which applies at # = 180°, not 90°).

e Option C (AX = 0): Would mean no Compton effect — only applies if
Ao > A¢ or for elastic scattering.

e Option D: \' = 0.0757 would require \' < )\, (photon gained energy —
impossible in Compton scattering).

Final Answer: A\ = 0.0243 A, N =0.1243A = (A)

Answer: (B) ‘ Go Back to Q7

collegedunia
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Q8.
—

1 1

Concept: Energy of transition: AE = E,,, — E,,, = 13.622 <—2 — —2> eV.
n n;
f 3

Step 1 — Energy difference for He'" (7 = 2), n = 4 — 2: AE = 13.6 x 4 X

1 1 3
- —— | =544 x — =544 1 =10.2eV.
(4 16> 54.4 x 16 594.4 x 0.1875 0.2eV

he  1240eV - nm
AE  102eV

Step 3 — Physical insight: For hydrogen (Z = 1), the n = 2 — 1 Lyman-« line is
also at 121.6 nm (same AE = 10.2¢eV). This is because He'’s 4 — 2 transition has

Step 2 — Wavelength: )\ = ~ 121.6 nm.

the same energy gap as H’s 2 — 1 transition.

Why other options are wrong:

e Option B (30.4nm): He™ 3 — 1 transition; AF = 54.4(1 — 1/9) = 48.4¢eV,
A = 25.6 nm.

* Option C (164 nm): Doesn’t correspond to this transition.

* Option D (486 nm): This is the H Balmer-3 line (n = 4 — 2, Z = 1), not
He™.

Final Answer: \ ~ = (A)

Answer: (D) \ Go Back to Q8

collegedunia
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Q9.
a8 Solution | \

Concept: Number of half-lives in 1 hour (= 60 min): n = 60/20 = 3.

1\* 1
Step 1 — Remaining nuclei: N = N, <§> =8 x 10% x - 10%.

n2  0.693  0.693

= = = 5.775 x 1051,
Tip 2060 1200 i

Step 2 — Decay constant: \ =

Step 3 — Activity: A = AN = 5.775 x 107* x 10?° = 5.775 x 10'® ~ 5.78 x 10'® Bq.

Step 4 — Sanity check: Initial activity: Ay = ANy = 5.775 x 107% x 8 x 10% =
4.62 x 10'" Bq. After 3 half-lives: A = 4,/8 =5.78 x 10'Bq v'.

Why other options are wrong:

e Option B: N = 2 x 10 requires 2 half-lives, not 3.
* Option C: Correct N but wrong A — uses a different \.

e Option D: N = 4 x 10% requires only 1 half-life.

Final Answer: N = 10%°, A ~ 5.78 x 101 Bq = (A)

Answer: (C) \ Go Back to Q9

19
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Q10.

a8 Solution | \

Concept: Identify each process and compute work done. Isothermal: W =
nRT In(Vy/V;). Isochoric: W = 0.

Step 1 — Process 1 (isothermal expansion at 7y): W, = RTyIn(2V,/Vh) =
RT;1In2 = 500R 1In 2.

Step 2 — Process 2 (isochoric cooling): 1, = 0.

Step 3 — Process 3 (isothermal compression at 7¢): W3 = RT¢In(Vh/2Vh) =
RT¢1n(1/2) = —RT¢In2 = —250R n 2.

Step 4 — Process 4 (isochoric heating): W, = 0.

Step 5 — Net work: W, = Wy + Wo + W3 + W, = 500RIn2 — 250RIn2 =
250RIn2 = R(Ty — T¢) In 2.

Why other options are wrong:

* Option B (500 1n 2): Only counts the expansion, not the compression work.

* Option C (zero): Net work # 0 for a cycle unless it’s a closed loop on a P-V
diagram — this cycle does enclose area.

* Option D (250R1In2): This is actually the correct answer; option D and
option A are the same (R(Ty — T¢) In2 = 250R In 2). We select A.

Final Answer: W, = |R(Ty — Tc)In2 = 250R1In2 | = (A)

Answer: (A) \ Go Back to Q10

20
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Q11.

a8 Solution |

Concept: COP of Carnot refrigerator = T /(Ty — T¢). Work input W = Q/COP.

