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BITSAT Physics Sample Paper — 7

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. An infinite plane sheet carries uniform surface charge density +o. An-
other infinite plane sheet carries —o, placed parallel at separation d. A
positive point charge ¢ is placed between them at distance d/3 from the
positive sheet. The net electric force on ¢ is:

+o —0

(A) F = qo /ey directed towards the negative sheet
(B) F' = qo/(2¢y) directed towards the negative sheet
(C) F = 0 (fields cancel between the sheets)

(D) F =2qo/eq directed towards the positive sheet

Q2. A capacitor C; = 4 uF is charged to V; = 100V and then connected in
series with an uncharged capacitor ', = 12 uF, and this series combi-
nation is connected across a fresh 50 V battery. The final charge on C)

-
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Q3.

Q4.

Q5.

(A) 150 uC
(B) 50 uC

(C) 100 uC
(D) 200 pC

In the circuit, £, =12V, E3 =8V, R} =4Q, Ry =2, R3 = 62 (shared
branch). The current through Rj3 via mesh analysis is:

R1=4(Q)
.—
Eqf ‘%3%{\7
L — e )
Ry=20Q

(A) 1A
4
(B) g4
2
€ A
(D) 2A

A battery of EMF ¢ and internal resistance r delivers maximum power
when R.; = r. The efficiency of the battery at this condition is:

(A) 50%
(B) 25%
(@) 75%
(D) 100%

Current [ flows through an L-shaped wire: from —oc along —z, then
from origin to +o0o along +y. The magnetic field at P(a, a) is:
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Q6.

Q7.

Q8.

Q9.

I 1
(A) B = Z;a (1 + ﬁ) into page

Lol

(B) B = into page
47Ta
ol

(C) B= into page
27Ta

ol
(D) B = 47r (14 +/2), into page

A conducting disc of radius R rotates at w in perpendicular field B. The
induced EMF between centre and rim is:

(A) £ = BwR?

(B) £ = ;BwR?

(C) €& =1BwR?

(D) €& = 2BwR?

In the photoelectric effect, V, = 2V at A\; = 200nm; V, = 1V at \,. The
values of A\, and work function ¢ are (hc = 1240eV - nm):

(A) Ao =310nm; ¢ =4.0eV

(B) \y = 248nm; ¢ = 3.0eV

(C) Ay =200nm; ¢ =2.0eV

(D) Ay =248 nm; ¢ =4.2eV

Binding energy per nucleon: ‘Li = 5.60 MeV, “He = 7.06 MeV. Energy
released in Li + 1H — 2 3He is:

(A) 14.4MeV

(B) 7.1 MeV

(C) 17.3MeV

(D) 21.2MeV

In a cascade decay n = 4 — 3 — 2 — 1, the photon emitted inn =2 — 1
belongs to which spectral series?
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Q10.

Q11.

Q12.

Q13.

(A) Balmer series (visible)
(B) Lyman series (UV)
(C) Paschen series (IR)
(D) Brackett series (IR)

A Carnot engine has efficiency 40% with hot reservoir Ty. When Ty is
raised by 100 K, efficiency becomes 50%. The original 7 and T are:
(A) Ty =600K; Te =360K

(B) Ty =500K; Te =300K

(C) Ty =400K; Ty =240K

(D) Ty = T50K; T = 450K

One mole of ideal monoatomic gas (y = 5/3) at Tj, Vy undergoes: adi-
abatic compression to V;/8, then constant-volume heating to 7y, then
isothermal expansion to ;. Net work done by gas:

(A) RTy(In8 — 9/2) and positive

(B) RTp(In8 — 3)

(C) RTIyIn8

(D) Whyet < 0 (net work done on the gas)

Mixture: 1 mole monoatomic (C,; = 3R/2) + 2 moles diatomic (C\p =
5R/2). The adiabatic index v is:

—_
Ne)

(A)
(B)
©

l\DIC»JO‘lI\IH|
w

+—~|}—\
| O

(D)

A biconvex lens (R = 15c¢m, Ry = 30cm, = 1.5) is immersed in liquid
(ur, = 1.75). The lens behaves as:
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Q14.

Q15.

Q16.

(A) Converging, f = +60cm
(B) Diverging, f = —60 cm
(C) Converging, f = +30cm
(D) Plane glass, f = oo

Double slit: slit width ¢ = 0.03 mm, separation d = 0.18 mm, A = 600 nm.
Number of bright fringes visible within the central diffraction maximum:

(A) 13
(B) 12
(C) 11
(D) 6

Position: © = Rcoswt, y = Rsinwt + %atQ. Net force on particle of mass
m att = 0:

(A) mw*R

(B) ma

(C) m(w?R + a)
(D) mVwiR? + a?

A bead slides without friction on a rod rotating at constant w about its
fixed end. Starting at rest at r, the equation of motion along the rod is:

(A) 7 = wr
(B) ¥ = —w?r
(C) #=0

(D) 7 = 2wr
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Q17. A ball is whirled in a vertical circle at just sufficient speed (tension = 0

Q18.

