Pravegaa Education

CSIR NET-JRF Physics - IIT JAM - GATE - JEST - TIFR

CSIR NET December 2025
Complete Verified Solutions

Parts A, B & C - All 75 Questions
Answers verified against NTA Official Key

Prepared by
Atul Gaurav and Dr. Alok J. Shukla

Founder Directors, Pravegaa Education

H.N. 28B/7, Jia Sarai, Near II'T Delhi, Hauz Khas, New Delhi — 110016

91-89207-59559 | pravegaaeducation@gmail.com | www.pravegaa.com



Pravegaa Education

CSIR NET Dec 2025 — Verified Solutions

NTA Official Answer Key : All 75 Questions

Q| Opt || Q|Opt || Q | Opt| Q|Opt| Q|Op
1 3 2 3 3 3 4 3 5 2
6 2 7 1 8 1 9 4 10 3
1] 2 12 4 13 3 4] 3 5] 3
16| 2 7] 1 18] 1 19 2 20 | 3
21 | 3 22| 4 23 1 241 1 25 [ 1
26 | 4 27| 3 28| 3 29 | 4 30| 2
31| 3 32 2 33| 4 34| 4 35 | 2
36 | 1 37| 3 38| 4 39 2 40 ] 3
41 1 421 2 431 2 447 4 45 3
46 | 1 471 3 48 ] 2 491 1 50 | 4
510 2 52 | 4 531 3 54 | 2 55 | 2
56 | 2 57 | 4 58| 3 59 | 4 60 | 1
61 | 2 62 3 63| 1 64 | 4 65 | 1
66 | 1 67| 3 68| 2 69 | 2 70 3
1] 3 72| 4 73] 4 4 1 52

NET-JRF - JAM - GATE - JEST - TIFR

+91-89207-59559



Pravegaa Education CSIR NET Dec 2025 — Verified Solutions

PART A — General Aptitude (Q1-Q20)

Q1. Largest volume object

Data Interpretation Volume = mass/density

From the density—mass figure, identify the object with the largest volume V = m/p.
Options: 1. A 2.B 3.D 4. E

’Answer: Option 3 Object D‘

Volume is given by V' = m/p. On a scatter plot of density p versus mass m, lines of constant volume
satisfy p = m/V, which pass through the origin with slope 1/V. Therefore, the object with the
smallest slope p/m (i.e., lowest density for its mass) has the largest volume.

From the figure, Object D has the lowest p/m ratio among all objects, giving the largest volume.
Hence Option 3.

Key Insight

On a p-vs-m plot, larger volume corresponds to a smaller slope from the origin. Do not confuse the
largest mass with the largest volume — they are entirely different quantities. Always check the m/p
ratio, not m alone.

Q2. Conditional probability: Physics given Maths

Probability Conditional probability
40% of students passed Maths (M), 20% passed Physics (P), 10% passed both. Find P(P |M).
1 1 1 2
ti s = %= .
Options 5 20 3 1 9%

Answer: Option 3 1/4‘

Using the definition of conditional probability:

_P(PNM) 010 |1
PP|M) = P(M) _0.40_'

Key Insight

P(A|B) = P(ANB)/P(B). The numerator is the intersection (both events), and the denominator is
the conditioning event. Never divide by P(A) instead of P(B) — that gives the reverse conditional.

Q3. Minimum pourings to get 6 L

Logical Reasoning State-space search, pouring puzzles

Transfer exactly 6 L from a 12L (full) container using an 8L and a 5L container (both initially
empty). What is the minimum number of pourings required?
Options: 1.4 2.5 3.6 4.7
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’Answer: Option 3 6 pourings‘

We trace all container states (12L, 8L, 5L) step by step:

Step ‘ 12L 8L 5L ‘ Action

0 12 0 | Start

Pour 12L — 8L (fill the 8L jug)

Pour 8L — 5L (fill the 5L jug)

Pour 5L — 12L (empty the 5L)

Pour 8L — 5L (pour remaining 3L)

Pour 12L — 8L (fill the 8L)

Pour 8L — 5L (top up: needs 2L; 8L goes from 8 to 6)

S U W N =
= = © O
S 00 O W W oo O
W W o oo

After step 6, the 8 L container holds exactly 6 L. This is achieved in 6 pourings, which is the
minimum. No 4- or 5-step path exists for this configuration, as exhaustive state-space search confirms.

Key Insight

Always track the full state of all containers at every step. Shortcuts (e.g., trying to eyeball a 4-step
path) lead to errors. A 4-step solution does not exist here; verify by attempting all branches.

Q4. Recurrence sequence: find aqg

Mathematics Periodic sequences, modular arithmetic

a;i—1 + a; + a;4q1 = 2025 for all i = 2,...,299. Given a7 = —5 and ag = 37. Find ajs.
Options: 1. 1993 2.37 3. -5 4.2030

’Answer: Option 3  aj06 = —5

Step 1: Establish periodicity.
Writing the recurrence at index ¢ and at index 7 + 1:

ai—1 + a; + a;41 = 2025, a; + a;+1 + a;+0 = 2025.

Subtracting: a;42 = a;—1. Thus the sequence repeats with period 3.
Step 2: Find asg.

At i =8: a7+ ag + ag = 2025 = —5 + ag + 37 = 2025 = ag = 1993.
Step 3: Classify ajog.

The repeating triple starting from a7 cycles as:

a7 = —5, ag — 1993, ag = 37, aip — —5, ail = 1993,

Offset of ajpg from a7: 106 — 7 = 99 = 33 x 3. Since 99 is an exact multiple of 3, we have
a106 = ar = -

Key Insight

Period-3 test: compute (n—7) mod 3. If remainder is 0, a,, = a7 = —5; if 1, a,, = 1993; if 2, a,, = 37.
Here 99 mod 3 = 0, so ajgs = —5. The trap is to compute ag = 1993 and mistakenly report that as
the answer.
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Q5. Total fertility rate below 2.1

General Studies Demography, TFR

The Total Fertility Rate (TFR) has fallen below 2.1. This necessarily implies that the. ..
Options: 1. infant mortality rate has increased 2. total population will decline 3. young popu-
lation grows faster 4. proportion of the elderly will decrease

’Answer: Option 2  Total population will decline

A TFR of 2.1 is the replacement-level fertility. When TFR < 2.1, each generation is smaller than the
one before it. In the long run, births cannot replace deaths, and the total population necessarily
declines.
Evaluating the other options:

e Option 1: Infant mortality is not directly implied by TFR. X

e Option 3: Fewer births means fewer young people — the opposite of faster growth. x

e Option 4: A shrinking young cohort increases the proportion of the elderly, not decreases it.

X

Option 2 is the only necessary consequence. v

Key Insight

Sub-replacement TFR = long-run population decline (though population momentum may delay the
actual decline by decades). Option 4 is a reversal of the correct demographic logic — falling fertility
ages a population, it does not reduce the elderly proportion.

Q6. Exam marks puzzle
Mathematics Integer partitions, Diophantine equations

Hard questions carry 7 marks, Medium carry 3 marks, Easy carry 2 marks. Three students each
score 30 marks in different ways, all answering the same total number N of questions correctly. Find
N.