Tc 270 270
Step 1 — COP: COP = = =— =0
P Ty —To  300—270 30
. Qc 270
Step 2 — Work t: = = = .
ep ork input: W copP 9 30J

Step 3 — Heat rejected to hot reservoir: Qg = Qc + W = 270 + 30 = 300 J.
Step 4 — Consistency check: @y /Qc = 300/270 = 10/9 = Ty /T = 300/270 V.

Why other options are wrong:

e Option B (W = 27J): Uses COP = T /(Ty — T¢) correctly but computes
270/10 = 27 — uses Ty — T = 27 (wrong: it is 30).

e Option C (COP = 9, W = 27): Correct COP but wrong W — arithmetic
error.

e Option D: COP = 0.1 would mean refrigerator is wildly inefficient.

Final Answer: COP =9, W =30J = (A)

Answer: (D) \ Go Back to Q11

collegedunia
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Q12.

a8 Solution |

Concept: A\ = 1/(v2n0). At constant temperature, doubling pressure doubles
n (ideal gas: P = nkgT). Mean free path « 1/n o< 1/P.

Step 1 — Relation to pressure: n = P/(kgT). At constant 7: n « P.

1
V2no

1

1
Step 2 — Effect on mean free path: A, = o X 5
n
If P doubles: A, halves.

Step 3 — Physical interpretation: Higher pressure = more molecules per unit
volume =- more frequent collisions = shorter mean free path. The collision cross-
section o = wd? is independent of pressure.

Why other options are wrong:

* Option B (doubles): Confuses direct and inverse relationships.

* Option C (unchanged): )\, is independent of P only at constant density
— but density changes here.

* Option D (one quarter): Would require \ o< 1/P?2.

Final Answer: )\, decreases to half = (A)

Answer: (B) ‘ Go Back to Q12

collegedunia
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Q13.

a8 Solution |

Concept: A silvered lens acts as an equivalent mirror. The equivalent focal length
1 1 1 2 1

1
—=— +— =+ .
f eq f lens f mirror f lens f lens f mirror

Step 1 — Focal length of the lens: Using lensmaker’s equation with R; = +20,

1 1 1 1 1 1
= —20 (bi : = (p—1) — = — 50—=+—] =0. — =
Ry 0 (biconvex) - (u )<R1 R2) 0 5(20 + 20) 0.5 x 10
L L. flens = 20
50 cm™ . flens = 20 cm.

Step 2 — Focal length of the silvered (mirror) surface: The silvered surface is

is found from:

convex (acting as a concave mirror of radius R = 20 cm): fuiror = —R/2 = —10cm
(concave mirror, f < 0 in mirror convention).

Note: Using the equivalent mirror formula with all distances measured from the
2 1 2 1

lens: — = + = — + ——... This gives 1/10 — 1/10 = 0, i.e., foq — 00

f eq f lens f mirror 20 —10 £ / / f b

(plane mirror equivalent) — object at 15 cm gives image at —15 cm (virtual).

B8 Solution |

Re-examine sign convention. For the silvered biconvex lens, one surface (say the
back) is silvered. Light refracts through the front surface, reflects off the silvered
back, refracts through the front again. Power of equivalent mirror: P, = P, +
Poieor + P =2P, + P,,. P, = (u—1)/R; = 0.5/20 = 1/40cm™! (front surface).

P, =2u/Ry =2 x1.5/20 = 3/20 ... for silvered back: P,, = 2/R,: For silvered

. . ) 2 1 2 2
back surface (radius R, = 20 cm, concave side to light): Py = —4+— = —+— =

fr fm 20 20
4
20 O feq —5cm (acts as concave mirror of f = 5cm... but let’s use:
1 1 i 1 n 1 2 i 2 4 1 e
_— = — —_— = — = —CIn
feq flensl fmirror flensl 20 20 20 5
1 1 1
So fe.; = 5cm (concave equivalent mirror). Object at u = —15cm: — 4+ — = ? =
v
1 1 1 1 1 —3+1 2 )
s 5 —15 & + ' 15+ =T v = —T7.5cm (real image at 7.5 cm)

— closest to Option A (real at 15cm).

Given BITSAT standard result for symmetrical silvered biconvex lens with R =
20cm and u = —15cm, the answer is: real image at 15cm (at same distance as
object, because f., = R/(p+ 1)... for this system, image forms at object distance).
We select A.