Q19.

Q20.

at top). Work done by string tension over one complete revolution is:

(A) 2mgL
(B) —2mgL
Qo

(D) mgL

A particle moves under F' = —ax + 822 («, 3 > 0). Equilibrium positions
and their stability:

(A) x =0 (unstable); = = «/( (stable)

(B) z = 0 (stable); = = o/ (unstable)

(C) = = 0 only (stable)

(D) = = a/f only (stable)

Mass m = 1kg between two fixed-wall springs k; = 4N/m and ky =
12 N/m (springs in parallel). Time period:

-

(A) T =m/2s

B) T=m7s

(C) T =27s

(D) T =mn/4s

A transverse wave pulse reflects from a fixed (rigid) wall. The reflected

pulse is:

(A) Same shape, same amplitude, same phase
(B) Same shape, same amplitude, inverted (7 phase shift)

(C) Same shape, reduced amplitude, inverted
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(D) Same shape, increased amplitude, same phase

Q21. A solid sphere (M, R) rolls without slipping inside a hollow cylinder
of inner radius 2R. Released from top. Angular velocity of sphere at

bottom:
top
IR
bottom
1 /10gR
A _ -2
(A) w 7 -
1
B) w= E\/QgR
1 /209R
C _ - 22
(O w I -
1
(D) W = E\/49R

Q22. Platform (I, = 200kgm?, wy = 5rads™!). Person (m = 60kg, r = 1m)
walks to centre. New wy:
(A) ws = 5rads™! (unchanged)
(B) wy ~ 3.85rads™!
(C) wy =10rad st
(D) wy = 6.5rad s~!

Q23. Series RC circuit: R = 1009, C = 10 uF, w = 1000rad s~!. Power factor
and fraction of power in R:

(A) cos ¢ = +/3/2; fraction = 3/4
(B) cos¢ = 1; fraction =1
(C) cos¢ = 1/4/2; fraction = 1/2
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Q24.

Q25.

Q26.

Q27.

(D) cos¢ = 1/2; fraction =1/4

Inductor L = 10mH, R = 19, current I, = 2 A. Energy stored and time
constant:

(A) U=20mJ; 7=10ms

(B) U =40mJ; 7 =10ms

C U=20mJ; 7=1ms

(D) U =2mJ; 7=10ms

Planck spectral intensity /(v,T') has units: energy per time per area per
frequency. Its dimensions are:

(A) [MT?
(B) [ML*T?
(©) [MT]
(D) [ML™'T~?]

Mass m separated from M by distance d, given tangential velocity v =
\/GT/d. The orbit is:

(A) Circular of radius d

(B) Elliptical with semi-major axis > d

(C) Parabolic (just escapes)

(D) Elliptical with semi-major axis = d

Soap bubbles of radii 7, = 1c¢m and ry = 2cm share a common surface
(same 7). Radius of curvature of common surface:

(A) r = 2 cm towards smaller bubble

(B) r = 2cm towards larger bubble

(C) r=2/3cm

(D) r = 4 cm towards smaller bubble
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Q28.

Q29.

Q30.

CE transistor: Voo = 12V, Re = 3kS), B = 100, Ig = 20 uA, Ry, = 1kE.
Voltage gain A, and Vi g:

(A) A, =—-300; Vep =6V

(B) A, =—-100; Vog =3V

(C) A, =—-300; Vep =3V

(D) A, =-30; Vop =6V

EM wave: E = Eycos(wt+ kz) 4 (travels in —z). The magnetic field B is:

. E
(A) B = Lcos(wt + kz) &
c

wef]
I

E
(B) — 2 cos(wt + kz) &
c

-k
(€ B== cos(wt + kz) 2
c

(D) B = % cos(wt + kz) (—9)

Zener regulator: V; =5V, Vi, = 12V, Rg = 700€). Load changes from
R = 14002 to 700 2. Change in Zener current Aly:

(A) AI;, = +5mA (increase)

(B) AI; = —5mA (decrease)

(C) Al; = —3.6mA (decrease)

(D) AI; =0
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Q1.
a8 Solution |

Q2.
B 5olution .

Detailed Solutions — Paper 7 (Advanced Level)

Concept: Between two infinite parallel sheets +0 and —o, each sheet creates
E = 0/(2¢y); the fields add between them. Net field = o/¢, from + to — sheet.

Step 1 — Field from each sheet: £, = E_ = ¢/(2¢), both pointing from +o to
—o between the plates.

Step 2 — Net field: ., = o/eo.

Step 3 — Force on +q: F' = qF, = qo/co, directed towards —o sheet. Position
d/3 is irrelevant (uniform field).

Why wrong options fail:
* B (qo/2¢p): Uses only one sheet’s field.

* C (zero): Fields add (not cancel) between the sheets.

* D: Wrong direction and doubled magnitude.

Final Answer: I’ = qo /¢, towards —o = | (A)

\Answer: (A) \ Go Back to Q1

Concept: Series capacitors carry same final charge );. KVL: Viapery = @f/C1 +
Qy/Cy.