Options: 1. 12 2.10 3.9 4.6

’Answer: Option 2 N = 10‘

Let h, m, e denote the number of Hard, Medium, and Easy questions answered correctly. We need:

Th+3m+2e=30 and h+m+e= N.

Subtracting 2x (second equation) from the first: 54 +m =30 — 2N, and e = N — h — m.
Test N =10: 5h+m =10,e=10—h — m.

m e ‘ Verification

10 0| 0+304+0=30V
5 4| 7+154+8=30V
0 8|14+0+16=30V

N = O[S

All three require h +m + e = 10. Three distinct ways exist for N = 10. v/
Test N = 6: 5h +m = 18. Only solution in non-negative integers is h = 3, m = 3, e = 0 (giving
21 4+ 9+ 0 = 30). That is only one way, so N = 6 fails the “three different ways” condition.

Therefore .
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Always verify the number of distinct non-negative integer solutions, not just whether one solution
exists. For N = 6 only one way exists; for N = 10 exactly three ways exist — satisfying the problem’s
condition.

Q7. Value of the harmonic series sum

Topic: Mathematics Subtopic: Series estimation, harmonic numbers

1 1 1 1
S:1+—+—+—+---+W. The value of S lies between:
Options: 1. 2 and 10 2. 11 and 20 3. 21 and 30 4. 31 and 40

‘Answer: Option 1  Between 2 and 10

This is the harmonic number Hjp23. Using the asymptotic formula H,, =~ Inn + v, where v =~ 0.5772
(Euler-Mascheroni constant):

Hip23 ~ In(1023) + 0.5772 ~ 6.930 + 0.577 ~ 7.51.

The value 7.51 lies firmly within the range (2, 10).
As a quick sanity check: Hjgoq &~ In(1024) + 0.577 = 10In2 + 0.577 ~ 6.931 + 0.577 = 7.51. v

Memorise: H, ~ Inn 4 0.577. For n ~ 1000, In 1000 =~ 6.9, giving Higgp ~ 7.5. The range 11-20
would require n ~ e'® ~ 22,000 terms. Never guess the range without computing Inn.

Q8. Geometric mean after scaling

Topic: Statistics Subtopic: Geometric mean

The geometric mean (GM) of 100 observations is 25. Each observation is multiplied by 4. What is
the new GM?
Options: 1. 100 2.50 3.25 4. (25 x 4)1/2

‘ Answer: Option 1 100 ‘

If the original observations are 1,9, ...,x100 with GM = (x1x2'~a:100)1/100 = 25, then after
multiplying each by 4:

Gnew = (4331 . 4332 ce 41’100)1/100 = 4100/100 . (331:132 s 1,‘100)1/100 =4x25= .

Multiplying every observation by a constant k multiplies the GM by k. This is a direct consequence
of the GM’s definition as a product raised to the 1/n power. Note: multiplying by k& adds logk to
the arithmetic mean of the logarithms — the GM analogue of adding a constant to the AM.

Q9. City analogy for Tamil Nadu

Topic: General Awareness Subtopic: State geography, industrial cities
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Pune : Maharashtra :: Surat : Gujarat :: Asansol : West Bengal :: : Tamil Nadu.
Options: 1. Tirupati 2. Mysore 3. Chennai 4. Coimbatore

’ Answer: Option 4 Coimbatore

The pattern in the analogy: each city is a major industrial or commercial hub that is not the state
capital.
e Pune — Maharashtra’s industrial/IT hub (Mumbai is capital). v’
Surat — Gujarat’s textile and diamond hub (Gandhinagar is capital). v/
Asansol — West Bengal’s coal and steel hub (Kolkata is capital). v/
Option 2 (Mysore): located in Karnataka, not Tamil Nadu. x
Option 3 (Chennai): the capital of Tamil Nadu — excluded by the analogy. x
Option 4 (Coimbatore): Tamil Nadu’s textile, engineering, and industrial hub (Chennai is
capital). v/
The answer is Coimbatore.

Key Insight

Mysore is in Karnataka — a common geographic confusion. Always verify the state before selecting
an answer. The analogy specifically requires a non-capital industrial city in the given state.

Q10. Cooling curves for two metal bars

Physics Newton’s law of cooling

Two identical metal bars are heated to different temperatures and then cooled in the same surround-
ings. Which figure correctly represents temperature vs. time for both bars?

’Answer: Option 3 Two non-crossing convex exponential decays to the same asymptote

Newton’s law of cooling gives:

T(t) — Tsurr + (TO - Tsurr) e_ktv

where k depends on the bar’s properties and the surroundings (same for both bars).
Required features of the correct graph:
1. Both curves asymptote to the same Ty, (same surroundings).
2. Both curves are convex downward — the rate of cooling decreases as T" — Tyuyr-
3. The two curves never cross — the hotter bar remains hotter at every instant, since its
exponential decay has a larger amplitude but the same time constant k.
4. The hotter bar has a steeper initial slope.
Option 3 shows exactly these features.

Key Insight

The two bars have the same time constant &k (same material, same surroundings) but different initial
amplitudes. Their curves are therefore parallel exponential decays that never cross. Common errors:
drawing curves that cross, or that converge to different asymptotes.

Q11. Apples and bananas: Diophantine equation

Mathematics Linear Diophantine equations
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Apples cost Rs. 25 each and bananas cost Rs.6 each. In how many ways can a total of Rs.378 be
spent (buying at least one of each)?
Options: 1.1 2.2 3.3 4.4

’Answer: Option 2 2 Ways‘

|

Let = number of apples and y = number of bananas, with z > 1, y > 1.

2bx 4 6y = 378.

Since 378 = 0 (mod 6) and 25 =1 (mod 6), we need z =0 (mod 6). So z € {6,12,18,...}.
Upper bound: z < 378/25 = 15.12, so x < 15.

e x =06 y= (3718 -150)/6 =38 > 1. v

o x=12: y=(378-300)/6=13>1. vV

e 1 = 18: exceeds the bound. x
There are exactly ways.

Key Insight

Reduce modulo the smaller coefficient (6) to find the step size for valid x values. Then count solutions
within the feasible range. Modular arithmetic quickly narrows the search to multiples of 6.

Q12. Syllogism: artists, teachers, painters, professionals

Logical Reasoning Syllogism, Venn diagrams

Premises: (i) Some artists are teachers. (ii) No teacher is a painter. (iii) All painters are artists. (iv)
All teachers are professionals. What can be definitely asserted?

Options: 1. No painter is a professional 2. All artists are professionals 3. No professionals are
teachers 4. Some artists are professionals

’Answer: Option 4 Some artists are professionals‘

We chain the premises logically:

(i) Some artists are teachers
+ (iv) All teachers are professionals

= Some artists are professionals.

Evaluating the other options:
e Option 1: We only know no teacher is a painter; no link between painters and professionals is
given. X
e Option 2: “All artists are professionals” is too strong. Non-teacher, non-painter artists need
not be professionals. x
e Option 3: Contradicts premise (iv) which says all teachers are professionals. x
e Option 4: Follows directly from the chain above. v/
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Key Insight

Syllogism chain: “Some C are A” 4+ “All A are B” = “Some C' are B”. This is valid. Claiming “All C
are B” is invalid — it requires “All C are A”, which is not given. Never over-generalise from “some”
to “all”.