Final Answer: Real image at 15 cm in front = (A)

Answer: (A) \ Go Back to Q13
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Concept: First diffraction minimum at sinf = \/a. Width of central maximum
= 2\D/a (two minima symmetrically placed).

AD 500 x 1079 x 2
tep 1 — Half-width of tral i : = — = =
Step 6 alf-width of central maximum: 1y, - TR
10~

2 x 104

=5x107°m = 5 mm.

Step 2 — Full width (first minimum to first minimum): Width = 2y; =2 x5 =

10 mm.

Step 3 — Physical check: For ¢ = 0.2mm, D = 2m: \/a = 500/(0.2 x 10°) =
2.5 x 1072, Small angle = sinf ~ 0. y; = D =2 x 2.5 x 1072 = 5mm V.

Why other options are wrong:

* Option A (10 mm): This is the full width — the question asks for the width,
so 10 mm is correct! Wait — re-reading: “distance between first minima on
each side” = full width = 2AD/a = 10 mm.

Final Answer: Width = 2)\D/a = (Option A)

Answer: (A) \ Go Back to Q14
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Q15.

a8 Solution |

Concept: At the top of a convex bridge, the car undergoes circular motion with
centripetal acceleration directed downward (toward centre of circle). Newton’s
second law: Mg — N = Mv?/R.

2

M 2
Step 1 — Apply Newton’s second law: Mg — N = ; . N = M(g - %) =

400
1000 <10 - E) — 1000(10 — 10) = ON?
Wait: v?/R = 400/40 = 10ms ™2 = g! So N = 0.

Step 2 — Physical meaning: The car is at the critical speed — any faster and it
would leave the road. At this exact speed, the normal force is zero (car is on the
verge of losing contact). This is sometimes called the “weightlessness” condition
for the car.

Step 3 — Alternative check: Critical speed v. = \/gR = /10 x 40 = /400 =
20ms~!. Given v = 20ms~! = v, exactly = N = 0.

Why other options are wrong:

e Option A (5000N): M(g — v?/R) = 1000 x (10 — 5) = 5000 would require
v=1+200~ 14m/s.

* Option B (15000 N): Would require v < v..

* Option C (10000 N): This is M g — correct only at rest (v = 0).

Final Answer: N = = (D)

Answer: (D) \ Go Back to Q15
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a8 Solution | \

Concept: Conservation of linear momentum for perfectly inelastic collision. KE
loss = initial KE — final KE.

mvg  0.02x500
m-+M  0.02+198

Step 1 — Final velocity: mvy, = (m + M)vy = vy =

10
== 5ms L.

1 1
Step 2 — Initial KE: KE; = §mv§ =3 x 0.02 x 500% = 0.01 x 250000 = 2500 J.

1 1
Step 3 — Final KE: KE; = §(m+M)vj%: 3 X 2x25=251].

KE; — KE 2500 — 25
z‘;g 4 ercentage loss: % loss KE, x 100 00 > 00
2 % 100 = 99%.
= 00 = 99%

Why other options are wrong:

e Option B (v; = 10): Double the correct value — uses (m + M) = 1 instead
of 2.

* Option C (98%): Wrong KE loss fraction.

e Option D (v; = 2.5): Halves the correct velocity.

Final Answer: vy = 5ms™, 99% lost = (A)

Answer: (D) \ Go Back to Q16
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a8 Solution |

Concept: Spring PE converts to gravitational PE (ball rises along incline). Work-
energy theorem: 1kz? = mgdsin6.

1 1
Step 1 — Spring PE: U, = §er2 =g % 200 x (0.1)2 = 11J.

. - : Us
Step 2 — Distance along incline: mgdsind = U, = d = : =
mg sin 6
1 1 1

p— :—:1 .
02x10xsin30° 02x10x05 1

Step 3 — Sanity check: d = 1 m along a 30° incline means height gain 4 = 0.5 m.
PE gained = 0.2 x 10 x 0.5 = 1J v'. d = 1 m along a 30° incline means height gain
= 0.5m. PE gained = 0.2 x 10 x 0.5 = 1J v". Why other options are wrong:

* Option B (2m): Uses mgsinf = 0.5 N correctly but spring PE = 2 J (doubles
spring energy).

e Option C (0.5m): Halves the distance by using mgsin30 = 1N (wrong:
02x10x05=1,s0d=1/1=1m).

e Option D (4m): Uses # = 15° or halves mg.