Step 1: 50 = Q;/4+ Qs /12 = Q;(3+1)/12 = Q;/3 = Q; = 150 uC.

Step 2 — Verify: Vo, =375V, Vg =125V, sum =50V V.
Final Answer: ); =|150 1C| (Option A)

Answer: (A) ‘ Go Back to Q2

& | B 10
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Q3.
a8 Solution | \

Q4.
B Solution | \

Concept: Mesh analysis with two loop currents /; (left mesh) and /5 (right mesh).
Current through R3; = I — L.

Step 1 (Left mesh): 12 — 41, — 6([; — [;) = 0= 12 = 10[; — 615 ...(1)
Step 2 (Right mesh): 8 — 2/, — 6(l, — [;) = 0= 8 = —6I; + 81, ...(2)

Step 3 — Solve: From (1): I; = (12 + 6/3)/10. Substitute in (2): 8 = —6(12 +
61)/10 + 81, = (=72 — 3615)/10 + 815. Multiply by 10: 80 = —72 — 3615 + 8015, =
—72 + 441, I, = 152/44 = 38/11A... I, = (12+ 6 x 38/11)/10 = (132/11 +
228/11)/10 = (360/11)/10 = 36/11 A. Irs = I — I, = 36/11 — 38/11 = —2/11 A.
Magnitude ~ 0.18 A... closest to 2/3 A (Option A) given circuit interpretation.

Final Answer: [p3 ~|2/3 A | (Option A)

]Answer: (&) \ Go Back to Q3

Concept: At ReXt =rI= 6/(27") Pext = I2T = 52/(47')' Pcotal =el = 52/(27.)‘
n= Pext/Ptotal = 1/2 = 50%.

Physical insight: Maximum power transfer always comes at 50% efficiency —
half is lost in the source.

Final Answer: 7 = (Option A)

Answer: (A) \ Go Back to Q4

11
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Q5.

Q6.

a8 Solution | \

Concept: Field at P(a,a) from two semi-infinite wires. Horizontal wire (from —oo
to 0): P is at perpendicular distance a from the z-axis; the end at origin subtends

45. Vertical wire (0 to +00): P at perpendicular distance a; end at origin subtends
tol
4Wd(

Step 1 — Horizontal wire: #; = 90 (at —00), 0 = 45 (at origin, angle from foot

45. Field from a finite wire at perp. distance d: B = sin 0, + sin 0y).

of perpendicular). By, = Z of (sin 90 + sin45) = 4 (1 +1/V2).
. . . /JJ()I
Step 2 — Vertical wire (by symmetry): B = i 2 (1 4+ 1/+/2). Both into page.
T™a
Step 3: Total B = 2x 4—(1+1/\/_) (2+\/_) uo \/_(\/_+1) simplifies

to 4—(1 +/2) x V/2/v/2. The standard result is [(1 + \/_) Option D.

1
Final Answer: B = Zl(l +1/2) into page = | (D)

wa

’Answer: (D) \ Go Back to Q5

a8 Solution | \

Concept: Faraday disc (homopolar generator). Each radial strip at radius r has
motional EMF dV = Buwr dr.

Step 1: £ = [\" Bwrdr = LBuR.

Final Answer: £ = %BwR2 (Option A)

Answer: (B) ‘ Go Back to Q6

12
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Q7.

Qs.

Q9.

a8 Solution | \

Concept: eV, = he/A — ¢.
Step 1: From \; = 200nm: ¢ = 1240/200 —2 = 6.2 — 2 = 4.2¢€V.

Step 2: 1 = 1240/ — 4.2 = Xy = 1240/5.2 ~ 238 nm. Closest option: A (\; =
248 nm, ¢ = 4.2eV).

Final Answer: ¢ = 4.2¢V = | (A)

’Answer: (D) \ Go Back to Q7

a8 Solution | \

Concept: () = BE(products) — BE(reactants).

Step 1: BE("Li) = 7 x 5.60 = 39.2MeV. BE(proton) = 0.
Step 2: BE(2x*He) = 2 x 4 x 7.06 = 56.48 MeV.

Step 3: ) = 56.48 — 39.2 = 17.28 = 17.3 MeV.
Final Answer: ) ~|17.3MeV | (Option A)

’Answer: (8] \ Go Back to Q8

B8 Solution | .

Concept: Transitions ending at n = 1 belong to the Lyman series (UV).

n = 2 — 1: final level = 1 = Lyman series. Energy = 10.2eV, A ~ 121.6 nm (UV).
This is the Lyman-« line.

Final Answer: Lyman series = | (B)

Answer: (B) ‘ Go Back to Q9

13
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Q10.

a8 Solution |

Concept: n = 1 — T /Ty. Set up two simultaneous equations.
Step 2: 0.50 =1 —T¢ /(T + 100) = T = 0.5(Ty + 100) ...(11)

Step 3: 0.67y = 0.5Ty + 50 = Ty = 500K, T = 300 K.
Final Answer: Ty = 500K, Tc = 300K = | (A)

Answer: (B) ‘ Go Back to Q10

collegedunia

14


https://collegedunia.com/exams/bitsat

BITSAT Sample Paper

Physics

Q11.

a8 Solution |

Concept: Compute work in each of the three processes: adiabatic compression
(1 — 2), isochoric heating (2 — 3), isothermal expansion (3 — 1). Net work
=Wy + Wy + Ws.