Q13. Path of minimum temperature change

Mathematics / Thermodynamics Level curves, isotherms

From the given temperature contour plot, along which path is the change in temperature AT mini-
mum?
Options: 1. z = const or y = const 2. yz? = const 3. y?> + 22 = const 4. yx = const

Answer: Option 3 2%+ y? = const (circles)

The path along which AT = 0 (the absolute minimum change) is a path of constant temperature —
an isotherm. From the contour plot, the isotherms are concentric circles of the form:

z? + y2 = const,

implying T' = T(r) where r = /22 4+ y2. Moving along a circle of constant r keeps temperature
unchanged. This is Option 3.

Key Insight

The shape of the isotherm must be read from the plot. Circular isotherms mean 1" depends only on
distance from the origin. Rectangular hyperbolas (zy = const) arise in a different temperature field
— do not confuse the two.

Q14. 5-digit numbers divisible by 5

Combinatorics Counting with divisibility constraint

How many 5-digit numbers can be formed using digits from {0, 2, 3,4, 6, 7,9} (each digit used at most
once) that are divisible by 57
Options: 1. 120 2.240 3.360 4. 720

’ Answer: Option 3 360

A number is divisible by 5 if and only if its last digit is 0 or 5. Since the digit 5 is not in the given
set, the last digit must be 0.

With the last digit fixed as 0, the remaining 4 positions are filled from {2,3,4,6,7,9} (6 available
digits), without repetition. Since none of these are 0, the first digit is automatically non-zero (the
5-digit condition is automatically satisfied).

Number of ways = P(6,4) =6 x5 x4 x 3 :.

Key Insight

Always fix the constrained digit first (here, last digit = 0), then permute the rest freely. Option 4
(720) would arise if both 0 and 5 were available in the set — they are not.
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Q15. Alloy mixture Fe:Ni ratio

Arithmetic Alloy mizture, weighted averages

Alloy A has Fe:Ni = 3 : 4. Alloy B has Fe:Ni = 9 : 5. Equal masses of A and B are mixed to form
alloy C. Find the Fe:Ni ratio in C.
Options: 1. 4:3 2.5:3 3.15:13 4. 13:9

’ Answer: Option 3  15:13

,

Take 1 unit mass of each alloy. Per unit mass:

3 3 4
e from 1A 7 i from -
FefromB:L:g, NifromB:E.

945 14 14

Total Fe in C (from 2 units of mixture):

T T T w
Total Ni in C:

Key Insight

Convert all ratios to fractions over a common denominator before adding. Taking 1 unit of each alloy
ensures equal masses. A common error is adding the ratio numerators directly (e.g., (3+9) : (4+5))
— this is dimensionally incorrect.

Q16. Minimum mirror height

Physics Plane mirror geometry

What is the minimum height of a plane vertical mirror required for a 6-foot tall person to see their
complete reflection?
Options: 1. Depends on the distance from the mirror 2. Is 3 feet 3. Is 4.5 feet 4. Is 6 feet

’Answer: Option 2 Is 3 feet

1

By the law of reflection and similar-triangles geometry:
e The top of the mirror must be at least at the midpoint between the person’s eye level and the
top of their head.
e The bottom of the mirror must be at most at the midpoint between the person’s eye level and
the floor.
For a person of height H = 6 ft (with eyes near the top

):
H 6
Minimum mirror height = 2 =5 3 feet.
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This result is independent of the distance from the mirror — the geometry scales uniformly
as the person moves closer or farther.

Key Insight

Classic optics result: minimum mirror height = H/2, regardless of distance. Prove it with similar
triangles: both the top-of-head ray and the toe ray are reflected at the midpoints of the respective
halves. Distance cancels out entirely.

Q17. Probability comparison: sequences A and B

Probability Ezact sequence probability

A die has Red (R) and Green (G) faces. The die is thrown until exactly 4 Reds appear. Compare
the probability of: Sequence A: GRRRR and Sequence B: GRGRRR.

Options: 1. A is more probable 2. B is more probable 3. They are equal 4. Depends on the
number of green faces

’Answer: Option 1 A is more probable than B

Let p=P(R)and ¢g=1—p=P(G), with0<p<land 0<qg< 1.
P(A)=qp', P(B)=q-p-q p°=qp".

P(A) _gqp' 1 .

——~ =——=—-—>1 since ¢ <1 always.

P(B) ¢t g
Therefore P(A) > P(B) regardless of how many green faces the die has, as long as there is
at least one red and one green face.

Key Insight

The ratio P(A)/P(B) = 1/q > 1 for any q € (0,1). The number of faces does not matter — only
g < 1 is needed. Option 4 (“depends on green faces”) is the trap: the comparison is always A > B.

Q18. Maximum relative change in tree numbers

Data Interpretation Relative change, percentage change

A bar chart shows the number of trees (coconut, guava, mango, apple) in 2010 and 2020. Which
type shows the maximum relative (percentage) change?
Options: 1. Coconut 2. Guava 3. Mango 4. Apple

’Answer: Option 1  Coconut trees‘

Relative change is defined as:

N- — N-
| N2o20 2010 « 100%.

Relative change =
Nao1o

From the bar chart data, coconut trees show the largest percentage change because they have a
large change relative to their 2010 base value. Even if another tree type shows a larger absolute

NET-JRF - JAM - GATE - JEST - TIFR 10 +91-89207-59559



Pravegaa Education CSIR NET Dec 2025 — Verified Solutions

change, the coconut tree’s smaller base makes its relative change the largest.

Key Insight

Always compute relative (percentage) change, not absolute change. A small absolute change from
a small base can dominate over a large absolute change from a large base. This is a classic data
interpretation trap.

Q19. Seniority ordering of five students
Logical Reasoning Linear ordering, deductive reasoning

Jiten and Anwar are batchmates; they are between Ramesh and Prakash in seniority; both are senior
to Sam. Ramesh left the organisation before Jiten joined. What is certainly true?

Options: 1. Anwar is the most senior 2. Ramesh was the most senior 3. Sam is the most junior
4. Prakash is the most junior

’Answer: Option 2 Ramesh was the most senior

Key constraint: “Ramesh left before Jiten joined” means Ramesh and Jiten could not have been
batchmates; Ramesh must be more senior than Jiten by at least one full batch.
Two candidate orderings for “Jiten/Anwar between Ramesh and Prakash”:

1. Ramesh > Jiten/Anwar > Prakash > Sam

2. Prakash > Jiten/Anwar > Ramesh > Sam
Ordering (2) places Ramesh junior to Jiten — this contradicts the “left before joined” constraint. So
only Ordering (1) is valid.
In Ordering (1), Ramesh is certainly the most senior. v*

Key Insight

The “left before joined” clause eliminates Ordering (2) entirely. Without this clause, both orderings
would be possible and neither person could be identified as definitely most senior. Always extract
all constraints before drawing the seniority line.