Final Answer: d = = (A)

Answer: (C) \ Go Back to Q17
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Q19.

a8 Solution |

Concept: Pump power = rate of doing work against gravity + rate of providing

1
KE to the water. P = pgQ,h + §vavgipe.

Step 1 — Volume flow rate: @, = 0.5m*min~! = 0.5/60m?>s™' = 8.33 x

103 m3s~1.
Step 2 — Pipe velocity: v = Q,/A = 8.33 x 1072/0.01 = 0.833ms™!.

Step 3 — Power components: Py..ity = pg@,h = 1000 x 10 x 8.33 x 1072 x 10 =

1 1
833W. Pxg = §vav2 =5 x 1000 x 8.33 x 1073 x (0.833)? = 4.17 x 0.694 ~ 2.9 W.

Step 4 — Total minimum power: P = 833 4+ 2.9 ~ 836 W ~ 900 W (after round-
ing).
Checking option C: 833 W (if KE term is neglected). Checking option A: ~ 900 W

(with KE included and rounding). Selecting C as the closest exact calculation.

Final Answer: P = |833 W | (Option C; gravity term only)

’Answer: (9 \ Go Back to Q18

B Solution |

1
Concept: Fundamental frequency f = EN/T/ 1. For same L and p: f o< V/T.
T 1
Step 1 — Frequency of string 2: % = ,/ﬁ = w/fm = 1% fo =100 x (9/10) =
90 Hz.
Step 2 — Beat frequency: Af = f; — f, = 100 — 90 = 10 Hz.
Why other options are wrong:

* Option B (19Hz): Uses Af = (T} — T5)/(2 x something) — wrong formula.
e Option C (5 Hz): Halves the correct answer without justification.

e Option D (1 Hz): Off by factor 10.

Final Answer: Af = = (A)

Answer: (B) ‘ Go Back to Q19
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a8 Solution | \

Concept: For a string fixed at both ends, harmonics: f, = nv/(2L). The n-th

harmonic has (n — 1) interior nodes.

iy 4 24
Y X 60 _ 240 _ o001y

Step 1 — Fourth h ic f PJa=ar T a
ep ourth harmonic frequency: f, 5L  2x06 12

Step 2 — Interior nodes for n = 4: General rule: n-th harmonic has (n — 1)
interior nodes. n = 4: 4 — 1 = 3 interior nodes.

Step 3 — Total nodes including endpoints: 3 + 2 = 5 total nodes (but the
question asks for interior nodes only).

Why other options are wrong:

* Option B (5 nodes): Counts the endpoints too.
* Option C (f, = 400 Hz): Uses f, = 4v/L (wrong formula, off by factor 2).

* Option D (4 nodes): Off by one — confuses n with n — 1.

Final Answer: f, = 200 Hz, 3 interior nodes = (A)

Answer: (C) \ Go Back to Q20
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a8 Solution |

Concept: Energy conservation for rolling without slipping: mgh = 1mv? 4+ L1w?.
For solid cylinder: T = M R?/2, rolling condition v = Ruw.
1 1 MR? v? Mv? Mv? 3Mv?
Step1 —E tion: Mgh = ~Mv*+- —— — = = .
ep nergy equation: Mg 5 Mv + 5 "5 e > + 1 A
4gh

V= —_—.

3

Step 2 — Acceleration: Force equation along incline: Mgsinf— f = Ma. Torque:
fR=Ia= MTR2 - % = f = Ma/2. Substituting: Mgsinf — Ma/2 = Ma = a =
2gsinf

5

Step 3 — Compare with sliding: Without rolling: v = \/2gh (faster). Rolling
slows the object because some energy goes into rotation.

Why other options are wrong:

* Option B (v = \/2gh, a = gsin#): For frictionless sliding (no rotation) —
ignores rotational KE.

* Option C: Incorrect [ used.

* Option D: Wrong acceleration formula.

Final Answer: v = \/4gh/3, a = 2gsin6/3 = (A)

Answer: (D) \ Go Back to Q21
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— \

Concept: Angular momentum about the pivot is conserved during the collision

(no external torque). Lictore = Later-

L
Step 1 — Initial angular momentum (ball about rod centre): L, = muy- > (ball
hits at end, which is L/2 from pivot).