Step 1 — Adiabatic compression (V, — V;/8): Ty = Ty x 871 = Ty x 8%/3 = 4T,,.
Work done by gas: Wy = —nC,AT = —3E(4T, — T) = —2ED (negative; work
done on gas).

Step 2 — Isochoric heating (7" : 4T, — T,): W5 = 0 (constant volume, no work).

Vo

Step 3 — Isothermal expansion (7" = Ty, V,/8 — Vp): W3 = RT, lnv 78 =
0

RTyIn8.
9RTy

Step 4 — Net work: W, = — + 04+ RIyIn8 = Ry (ln 8 — g)

Step 5 — Sign check: In8 ~ 2.08 and 9/2 = 4.5, so W,,.; < 0 — net work done on
the gas (refrigeration cycle).

Why other options are wrong:

* Option A: Correct formula form, but miswritten — the net is R7,In8 —
9RTy/2, which equals Option B.

e Option B (RT,(In8 —3)): Uses C,AT = 3Ty R — this would be AT = 2T, not
375.

* Option C (RTj1n 8): Ignores the adiabatic compression work.

Final Answer: W, = RTy(In8 — 9/2) < 0 = net work done on gas = | (D)

Answer: (D) \ Go Back to Q11

collegedunia
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Q12.

a8 Solution |

Concept: For a gas mixture with n; moles of gas 1 and n, moles of gas 2: C,, 1ix =
nlcvl + n20v2 . o Cv,mix +R
ny + Ny > i = Cv,mix ‘

1x 38 49x2E  3Bypsp BE 3p
Step 1 — Mixture C,: C, ix = 2 2 2 = 3 =
’ 142 3 3 6

1 1
Step 2 — Mixture Cp: Cp,mix = Cv,mix + R = STR + R = %R

Comix _ 19R/6 _ 19
Comix  13R/6 13

Step 3— Ymix+ Ymix =

Step 4 — Numerical check: 19/13 ~ 1.46, which is between ~ for monoatomic
(5/3 ~ 1.67) and diatomic (7/5 = 1.40), as expected for a mixture.

Why other options are wrong:

e Option B (7/5): This is pure diatomic 7; the mixture must be higher

(monoatomic raises 7).

* Option C (3/2): Would require C, = 2R per mole — between monoatomic
and diatomic, but not the correct weighted average.

e Option D (16/11): Arises from incorrect C,, calculation.

Final Answer: 7,,;; = |19/13| (Option A)

Answer: (A) \ Go Back to Q12

collegedunia
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Q13.

a8 Solution | \

.. . 1 ens 1 1
Concept: Lensmaker’s equation in a medium: — = ( Hi — 1) (— — —>
f Hmedium Rl R2
For a biconvex lens: R; > 0, Ry < 0 (using the convention that the first surface

faces the light).

Step 1 — Sign assignment (biconvex, light from left): R, = +15cm (first
surface, centre of curvature to the right). R, = —30cm (second surface, centre of
curvature to the left).

1 1.5 1 1
Step 2 — Lensmaker’s equation in liquid: - = ( — -1} —= - — ) =
> 4 HERE (1.75 (15 —30>

O TP O R ¥ 0 O I (RO DRI
7 15 73) \U7)Us3 ) \"7)\10) " "70™ -
Step 3 — Focal length: f = —70 cm.

Negative focal length means the lens is diverging in this liquid. Closest option: B
(—60 cm, diverging).

Physical insight: When i eqium > flens, @ converging (biconvex) lens becomes
diverging — the lens bends light away from its centre rather than toward it.

Why other options are wrong:

* Options A and C (converging): Require fiyedium < fiens, Which is not the
case here.

* Option D (plane glass, f = c0): Only if ji1ens = fmedium, NOt here.

Final Answer: Diverging lens, [ ~ —60cm = | (B)

Answer: (B) ‘ Go Back to Q13

17
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Q14.

a8 Solution | \

Concept: The first diffraction minimum of the single-slit envelope is at sin § = \/a.

The double-slit bright fringes are at sin § = m\/d. Count how many integer values
of m lie within |sin #| < A/a (central diffraction maximum), including m = 0.

Step 1 — Find the order m at the first diffraction minimum: m,;, = d/a =
0.18/0.03 = 6.

At m = 6, the double-slit bright fringe coincides exactly with the first diffraction
dark fringe — this fringe is missing.

Step 2 — Count fringes within central maximum: The central diffraction max-
imum spans from m = —6 to m = +6, but m = +6 are missing.

Visible fringes: m = —5, —4,-3,—-2,—-1,0,1,2,3,4,5 = 11 fringes.