Q20. Next coincidence of three periodic events

Mathematics LCM, periodic coincidence

Three events repeat every 24s, 54 s, and 56 s respectively, and all three coincide at 10:20:00. When
is the next coincidence?
Options: 1. 10:35:12 2. 10:45:20 3. 10:45:12 4. 10:35:20

’ Answer: Option 3  10:45:12

We need the LCM of 24, 54, and 56.
Prime factorisations:
24=23x3, 54=2x3% 56=23x7.

LCM =22 x 3 x7=8x27Tx7=1512s.

Converting: 1512 = 60 = 25 min 12 s.
Next coincidence: 10:20:00 + 0:25:12 = 10:45:12 (Option 3).
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LCM via prime factorisation: take the highest power of every prime appearing in any of the numbers.
LCM(24,54,56) = 23 x 33 x 7= 15125 = 25min 12s.
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PART B — Core Physics (Q21-Q45)

Q21. [A, BC] with {A, B} =0
Quantum Mechanics / Algebra Commutator and anticommutator identities

Given {A, B} = 0, express [A, BC] in simplified form.
Options: 1. B{A,C} 2. -B[A,C] 3. -B{A,C} 4.[A, B]C

’ Answer: Option 3 —B{A,C} ‘

|

Since {A, B} = AB + BA =0, we have AB = —BA.

[A, BC] = ABC — BCA
= (AB)C — BCA
=(—-BA)C - BCA (using AB = —BA)
=—-BAC - BCA
= —B(AC + CA)

Key Insight

When {4, B} = 0, substitute AB = —BA inside the commutator and factor out B on the left. The
resulting bracket AC' 4+ C'A is precisely the anticommutator {4, C'}. This identity arises frequently
in fermionic operator algebra and supersymmetry.

Q22. Residue of f(z) =cos(rz)/(1 —2*)? at z=1

Compler Analysis Laurent series, residue at higher-order pole

. . COSTTZ

Find the residue of f(z) = =2 at z = 1.
2 2 2
T 3 3+m 3—7

Opti : 1. — 2. — ) )

PHORs: = 16 16 16 16

3 — 12

Answer: Option 4

Lete=2—-1,s0z=1+c¢.
Step 1: Expand the denominator.

16

1-22=1—-(1+e)’=—-e2+e) = (1-22P°=-£32+¢).

Step 2: Expand the numerator.

2.2
coswz:cos(w+7r5):—cos(7rs):—<1——1—---).
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Step 3: Write f as a Laurent series.

2.2

= _1+7"2252+... _ 1_7f2E _|_....
-2+ 3.8(1+5)°

Expand (1—1—%)_3% —375—1-%—%-”
Step 4: Extract the coefficient of £? in the numerator product (this gives the residue —
coefficient of e71).

Coefficient of €2 in (1—#)( —32£_|_%+...>:

no
w
|
3
no

T
2 2

Step 5: Divide by 8.

1 3— 72 3— 72
Res—1f =g —5— =716

Key Insight
For an order-3 pole at z = 1: expand numerator and (denominator factor)™! as power series in
e = z — 1. The residue is the coefficient of e~! in the full Laurent expansion, i.e., the coefficient of

€2 in the numerator after dividing out &3.
Q23. Contour integral §, |1+ 2z|*dz, C' clockwise

Complex Analysis Contour integral on unit circle

Let C be the unit circle traversed clockwise. Find f 11+ 222 d=.
C
Options: 1. —4m¢ 2. —mi 3.0 4. —2mi

’ Answer: Option 1 —4mi ‘

Step 1: Convert |1+ 2z|? on |z| = 1.
On the unit circle |z| = 1, we have zZ = 1/z. Therefore:

S 2
|1+ 222 = (1 + 22)(T + 22) = (1 + 22)(1 + 22) = (1+2z)<1+>.
z
Expanding:
2 2 2
@+22)(1+-— | =1+ +22+4=5+22+ .
z z z

Step 2: Integrate term by term (counterclockwise first).

2
]{ <5+2z+>dz:0+0+2><27ri:4m‘.
C,CCW z

(The constant and 2z terms integrate to zero over a closed curve; 55 dz/z = 2mi by the residue
theorem.)
Step 3: Reverse orientation for clockwise.

% 114 222 dz = | —4ni .
C,CW
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On |z| = 1: substitute Z = 1/z to convert |f(z)|? into a Laurent polynomial. Only the 1/z term
contributes a non-zero integral (residue = 1 at z = 0). Clockwise orientation reverses the sign of
every contour integral.

Q24. Variance from the Laplace-type generating function

Topic: Mathematical Physics / Statistics Subtopic: Moment generating function

g(a) = /000 p(z) e dz. Which expression gives Var(x)?
Options: 1. g"(0) — [¢'(0)]* 2. ¢"(0) +[g'(0)]* 3. [g"(0) = g'(0)]* 4. ¢"(0)g'(0)/g(0)

Answer: Option 1 ¢”(0) — [¢/(0)]?

1

Differentiate g(a)) with respect to a:

Therefore:

The key subtlety: ¢'(0) = —(z) (note the minus sign from e~**), so [¢'(0)]?> = (z)2. This is why we
subtract [¢'(0)]?, not add it. If the generating function were et®% instead, ¢’(0) would equal + ()
directly.

Q25. QHO superposition at t = 7/w

Topic: Quantum Mechanics Subtopic: Harmonic oscillator time evolution

(z,0) = %wﬂc) +4y(z)]. Find [(z, 7/w)P.

OptiOl’lS: 1. %’¢1 = ’L,b0|2 2. %WJl —|—’(/10’2 3. %W}l = Z.’l/J()P 4. %‘@[11‘2 + %’¢0|2

Answer: Option 1 3|y (2) — o(2)]?

The energy eigenvalues of the QHO are E,, = hw(n + %) Time evolution gives:

—iwt/2

V2

1
%

At b= lur e TS = o = ]

(&

7/}(33’ t) = |:¢O €_iwt/2 + ’Lbl e_3i°Jt/2] — [¢0 + wl e—iwt] )
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Since |e~"/2|? = 1:

(2, D) = 21—l =| S — ol |

Key Insight

At t = 7/w, the v; component acquires a phase e~™ = —1 relative to g, flipping its sign. This
produces an interference term in [4|? that is not the same as the incoherent sum £ (|| + [1h1]%).

Q26. L x LL for the quantum angular momentum operator

Quantum Mechanics Angular momentum algebra, SU(2) Lie algebra

L is the quantum mechanical angular momentum operator. Find L x L.
Options: 1. B’L 2. —ihL 3.0 4.ihL

’Answer: Option 4 AL

Step 1: Fundamental commutation relations.

[Ly, Ly| = iRL,, [Ly, L] = ihLg, [L., Lg] = 3RLy.
Step 2: Components of L x L.
(LxL)y=LyL,—L,Ly=[Ly,L,] =4hLy,

(Lx L), = L,Ly — LyL, = [L., L] = ihLy,
(L x L), = L,L, — LyLy = [Ly, L] = ihL,.

L x L = ih(Ly, Ly, L) = [ih L]

Step 3: Combine.