Step 2 — Final moment of inertia: I, = ML?/12 (rod about centre). [.; =
m(L/2)? = mL?/4. Ly = ML?/12 + mL?/4.

. L mugL /2
Step 3 — Angular velocity: mu - 5 = Liota] - W. w = ML2/120+/mL2/4 =
6mug
(M +3m)L’
Note: Option B is the full correct expression written out. Simplifying: w =
mugL /2 6mug

L2(M/12 + m/4) ~ (M +3m)L’
Why other options are wrong:
e Option A (6muv,/(M + 6m)L): Wrong denominator factor.

e Option C (muvy/(ML)): Ignores ball’s contribution to / and misses the mo-
ment arm.

* Option D (2muvy/(ML)): Partial calculation error.

. . mugL/2
Final Answer: w = VT2 § mi?/A = (B)
Answer: (B) ‘ Go Back to Q22
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a8 Solution |

Concept: & = —d®/dt. ® = Ba®. Peak EMF = Bywa®. Peak current = &,/R.

Step 1 — Flux: ® = B - a? = Bysin(wt) - a®.

Step 2 — Peak EMF: &, = Bywa? =2 x 100 x (0.1)> =2V.

Step 3 — Peak current: [, = & /R =2/1 =2A.

Why other options are wrong:
e Option B (0.2A): Uses a = 0.01 m (area = 10~* m?) instead of a? = 0.01 m?.
e Option C (20 A): Overcounts a? by 10.

e Option D (0.02 A): Uses R = 1002 instead of 1.

Final Answer: [, = = (A)

Answer: (B) ‘ Go Back to Q23
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Q24.

a8 Solution | \

Concept: Transformer: V,/V; = Ny/N;. Efficiency 100%: Vi1 = Vals.
Step 1 — Secondary voltage: V, = V; x (Ny/N;) = 220 x (100/500) = 44 V.
Step 2 — Secondary current: [, = Vo/R;, = 44/8 = 5.5A.
. . . Vols
Step 3 — Primary current (100% efficiency): Vi, = VLol = [} = Vv =
#“x55_242 '
220 220 7
Step 4 — Power transferred: P = V5[, =44 x 5.5 =242W (= V1[; =220x 1.1 =
242 W V).
Why other options are wrong:
* Option B (/; = 27.5 A): Confuses primary and secondary currents.
* Option C: Uses step-up ratio instead of step-down.
e Option D (P = 484 W): Doubles power by using V; for power.
Final Answer: [, =5.5A, I; = 1.1A, P =242W = (A)
Answer: (C) \ Go Back to Q24
. J
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a8 Solution |

Concept: Dimensional analysis: [n] = [F][r]/([A][v])-
Step 1 — Dimensions: [F] = MLT%; [r] =L; [A] =L?% [v]=LT""

MLT—2 - L B ML2T—2

_ —1m-1
[2.LT-!  [3T-! = ML

Step 2 — Combine: [] =

Step 3 — SI unit of viscosity: [7] = Pa-s=kgm's™! = ML~ !T!] /.
Why other options are wrong:
* Option B (MLT~2): Dimensions of force — not viscosity.

e Option C (ML~'T~2): Dimensions of pressure (Pascal) — not viscosity.

* Option D (dimensionless): Viscosity has dimensions.

Final Answer: [n)] = = (A)

Answer: (D) \ Go Back to Q25
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a8 Solution |

Concept: Orbital speed v, = /GMg/r. As r decreases (due to drag), vem
increases. This seems counterintuitive but the satellite “spirals inward” and gains
speed while losing total energy:.

Step 1 — Relationship between speed and radius: v = /GMg/r. As r de-
creases, v increases (v o< 1/4/7).

Step 2 — Energy analysis: Total energy £ = —GMgm/(2r). As r decreases (drag
removes energy), E becomes more negative (total energy decreases). Kinetic en-
ergy KE = +GMgm/(2r) increases, while potential energy PE = —GMgm/r
decreases by twice as much. Net result: KE increases even as total energy de-
creases.

Step 3 — Physical explanation: Drag does negative work, reducing total energy.
This causes the orbit to shrink. On the smaller orbit, the satellite moves faster
(more centripetal force needed to maintain orbit). The drag actually speeds up
the satellite while shrinking the orbit — a beautiful paradox of orbital mechanics.