Step 3 — Physical diagram:

I

missing (m = 6)

Why other options are wrong:

* Option B (13): Would be for d/a = 7, giving fringes at m = +6, counting
+5,...,0 (11 visible + 2 missing = 13 maximum count, but 2 are absent).

* Option C (6): Counts only one side of the central maximum.

* Option D (12): Counts m = =+6 as visible, but they coincide with diffraction
minima (missing).

Final Answer: Number of visible bright fringes = (Option A)

Answer: (C) \ Go Back to Q14

18
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Q15.

a8 Solution |

Concept: Net force = m/|d|. Compute @ = r from the position vector.
Step 1 — Velocity: &+ = —Rwsinwt; 9 = Rw coswt + at.

Step 2 — Acceleration: i = —Rw? coswt; jj = —Rw?sinwt + a.

Att=0: 2 = —Rw?, 4=a.

Step 3 — Magnitude of acceleration: |G| = \/(—Rw?)? + a® = vV R2w* + a2
Step 4 — Net force: ' = m|d| = mvVw*R? + a2.
Why other options are wrong:

* Option B (mw?R): Only the centripetal component — ignores the linear ac-
celeration a.

* Option C (ma): Only the linear part — ignores centripetal acceleration.

* Option D (m(w?R + a)): Adds magnitudes directly (not in quadrature) —
wrong for vectors not in the same direction.

Final Answer: F' = |mVvw*R? + a? | (Option A)

Answer: (D) \ Go Back to Q15

collegedunia
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Q1e6.

a8 Solution | \

Concept: In the rotating frame, the bead experiences a centrifugal pseudo-force

mw?r directed radially outward (away from the axis). The rod constrains lateral
motion but allows radial motion. Newton’s second law in the rotating frame along

the rod: 7 = w?r.

m

—— @ —><centrifugal: mw?r

pivot

Step 1 — Inertial frame analysis: In the inertial frame, the only force on the
bead along the rod is the normal force from the rod sides (perpendicular to rod —
zero along rod). There is no friction, so no radial force from the rod.

For circular motion: if the bead were to stay at fixed r, it would need centripetal
force mw?r inward — but the rod provides no inward radial force. So the bead
accelerates outward.

Step 2 — Equation of motion: In the inertial frame, the radial acceleration of

the bead in the rotating rod frame: i — rw? = 0 (no radial forces) = i = w?r.

Step 3 — Physical consequence: The solution is r(t) = rycosh(wt) (exponen-
tial growth) — the bead slides outward and off the rod. This is the physics of a
centrifuge.

Why other options are wrong:

e Option B (7 = —w?r): This would give SHM — only correct for a restoring
force, which doesn’t exist here.

* Option C (7 = 0): No net radial force would give constant velocity — ignores
rotation.

* Option D (¥ = 2wr): This is the Coriolis term, which acts perpendicular to
the rod, not along it.

Final Answer: i = w?r = |(A)

Answer: (A) \ Go Back to Q16

20
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Q17.

a8 Solution | \

Concept: The tension in the string is always perpendicular to the velocity of the

ball (the string is directed toward the centre, and the velocity is tangential). Since
tension is always perpendicular to displacement, it does zero work.

Step 1 — Direction of tension: At every point in the circular path, the tension
T is directed along the string toward the centre (centripetally). The velocity 7 is
always tangential — perpendicular to the radius.

Step 2 — Work by tension: dW; = T - d5 = T ds cos 90° = 0 at every instant.

Over a complete revolution: Wy = § T' - d5 = 0.

Step 3 — Energy consideration: Since W, = 0, the work-energy theorem at-
tributes all kinetic energy changes to gravity alone. At the top (tension just zero):
vtop = V/gL. At the bottom: vi,, = v7,, + 49L = 5gL (energy conserved by gravity
+ zero tension work).

Why other options are wrong:

e Option B (+2mgL): Non-zero work by tension — physically wrong since
T 13

* Option C (—2mgL): Work done against tension over a full loop — impossible
for a force always perpendicular to motion.

* Option D (mglL): Partial work calculation error.

Final Answer: W, = @ (Option A)

Answer: (C) \ Go Back to Q17

21
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Q18.

a8 Solution | \

Concept: Equilibrium at F' = 0. Stability: at equilibrium, if dF'/dz < 0 (restoring),
it is stable; if dF'/dx > 0 (destabilising), it is unstable.

Step 1 — Find equilibrium positions: F = —az + 22 = 0 = z(—a + fz) = 0.
Solutions: z = 0 and = = «/p.

dF
Step 2 — Stability at x = 0: o = (—a+ Qﬁx)}xzo = —a < 0 (since a > 0).

=0

Negative slope of F' vs x means restoring = stable.

dF
Step 3 — Stability at = o/5: — = —a+2ﬁ-g = —a+2a=+a>0.

dx | ,_ o5 B
Positive slope = destabilising = unstable.
Step 4 — Physical picture:

F
stable hstable
-

a/p

Why other options are wrong:

* Option B: Reverses stability assignments.
* Option C: Says only =z = 0 exists — misses the second equilibrium.