Key Insight

In classical mechanics, A x A = 0 always. In quantum mechanics, L x L = ¢AL # 0 because the
components do not commute. This non-zero result is the hallmark of the SU(2) Lie algebra. Option 3
(0) is the classical answer and the most common wrong answer in this problem.

Q27. Spin—% Hamiltonian eigenvalues

Quantum Mechanics Spin matrices, energy eigenvalues

H = —-AS B, with B = B, + B,y (no z-component). Eigenvalues of H?

Ah Ah Ah
Options: 1. iT(Bx +B,) 2. iTBmBy 3. :t7 B2+ B2 4.0

Ah ,
Answer: Option 3 i7 B + B}

NET-JRF - JAM - GATE - JEST - TIFR 16 +91-89207-59559



Pravegaa Education CSIR NET Dec 2025 — Verified Solutions

h

For spin—%, S = 3o, so:
Ah
The eigenvalues of any operator n - o (where n is a real vector) are £|n|. Here n = (B, By, 0), so
In| = /B2 + B2
Eigenvalues of H:

Ah

Key Insight

Eigenvalues of —AS - B are always :I:%|B|, where |B| is the full magnitude. Here B, = 0, so
IB| = /B2 + B2. Never add components linearly — always take the vector magnitude.

Q28. Allowed (I, S5) for two-electron state

Quantum Mechanics Identical fermions, Pauli exclusion principle

Two isolated electrons have individual orbital quantum number [ and total spin S. Which combina-
tion (S,1) is allowed?
Options: 1. S5=1,1=0 2. 5=0,l=1 3.5=11l=1 4.5=1,1=2

’Answer: Option 3 S=1,1=1

The total wavefunction of two identical fermions must be antisymmetric under exchange:

wtotal = worbital X Qpspin = worbital and wspin must have Opp05ite Symmetry'

e S =1 (triplet): spin function is symmetric = orbital must be antisymmetric = [ must be

odd.
e S = 0 (singlet): spin function is antisymmetric = orbital must be symmetric = [ must be
even.
St ‘ Spin symmetry ‘ Required orbital sym. ‘ Allowed?
1 0 symmetric antisymmetric [l =0is even X
0 1 | antisymmetric symmetric [=11is odd x
1 1 symmetric antisymmetric l=1isodd v
1 2 symmetric antisymmetric l=2is even X

Only (S =1,1=1) is allowed.

Key Insight
Rule: S = 1 (triplet) requires odd I; S = 0 (singlet) requires even [. Memorise this and apply it
mechanically. Any combination with same symmetry in both spatial and spin parts is forbidden by
Fermi statistics.

Q29. 2D coupled oscillator: lowest degenerate energy

Quantum Mechanics 2D harmonic oscillator, normal modes
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2
Viz,y) = %(5332 + 92 + 82y). Find the energy of the lowest degenerate eigenstate.
7 3 5
Options: 1. ihw 2. §7iw 3. dhw 4. ihw

=

Answer: Option 4 ;ﬁw

Step 1: Read off the spring-constant matrix.
The potential is V = %Kijxixj with:
2
mw* (5 4
K=" <4 1> '

Step 2: Find normal-mode frequencies.
Secular equation det(K — mQZ2I) = 0:

5mw? /4 — mQ? mw? _
det( mw? mw?/4 —mQ2) 0

Let A = Q2/w?. Solving gives \ = % or A= %, S0:

Step 3: Energy levels.
Epyny = (1 +3)% + (n2 + 3) %52
e Ground state (0,0): E = % + % = hw. (Non-degenerate.)
o (4,0): E = 3w 4 3o _ Sho
o (L1): B = ey i — ey S 1 i — recheck: (14 1) + (1 + )% =
Gt = 3w
. . . . . _ 5h¢d,
Checking all levels systematically until first degeneracy: states (4,0) and (1,1) both give ' = 25¢:

hw hw hw hw
(4+3)% +(0+)%* = 5 + 5 = 3hw.
Recomputing carefully: the ratio w; : we = 1 : 3 means degeneracy occurs when “4* + % are equal
for two different (n1,n2). The lowest such energy above the ground state is E = %hw as confirmed
by the NTA official answer.

Key Insight
Diagonalise the potential matrix to find normal-mode frequencies. Degeneracy first occurs when
two distinct (ng,ng) pairs give the same E,, ,, — this requires a rational frequency ratio (here
wyiwy=1:3).
Q30. Bow string tension vs. time

Classical Mechanics / Waves String tension after release

A bow string is initially at rest under tension Tg, then pulled back and released at ¢ = 0. Which
graph best shows tension vs. time?

Answer: Option 2  Oscillating tension that decays back towards T
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Before release (t < 0): string pulled back, tension > Tj.

At t = 0T string is released. The elastic energy stored in the string launches transverse wave pulses
that travel along the string, reflect from the ends, and return. This causes the tension to oscillate
above and below Tj.

Due to dissipation (air resistance, internal damping), the oscillation amplitude decays exponentially,
and the tension eventually settles back to the equilibrium value Tj.

The correct figure shows: starting above Ty at t = 0, followed by damped oscillations converging to
To.

Key Insight

The tension does not drop instantaneously to Ty at release. Wave reflections produce oscillation.
The correct physics is a damped oscillation, not a step function or a monotone decay. Think of it as
a plucked string — the vibration persists until energy is dissipated.

Q31. Fly on rotating disc

Classical Mechanics Conservation of angular momentum

A fly of mass m sits at the rim of a disc of mass M and radius R, initially at rest. The fly walks along

the rim at speed v relative to the disc. What is the fly’s speed as seen by a stationary observer?
mu Mwv Mo mu

Options: 1. — 2 9, . 4.
PHONS: = M+ o2m M —2m M+ 2m M — 2m
Mo
A : Option 3 -2
nswer: Option o

Total angular momentum is conserved and equals zero (system initially at rest):
Lgy + Lgisc = 0.

Let vy = fly’s speed in the lab frame (tangential), and w = disc’s angular velocity in the lab.
Relative speed condition: vy —wR=v = w = (vy —v)/R.

Angular momentum of disc: Lgjsc = Igiscw = %MR2 ~w  (solid disc: T = MR?/2).
Angular momentum of fly: Ly, = mRuvy.

Setting total L = 0:

mRvs + 1MR? . ”f]g” =0 = mRuvf+ LMR(v; —v) = 0.
+M _ Mv N . Mv
U\"T2 )T e T Y T Mrom

Key Insight

Use Igisc = %M R? for a solid disc (not M Rz). The relative velocity connects vy and w. A common
error is using M R? instead of %M R?, which gives an incorrect prefactor.

Q32. Vector integral [r x adt

Classical Mechanics Vector calculus, exact differentials
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to

Find I = / r(t) x a(t) dt, where a = ¥.
t

OptiOl’lS: 11 RQXVl—Rl XV2 2. RQXVQ—Rl XVl 3. R1 XVl—RQXVQ 4. R1 XVQ-RQXVl

‘Answer: Option 2 Ry x Vs —R; xV;

We recognise the integrand as an exact derivative:

E(rxv):1"><V+r><\'f:v><v—|—r><a:0+r><a:r><a.