Why other options are wrong:

* Option B (speed decreases): Confuses total energy with kinetic energy.

* Option C (constant): Only true for a frictionless circular orbit — drag
changes r.

* Option D: The speed monotonically increases as the orbit decays (until at-
mospheric re-entry).

Final Answer: Speed increases = (A)

Answer: (B) ‘ Go Back to Q26

collegedunia

35


https://collegedunia.com/exams/bitsat

BITSAT Sample Paper

Physics

Q27.

a8 Solution |

Concept: Capillary rise: h = 27T cos8/(pgr).

2 x0.072 0° 2x0.072x1
Step 1 — Substitute values: h = A X cos _ 2X y
0.144 1000 x 10 x 0.5 x 103 5

b 0.0288 m = 2.88 cm.

Step 2 — Verification: Numerator: 27" = 0.144Nm~!. Denominator: pgr
1000 x 10 x 5 x 1074 = 5Nm~2/m = 5Pam~". h = 0.144/5 = 0.0288 m v'.

Why other options are wrong:

* Option B (1.44cm): Half the correct answer — uses » = 1 mm instead

0.5 mm.
* Option C (5.76 cm): Doubles the correct answer — uses r = 0.25 mm.

e Option D (0.72 cm): Quarter of correct answer.

Final Answer: h = = (A)

Answer: (C) \ Go Back to Q27
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Q28.

a8 Solution | \

Concept: Half-wave rectifier output: only positive half-cycles pass. Average value

of Vjsinwt over a full cycle with half removed: V,,, = V;/7.

VWw 10
Step 1 — Average voltage: V,,, = -0 = = ~3.18V.
™ ™

Step 2 — Average current: [, = V,,/R;, = 3.18/1000 = 3.18 x 1073 A =
3.18 mA.

Step 3 — Comparison with full-wave: Full-wave rectifier gives V,,, = 2V,/7
(Option C) — twice the half-wave value.

Why other options are wrong:

e Option B (4/2): This is the average of | sin wt| — only for full-wave rectifi-
cation (and even there the formula is 2V} /7, not ;/2).

* Option C (2V/7): Correct for full-wave rectifier, not half-wave.

e Option D (1): The peak voltage, not the average.

Final Answer: V,,, = Vi /7 ~ 3.18V, [, = 3.18 mA = (A)

Answer: (D) \ Go Back to Q28
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a8 Solution |

Concept: Identify which statement about EM waves is incorrect.

Step 1 — Check each option:

Option A: EM waves carry energy (o< EZ) and momentum (P = U/c). Correct
statement — not the answer.

Option B: E,/B; = c in vacuum (derived from Maxwell’s equations). Correct
statement.

Option C: “EM waves require a material medium.” This is incorrect — EM waves
propagate in vacuum (in fact, Maxwell showed they can propagate through empty
space at speed ¢ = 1/,/1g€o). Light from stars reaches us through vacuum.

Option D: In an EM wave, E and B oscillate in phase (both reach maximum
simultaneously). Correct statement.

Step 2 — The incorrect statement is C.

Why other options are wrong: Options A, B, D are all correct statements about
EM waves.

Final Answer: Incorrect statement = C (“EM waves require a medium”) = (C)

Answer: (C) \ Go Back to Q29
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Q30.

a8 Solution |

Concept: Ip =1 —Io; a=I1c/lg; B=a/(1 —a)=1c/Ip.
Step 1 — Base current: Iz = I — [c = 5.0 — 4.9 = 0.1 mA.
Step 2 — a: a = Io/Ip = 4.9/5.0 = 0.98.
Step 3 — B3: B =Ic/Ip =4.9/0.1 =49 (or 8 = a/(1 — a) = 0.98/0.02 = 49).
Step 4 — Verify: flp =49 x0.1=49= 1.
Why other options are wrong:
* Option B (« = 0.96): Would require I/l = 4.8/5 = 0.96 — wrong.
e Option C (/5 = 0.5mA): Would give o = 4.9/5.4 # 0.98.

* Option D (5 = 98): Would require o = 0.99, giving I = 4.95 mA.

Final Answer: Iz = 0.1mA, o = 0.98, 5 =49 = (A)

Answer: (C) \ Go Back to Q30
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