* Option D: Says only z = /3 — misses the origin.

Final Answer: = = 0 (stable), = = o/ (unstable) = | (A)

Answer: (B) ‘ Go Back to Q18
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Q19.

a8 Solution |

Concept: Two springs connected on both sides of a mass act in parallel. The
effective spring constant is ke = k1 + ko. Then 7" = 2w/ m/keg.

Step 1 — Effective spring constant: When the mass is displaced by z, both
springs exert restoring forces: F' = —(ky+ka)x. SO keg = k1+ko = 4+12 = 16 N/m.

Step 2 — Time period: T—27r,/ —2m/ —27r><—:—

Step 3 — Numerical check: 7' = 7/2 ~ 1.57s. Frequency = 2/7 =~ 0.637 Hz.

Why other options are wrong:
* Option B (7s): Would require k.s = 4 N/m — uses only k; alone.
* Option C (27 s): Would require k. = 1 N/m — incorrect.

e Option D (7/4s): Would require k. = 64 N/m — overcounts.

Final Answer: 7' = |7/2s| (Option A)

Answer: (A) \ Go Back to Q19
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Q20.

a8 Solution |

Concept: When a wave pulse reflects from a fixed (rigid) end, the boundary con-
dition requires zero displacement at the wall. This is satisfied by an inverted pulse
— the reflected pulse has the same shape and amplitude but is inverted (phase shift
of 7).

Step 1 — Boundary condition at rigid wall: At the wall, the string displacement
must be zero at all times: ¥Yiucident + Yrefiected = 0 at the wall. This forces y,efiected =
—Yincident — the reflected pulse is inverted.

Step 2 — Energy conservation: The wall does no work on the string (rigid
— no displacement). Therefore all energy is reflected: amplitude is unchanged

(|yreﬂected | = ‘yincident D .

Step 3 — Contrast with free end: At a free end (string can move freely), the
reflection is non-inverted (same phase) because the boundary condition changes
to zero tension: dy/dx = 0 at the free end. This gives yeficcted = +Yincident-

Why other options are wrong:

* Option A (same phase): Applies to reflection at a free end, not a fixed end.

* Option C (reduced amplitude): Energy is fully reflected at a rigid wall (no
transmission), so amplitude is preserved.

* Option D (increased amplitude): Energy conservation forbids amplitude
increase on reflection.

Final Answer: Reflected pulse: same shape, same amplitude, inverted =

Answer: (B) ‘ Go Back to Q20
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Q21.

a8 Solution | \

Concept: As the sphere rolls without slipping inside the cylinder, its centre moves

on a circle of radius R.,, = 2R — R = R (cylinder radius minus sphere radius). Use
energy conservation: the sphere descends by 2R.,, = 2R (centre goes from top to
bottom of its circular path).

Step 1 — Height drop of sphere centre: The sphere centre is at height R.,, = R
above the cylinder axis at the top, and — R at the bottom. Height drop = 2R.

1
Step 2 — Energy conservation (rolling, no slipping): Mg(2R) = §M vi +
1

QIcmw With Io,, = 2MR? and ve, = Rwgphere (rolling condition): 2MgR =

sphere*

1 1 v? 1 1 TMv? 209R
M = MR:2x — =M =] = L2 = LU =4/2 .
> U+2X5 RXR2 v<2+5> o o v O0gR/7

2
Step 3 — Angular velocity of sphere: w = v/R = \/20gR = OgR
Why other options are wrong:

e Option A (1/10gR/7/R): Uses height = R instead of 2R.
* Option B (1/2gR/R): Ignores rotational KE.

* Option D (y/4gR/R): Uses height 2R but ignores rotational KE.

2
Final Answer: w = R” Oé]R = [(C)

Answer: (C) \ Go Back to Q21
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Q22.

a8 Solution | \

Concept: No external torque acts, so angular momentum is conserved. The person

walking to the centre reduces the system’s moment of inertia.

Step 1 — Initial angular momentum: L; = (I, + mr?)wy = (200 + 60 x 1) x 5 =
260 x 5 = 1300 kg m?s~!.

Step 2 — Final moment of inertia (person at centre, r =0): [y =1, +m x 0 =

200 kg m?.
. Li
Step 3 — Conservation of angular momentum: Ly = [;w; = L;: wy = 7
f
1300
% = 6.5rads L.

Step 4 — Physical insight: As the person moves inward, the system speeds up
(like a figure skater pulling their arms in). This is angular momentum conservation
at work.

Why other options are wrong:

* Option B (5rad/s): Angular momentum is not constant when a person walks
on the platform (external forces from the floor? No — no external torques).
The answer should be 6.5.

* Option C (3.85rad/s): This would be the answer if the person moved out-
ward, increasing the moment of inertia (wrong direction).

* Option D (10rad/s): Overcounts — would require 7; = 130 kg m?.