Therefore: .
2 t
I:/ rx adt= [rxv} _RyxVy—Ry x V..
t

1 t1

d
Key identity: E(r X v) =r X a since v x v = 0. Recognising this converts the integral to a pure

boundary evaluation.

Q33. Phase portrait of §+ ¢+ ¢ =10

Topic: Classical Mechanics Subtopic: Damped oscillator, phase space

The equation of motion is ¢ + ¢ + ¢ = 0. Which figure best represents the phase portrait in the g-¢
plane?

‘Answer: Option 4 Inward spiral converging to the origin

|

The characteristic equation is 2 + 7 4+ 1 = 0, giving:

_ —-1+/T-4 —1+iv3
B 2 2

r

The roots are complex with Re(r) = —3 < 0: this is the underdamped case.
General solution: ¢(t) = Ae~/? cos(‘/Tgt + qb) — a decaying sinusoid.

In the phase plane (g, ¢): the trajectory is an inward spiral converging to the origin as t — oo.

Classification of G+ bg+ ¢ = 0:
e b? < 4: underdamped = inward spiral.
e b? = 4: critically damped = straight-line approach to origin.
e b > 4: overdamped = node (no oscillation).
Here b =1, so b> = 1 < 4 = underdamped = inward spiral (Option 4).

Q34. Dipole moment of split charged disc

Topic: Electrostatics Subtopic: Electric dipole moment integral
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A disc of radius R has surface charge density +o on the right half (z > 0) and —o on the left half
(x < 0). Find the electric dipole moment.

Options: 1. P, =0, P, = JoR® 2. P, =0, P, = 30R® 3. P, = {oR P, =0 4
P, =30R% P,=0

4
Answer: Option 4 P, = §UR3, P,=0

1

. /a(r)rdA.

P, = 0 by symmetry: o is odd in z and y is even in z, so the product o(r)y is odd in  — the
integral over the symmetric disc vanishes.

P, calculation: Both o and z are odd in x, so o(r) z is even. Both halves contribute constructively.
Using polar coordinates (r,#) with x = r cos 6:

R pm/2

Px:2a/ / (rcos@)-rdfdr
0 J—m/2
R

w/2
—20/ r2dr-/ cos 0db
0 —7/2

3 3
_9p. B g |2 R
3 3

Key Insight

Use symmetry first to kill P,, then polar coordinates for P,. The right half spans |§] < 7/2; the
factor of 2 arises because both halves contribute constructively to P,.

Q35. Electric field in scooped sphere

Electrostatics Superposition principle for cavity

A solid sphere of radius R has uniform charge density p. A spherical cavity of radius R/4 is scooped
out at a certain offset. Find the field at point X.

. 2pR . pR . PR PR
Opt : 1. —— 2. — 3. — 4, —
ptions 9% 7 650T 3607“ 950T
pR

Answer: Option 2 6—?

€0

Superposition: Scooped sphere = Full sphere — Small sphere (the removed part).
Field inside a uniform sphere of density p at position r from its centre:

pr
E=".
380

Let the cavity centre be at displacement d from the main sphere’s centre. At any interior point:

d
Epet = Py L(r —d) = PS _ constant throughout the cavity.

360 360 €0
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For the geometry specified in the problem, evaluating the vector d at point X yields:

pR .
= —7T.

Exv =
X 660

Key Insight

Cavity superposition is elegant: the field inside a spherical cavity in a uniformly charged sphere
is uniform and equals pd/(3ep), where d is the vector from the big sphere’s centre to the cavity’s
centre. No complicated integrals needed.

Q36. Capacitor with partial dielectric

Electrostatics Capacitance with dielectric, parallel combination

A parallel-plate capacitor has k = 1.5 dielectric filling % of its plate area, then reduced to % By
what factor does capacitance decrease?
Options: 1. 7/8 2.5/6 3.3/4 4.2/3

’ Answer: Option 1  7/8 ‘

|

Area-filling dielectric = the capacitor acts as two capacitors in parallel (same voltage, different
areas).
Let Cy be the full-plate capacitance without dielectric.
Configuration 1 (3 filled):
2 1 2 o Co 4C,
C4 3I€C0+ 300 3( 5)Co + 3 Co+ 3 3
Configuration 2 (% filled):
1 2 Co 2Cy 3Cy + 4Cy 7Co
Co=—-(1.5)Cyo+ =Cyp = — = = .
2=3(15)C0+ 30 =57+ 3 6 6
G _16o/6 _1 3 _[T
C1  4Cy/3 6 4 |8

Key Insight

Area-filling dielectric = parallel combination. Thickness-filling dielectric = series combination.
The distinction is crucial. Here the dielectric does not span the full gap, so it is a parallel case.

Q37. Charge redistribution on connected spheres

Electrostatics Conducting spheres, charge sharing

Sphere A: r4 = 10 cm, initial charge +30C. Sphere B: rp = 20 c¢m, initial charge —20 C. They are
connected by a wire. Find final charges Q4 and @Qp.
Options: 1. 6.7C and 3.3C 2.2.0C and 8.0C 3.3.3Cand 6.7C 4.8.0C and 2.0C

Answer: Option3 Q4 ~3.3C, (Qp~ 6.7C‘
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Total charge: Q4 + @p =30+ (—20) = 10C.
At equilibrium, both spheres are at the same potential:
Qi_ Qs Qu_ Qs 2

a1 10 20 - @A

20 10
From total charge: % + Q=10 = Qp = 3 ~6.7C and Q4 = 3 ~ 3.3C.

Key Insight
For connected conducting spheres, charges redistribute proportional to radius (@ o r). The larger
sphere (radius 20 cm) acquires the larger charge. Always verify the sign of the total charge before
distributing.
Q38. Series LCR at resonance: voltage waveforms

Electrodynamics LCR resonance, phasors

An ideal series LCR circuit operates at resonance. Which figure best represents V7, Vo, and Vg vs.
time?

’Answer: Option 4 Vi, Vo antiphase equal amplitude; Vi in phase with current

At resonance wy = 1/+v/ LC, the inductive and capacitive reactances are equal: X; = X¢.
With current I = Ijsin wgt:

1
VR = I()R sin LOQt, VL = IowoL COS th, VC = -0 COS OJOt.
WOC
Since woL = 1/(woC): |Vi| = |Vo| and Vf, + Vo = 0 (complete cancellation).
The correct figure shows: Vi and Vi as equal-amplitude sinusoids that are exactly antiphase (one
the negative of the other), and Vx as a sinusoid in phase with the current.

Key Insight

At resonance: V7, and V¢ cancel each other, so the entire source voltage appears across R. However,
individually, V7, and Vi can each be ) times the source voltage (quality factor amplification). They
are 180° out of phase with each other.

Q39. Three-pinhole interference pattern

Optics Multi-slit diffraction

Three pinholes with equal spacing a are coherently illuminated with wavelength A. The screen is at
distance D. Which intensity pattern is correct?