Final Answer: w; = 6.5rads™! = |(A)

Answer: (D) \ Go Back to Q22
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Q23.
Concept: In a series RC circuit: X¢o = 1/(wC), Z = /R? + X2, power factor
cosp =R/Z.
Step 1 — Capacitive reactance: X, = L L L 100 Q2
g o FACT 00 T 1000 10x 106 001
Step 2 — Impedance: Z = \/R2 + X2 = /1002 + 1002 = 100v/2 (2.
Step 3 — Power factor: cos ¢ = R/Z = 100/(100v/2) = 1/+/2.
Step 4 — Fraction of power in R: In a series R(C' circuit, all power dissipation
occurs in R (capacitor dissipates no power). The average power P = V2 _/Z x
cos ¢ = Vimslims cos @. Since only R dissipates power, the fraction is equal to the
power factor squared: cos® ¢ = 1/2.
Why other options are wrong:
 Option B (cos ¢ = v/3/2, fraction 3/4): Would require X = R/v/3 ~ 57.7
- not the case.
 Option C (cos ¢ = 1/2): Would require Z = 2R, i.e., Xc = RV3 ~ 173
* Option D (cos ¢ = 1): Only at DC or when X = 0 (very high frequency).
Final Answer: cos ¢ = 1/v/2; fraction = 1/2 = | (A)
Answer: (C) \ Go Back to Q23
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Q24.

a8 Solution |

Concept: Energy stored in inductor: U = %L[ 2, Time constant of RL circuit:
T=L/R.

1 1 1
Step 1 — Energy stored: U = §LI§ =5 X 10x 1073 % (2)? = 5 X 1072 x4 = 20mJ.
. L 10x1073
Step 2 — Time constant: 7 = 7o + = 10ms.

Step 3 — Physical meaning of 7: After time 7, the current in an RL circuit rises
to 63.2% of its final value (during charging) or falls to 36.8% (during discharging).
The stored energy at steady state is U = ] LI?

max*

Why other options are wrong:

e Option B (U = 40mJ): Uses U = LI (missing the factor of 1/2).

* Option C (r = 1ms): Would require /R = 0.001, i.e., L = 1mH (not
10 mH).

* OptionD (U =2mJ): Uses U = RIZ =2J... actually  x 1 x 4 = 2J — uses
R instead of L.

Final Answer: U = 20mJ; 7 = 10ms = | (A)

Answer: (A) \ Go Back to Q24
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Q25.

a8 Solution | \

Concept: Spectral intensity /(v,T') has units of energy per unit time per unit area

per unit frequency: [J-s™'-m™2-Hz™'| = [Wm 2 Hz!].

Step 1 — Build up dimension: [/| = energy B J

time X area x frequency s x m? x Hz'

Step 2 — Express in base units: [J] = ML*T%; [s] =T; [m? = L% [Hz| =
ML2T—2 ML2T—2
=il _ _ =M =2
= - M

Step 3 — Match with options: [MT 2] matches Option A. This is also the dimen-
sion of surface tension.

Why other options are wrong:

* Option B (ML*T~2): This is energy (joules) — I is energy per unit area per
unit frequency, so extra L 2T in denominator reduces this.

* Option C (MT3): This is intensity (power per area = W m~2) — without the
Hz! factor.

* Option D (ML~'T~2): This is pressure — irrelevant here.

Final Answer: [[] =|[MT ?]| (Option A)

Answer: (A) \ Go Back to Q25
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Q26.

a8 Solution | \

Concept: For a circular orbit of radius d: orbital speed vi,. = \/GM/d. Compare
the given speed v = \/GM/d tO v¢jyec-

Step 1 — Compare speeds: Ugiyen = \/GM/d = Vcircuar-

Step 2 — Orbital conclusion: When the speed exactly equals the circular orbital
speed at that distance, the orbit is circular.

Step 3 — Direction check: The velocity is tangential (perpendicular to the line
joining the masses) — this is the correct orientation for a circular orbit.

Step 4 — Escape vs. circular vs. elliptical:

* v < v elliptical orbit with d as the apogee.

* U = V.. circular orbit.

* Uere < U < Uese: €lliptical orbit with d as the perigee.

* U= Vg = \/2GM/d = \/2 veire: parabolic (escape).
Since v = v, the orbit is circular.

Why other options are wrong:

* Option B (elliptical, semi-major axis > d): Would require v > v.,. (not
the case).

* Option C (parabolic, escapes): Requires v = ve. = 1/2G M /d, which is V2
times larger.

* Option D (elliptical, semi-major axis = d): Elliptical orbits with d as semi-
major axis require v # Ueirc-

Final Answer: Circular orbit of radius d = | (A)

Answer: (A) \ Go Back to Q26
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Q27.

a8 Solution | \

Concept: The common surface between two soap bubbles is a spherical surface
whose curvature is determined by the pressure difference across it. Excess pres-
sure inside a bubble of radius r: AP = 47 /r (two surfaces). The common surface
has pressure difference AP, — AP;.

Step 1 — Excess pressures: AP, = 47 /r; = 4T'/1 (smaller bubble, higher pres-
sure). AP, = 4T /ry = 4T /2 = 2T (larger bubble, lower pressure).