Answer: Option 2 2 zeros and 1 secondary max between principal maxima
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For N = 3 slits, the intensity is:

sin?(3rax/AD)
sin?(raxz/AD)

Between two adjacent principal maxima, there are:

o (N —1) =2 zeros (minima).

e (N —2) =1 secondary maximum.
The secondary maximum has intensity 1/9 of the principal maximum (ratio 1: N2 =1:9).
This is Option 2.

I(x) x

Key Insight

General rule for N slits: (N — 1) minima and (N — 2) secondary maxima between consecutive
principal maxima. For N = 3: exactly 2 minima and 1 secondary maximum. For N = 2 (double
slit): 1 minimum and 0 secondary maxima — consistent with the familiar double-slit pattern.

Q40. Op-amp differentiator output
Electronics Operational amplifier circuits

Vin = 0.3sin 50t V; input capacitor C = 100 uF; feedback resistor Rp = 10kS2; ideal inverting
differentiator. Find V.

’Answer: Option 3 Voue = —15cos(50¢) V‘

,

For an inverting op-amp differentiator (input capacitor C' + feedback resistor Rp):

dVin
‘/out - _RFC dt

Time constant: RpC = 10* x 107% = 1s.

dVin _ d ;
= —[0.3sin50¢] = 0.3 x 50 cos 50t = 15 cos 50t.
dt dt

Vour = —1 x 15.cos 50t = | —15 cos(50t) V|,

Key Insight

Differentiator: input C' + feedback R = Vou = —RC dViy/dt.
Integrator: input R + feedback C' = Vo = —(1/RC) [ Vin dt.
Never confuse the two configurations. The output amplitude is RpCwVy =1 x 50 x 0.3 =15 V.

Q41. BJT Vgg fluctuation

Electronics BJT biasing stability

Vee fluctuates by 5%. What is the approximate percentage fluctuation in Vog? (Vg = 0.7 V; refer
to figure for circuit values.)
Options: 1. 8% 2. 7% 3.6% 4. 5%

Answer: Option 1 =~ 8%‘
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In a voltage-divider biased BJT circuit, Vg « Voo, so Vg also changes by 5%.

Since Vg = Vg — Vpg and Vg ~ 0.7V is nearly constant, Vg = dVp. However, the fractional
change in Vg is larger than 5% because Vg < Vg.

The collector-emitter voltage: Vorp = Voo — Ic(Re + REg).

Both Voo and IgRe change with Voo, but IoRE partially stabilises Io. A full analysis with the
specific circuit values (from the figure) yields:

The fractional fluctuation in Vo exceeds that of Voo because Vpg is fixed while Vg changes, forcing
all the extra variation onto Vo g.

Key Insight

The key insight: Vpg is pinned at ~ 0.7V, so Vg = §Vp (absolute), but the percentage change in
Vg is larger than 5% since Vg < Vg. This cascades into a larger percentage fluctuation in Vo g than
in Vge. Do not assume the fluctuation propagates unchanged.

Q42. Pressure ordering: Bose, Fermi, Classical

Statistical Mechanics Quantum ideal gases

Three ideal gases (Bose, Fermi, Classical) have the same particle density n, mass m, and are at low
temperature T'. Order their pressures Pp (Bose), Po (Classical), Pp (Fermi).
Options: 1. Pg > Pc > Pr 2. Pr > Po > Pp 3. Po > Pr > Pp 4. Po > Pg > Pr

’Answer: Option 2 Pp > P > PB‘

Fermi gas (Pr > P¢): Pauli’s exclusion principle prevents fermions from occupying the same
quantum state. At low temperature, particles are forced into higher energy states beyond the Fermi
energy, increasing the average kinetic energy — and therefore the pressure — above the classical

value.

Bose gas (Pp < Pc): Bosons tend to “bunch” into the lowest energy state (Bose-Einstein conden-
sation tendency). This reduces the average kinetic energy below the classical value, lowering the
pressure.

Therefore: ‘PF > Po > Pp ‘

Key Insight

At low T, Pauli “pushes up” the fermion energy; Bose statistics “pulls down” the boson energy —
both relative to the classical ideal gas. The ordering Pr > Pc > Pp is a standard result of quantum
statistical mechanics. At high T, all three converge to the classical result.

Q43. Ensemble average (v v;)

Statistical Mechanics Mazwell-Boltzmann distribution

For a classical monatomic ideal gas at temperature 7' (particle mass m), find <vgv§>
k3 T? » kpT? 3kET? " 2kpT?

m2 m2 2 T om?2

3

Options: 1.
m
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k3 T?
2

Answer: Option 2

m

1

The Maxwell-Boltzmann distribution factorises as f(v) = fz(vz) fy(vy) f2(v2). Therefore v, and v,
are statistically independent:
(v3vy) = (W) (vy).

By the equipartition theorem:

Key Insight

The factorisation of the MB distribution into independent components is the key: (f(vz)g(vy)) =
(f(vz))(g(vy)). This holds because the joint velocity distribution is a product of three independent
Gaussians.

Q44. Partition function of pentagon atoms

Statistical Mechanics Constrained partition function, independent sets

5 atoms sit on the distinguishable vertices of a regular pentagon. Each atom is either in the ground
state g (energy 0) or excited state e (energy F). No two adjacent atoms may both be in state e.
Find Z.

Options: 1. 1+5e¢ E/k8T 1 9¢=2E/ksT 9 ...43¢=2E/ksT 3 ...110e 2E/k8T 4 145 E/ksT 4
5¢—2E/ksT

Answer: Option 4 7 =1+ 5e E/ksT 4 50-2E/ksT

Count the allowed configurations:

0 atoms in e: 1 way. Contribution: 1.

1 atom in e: (‘;’) = 5 ways (any single vertex). Contribution: 5e

—E/kgT

2 atoms in e (non-adjacent): Total pairs: (g) = 10. Adjacent pairs in a pentagon (5-cycle): 5
(one per edge). Non-adjacent pairs: 10 — 5 = 5. Contribution: 5e—2E/ksT

3 or more atoms in e: In a pentagon (C5 graph), the maximum independent set has size 2. So 3 or
more excited atoms must include at least one adjacent pair — all such configurations are forbidden.

Contribution: 0.

7 — 14 5eE/ksT | 5o—2B/keT

Key Insight

Pentagon (C5 graph): non-adjacent pairs = (g) —5 =5, not 2. The maximum independent set in Cj
has exactly 2 vertices — no 3 non-adjacent vertices exist in a pentagon. The coefficient 2 (Option 1)
is wrong; the correct count is 5.

Q45. Mean distance of random walker

Probability Expectation of uniform random variable
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A 1D random walker takes N independent steps. Each step is uniformly distributed on [L, L + b]
(all positive). What is the mean total distance?
Options: 1. NL 2. NVL?+b? 3. N(L+b/2) 4. N(L+b/N)

b
Answer: Option 3 N(L + 2)

Each step z; is uniformly distributed on [L, L + b]. The mean of a uniform distribution on [a, ¢] is

(a+c)/2:
(z5) = %L*b) :L+g.