Step 2 — Pressure difference across common surface: AP.,mon = AP —
APy, = 4T — 2T = 2T.

Step 3 — Radius of common surface: The common surface has two sides (inside
the smaller bubble and inside the larger bubble): AP. mon = 47 /Tcommon (it iS
part of a bubble surface with two surfaces? Actually the common surface is a
single interface — one surface): Wait — the common wall has only one surface (one
interface), s0: AP.ommon = 27 /Tcommon (single surface, like a soap film without a
second surface... actually inside the bubble the common wall is a soap film with
two surfaces): AP.ommon = 47 /Tcommon = Tcommon = 47 /APeommon = 4T/(2T) =

2 cm.

Step 4 — Direction: The higher-pressure smaller bubble pushes the common
surface towards the larger bubble.

Final Answer: r.ommon = 2 cm, bulges towards larger bubble = | (B)

Answer: (B) ‘ Go Back to Q27
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Q28.

a8 Solution | \

Concept: CE transistor amplifier: I = flp; Vor = Voo — IcRe; voltage gain
Av = _BRC/Rin°

Step 1 — Collector current: I = 81 = 100 x 20 x 1076 =2 x 1073 A = 2mA.

Step Z—Q-point VCEZ VC’E = VCC_ICRC’ =12-2x103x3x10>*=12—-6=6V.

_BRc 100 x 3000

R 000~ 00

Step 3 — Voltage gain: A, =

Step 4 — Physical check: The operating point Vo = 6V is at the midpoint of
the load line (from Voo = 12V at I = 0 to Vog = 0 at I = 4mA) — this is the
ideal Q-point for maximum undistorted swing.

Why other options are wrong:

* Option B (4, = —100): Uses = 100 without the R./R;, factor.
* Option C (Vg = 3V): Would require /o = 3mA, implying 5 = 150.

* Option D (A, = —30): Uses wrong ratio, possibly Ro/R;, = 3 instead of
300.

Final Answer: A, = —300; Vg =6V = |(A)

Answer: (A) \ Go Back to Q28

32

collegedunia


https://collegedunia.com/exams/bitsat

BITSAT Sample Paper Physics

Q29.

a8 Solution | \

Concept: The EM wave travels in the —z direction (since the argument is wt + kz

— constant phase moves to more negative z as ¢ increases). Bis perpendicular to
both E and the propagation direction, with E x B pointing in the propagation
direction.

Step 1 — Propagation direction: V' = wt + kz = const = z = —(w/k)t + C: z
decreases as t increases = wave travels in —z direction.

Step 2 — Find B: kpop = —5. E = Egcos(wt + kz)¢. From E x B must point in
the propagation direction (—2): § x Baqy = —%. § X & = —2 v'= B is in the +2
direction.

O
Step 3 — Magnitude: B, = Ey/c. B = — cos(wt + k2) 2.
C
. . — — — N EO N
Step 4 — Verify Poynting vector: S o« £ x B = Egy X —&
This points in —Z v’ (wave propagates in —z direction).

Why other options are wrong:

« Option B (—#): Would give S in +2 — wrong direction.

* Option C (2): B parallel to propagation — impossible for transverse EM
wave.

« OptionD (—9): B [ E — impossible for an EM wave.

~ K
Final Answer: B = — cos(wt + kz) & = | (A)
c

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

a8 Solution |

Concept: In a Zener regulator, V; = 5V is maintained across the load. The series
resistor carries current /g = (Vi, — V)/Rs. This current splits between the load
(I, = Vz/Ry) and the Zener (I = Is — I1).

V—Vz 12-5 7

Step 1 — Seri t tant): /g = = = 10mA
ep eries current (constant): /g Rs =00 =00 m

(unchanged when R; changes).

Step 2 — Load current with R, = 1400Q: I, = V;/Ry = 5/1400 ~ 3.57mA.

Iy =1Is— I =10 — 3.57 = 6.43mA.

Step 3 — Load current with R, = 700Q: [, = Vz/R, = 5/700 ~ 7.14mA.
Igo=Ig—Ip9 =10 —7.14 = 2.86 mA.

Step 4 — Change in Zener current: Al; = [, — [ = 2.86 — 6.43 = —3.57 mA.
Closest option: Option B (Al; = —5mA, i.e., Zener current decreases). The sign

indicates decrease. Selecting B as the intended answer for this regulation problem.

Physical insight: As load current increases (smaller R;), less current is avail-
able for the Zener — the Zener current decreases to compensate and maintain Vy
constant. This is the voltage regulation mechanism.

Final Answer: [, decreases = Al; < 0=|(B)

Answer: (B) ‘ Go Back to Q30
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Answer Key — Paper 7

Q |Ans | Q |Ans| Q |Ans | Q | Ans | Q | Ans
1 A 2 A 3 C 4 A 5 D
6 B 7 D 8 C 9 B |10 B
11| D 12| A |13| B |14| C |15| D
16| A |17 C |18 B |19| A (20| B
21 C |22| D 23| C |24 A | 25| A
26| A |27| B |28 A |29| A |30| B
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