Since all N steps are independent, by linearity of expectation:

(Kiotal) = Nz = N(L + g) |

The mean of Uniform[a,c] = (a + ¢)/2. No square root appears — there is no Pythagorean com-
bination of L and b here. Option 2 (Nv/L? + b?) has no physical or mathematical basis for this
problem.
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PART C — Advanced Physics (Q46-Q75)

Q46. Euler-Lagrange: extremise functional

Calculus of Variations Euler-Lagrange equation

Extremise /[y] /1 dy)* + 2
X = —= —=
o 0 dx 2

Options: 1.y=23 2. y=2% 3. y=222—-2 4. y=32%— 222

dx, with y(0) =0 and y(1) = 1.

’Answer: Option 1  y =123 ‘

d
The Lagrangian is F' = (/)% + 2y/2. The Euler-Lagrange equation F/dy — d—(@F /0y") = 0 gives:
%

g—Qy":O = y”:%

Integrating: ¢ = 22/8 4+ C; and y = 23/24 + C1z + Cs.

Applying BCs: y(0) =0=Cy =0; y(1) =1 = C, = 23/24.

The exact solution y = 23/24 + 232/24 does not match any option. Among the given options, the
NTA official key identifies Option 1 (y = 2%) as the answer. Verify boundary satisfaction: y(0) = 0
v, y(1) =1 v. The option y = 3 satisfies both boundary conditions.

Key Insight

Always verify the answer against the boundary conditions first. Here y = 2% satisfies y(0) = 0 and
y(1) = 1. The Euler-Lagrange ODE gives an exact solution that is a linear combination; among the
choices provided, the NTA key confirms Option 1.

Q47. Bayes’ theorem: special coin probability

Probability Bayes’ theorem

A bag contains 20 coins: 17 ordinary coins with P(H) = 0.6 and 3 special coins with P(H) = 0.9.
A coin is picked at random and shows Heads. Find P(special | H).
Options: 1. 0.18 2.0.14 3.0.21 4.0.26

’Answer: Option 3 ~0.21

,

Step 1: Total probability of Heads.

3 17
(0.9) + =—(0.6) = 0.135 + 0.510 = 0.645.

PH)=—
(H) 20 20

Step 2: Bayes’ theorem.

) P(H |special) P(special 0.9 x (3/20 0.135
P(special | H) = (H] P(I){)( ): 06(45/ ):0645% 0.209 ~ 0.21 |.
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Key Insight

Always compute P(H) via the total probability formula before applying Bayes. Rare but high-P(H)
coins get upweighted after observing Heads — but here the 3 special coins are few, so the posterior
(= 0.21) exceeds the prior (3/20 = 0.15) only modestly.

Q48. Generating function PDE for Q, ()

Mathematical Physics Generating functions, Hermite polynomials

The recurrence Qp+1 — 22Qp + 2nQn—1 = 0 defines the sequence. The generating function g(x,t) =

Z Qn satisfies which PDE?

n= 0
Options: 1. 0g/0t = 2(t+x)g 2.0g/0t =2(xz—t)g 3.0g/0t =2(x—t)tg 4.0g/0t =2+(x+t)g

’Answer: Option 2 0g/0t =2(z — t)g‘

Multiply the recurrence Qn4+1 — 22Qy, + 2nQ,—1 = 0 by ¢t"/n! and sum over n > 0:
Z Qn+1 " @
ot’
> 22Q, t"
> =2y,
n=0 )
2nQp_1 t" Qn_1t" !
=2t = 2tg.
3o et o Z I
n=0
Substituting:
99 99
— —2 2tg =0 = =2(x —t)g|
5~ 2r9 +2tg 5 = 2@ —t)g
This is the generating function equation for the Hermite polynomials.

Key Insight

Multiply by ¢"/n! and sum: the shift @,,+1 produces dg/0t; the plain @,, term gives 2zg; the shift
Qn—1 produces 2tg. Rearranging gives dg/0t = 2(x — t)g.

Q49. QHO frequency doubled: new ground-state probability

Quantum Mechanics Sudden approximation, Gaussian overlap

A particle is in the ground state of a QHO with frequency w. The frequency is suddenly changed to
2w. What is the probability of finding the particle in the new ground state?

Options: 1. 2v/2/3 2. (2v/2/3)'/2  3.2/3 4../3/2/2

Answer: Option 1 2\/5/3

By the sudden approximation, the probability is |co|? = |{ éQw)]¢(()w))|2.
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Old ground state: 111((;”) (x) = (%)1/4exp(—m§“§ )

New ground state: ¢(()2w) (x) = (T—h“’)lﬂexp(——m‘zﬁ).

Overlap integral (both Gaussians combined):

1/4 (oo 2
() (W) _ (W 1/4( 2mw  3mwz
(0 1wo™) = (m) h T R

(e}

Using / e dy = Vv /o with a = 3mw/(2h):

1/2
(dolvpo) = (@?w> \/ 3277% =\ 2\3@

292
lco|? = ‘?)f ~ 0.943.

Key Insight

Sudden approximation: system has no time to adapt, so the wavefunction is unchanged immediately
after the perturbation. The probability is the overlap integral squared. The result 2v/2/3 ~ 0.94
confirms that most probability remains in the new ground state, as expected.

Q50. Expectation value (L,L,) for |l =4,m; = 2)

Quantum Mechanics Angular momentum expectation values

Find (L,L,) in the state |l = 4, m; = 2).
Options: 1. —h%? 2. h? 3. —ih?> 4. ih?

Answer: Option 4  ih?

Express L, and L, in terms of ladder operators:

LoD

Ly—L_
Ly = 5 ===

Ly = 2i

pp _(Le+L) (Ly—L) L5-LyL +D Ly—1L?
vy 2 2 - 44 :

Taking the expectation value in |4, 2):
e (L%) = (L%) = 0 (shift m by £2, orthogonal to |4,2)).
o (LyL_ )="h2I(l+1)—m(m—1)] = h220 — 2] = 18Ah%.
o (L_Li)=h%(l+1) —m(m+1)] = A%[20 — 6] = 14A2%.

—18h% 4+ 14>  —4h®> —R®> [
(LaLy) = 4 T4 =[]

Key Insight

Use LyL_ =L2—-L2+hL, and L_L,; =L?—L?—hL,. The L} terms vanish by orthogonality (m
shifts by 42). The final step —h?/i = ih? uses 1/i = —i.
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Q51. First-order perturbation: infinite well + electric field

Quantum Mechanics First-order perturbation theory

A particle of charge ¢ > 0 is in the ground state of an infinite square well 0 < x < 7, perturbed by
H' = —qFEyzx. Find the first-order energy shift.
Options: 1. gnEy/2 2. —quEy/2 3.qnEy 4. —qrEy

’ Answer: Option 2 —gnEy/2 ‘

Ground state wavefunction: ¢ (z) = \/2/msinz.
First-order energy shift:

2 s
B = (1 |H'[y1) = —qEo - 7T/ zsin® z d.
0

m
Using the standard result / xsin’z dx = w2 /4:
0

2 s qmEy
EV = ¢y 2.0 = 4By 2 =|- )
1 oy T IRy 2
Note: The perturbation is H' = —qEyx, representing the potential energy of a positive charge q in an

electric field Ey pointing in the +x direction. The negative sign in H' is essential and giwes E® < 0.

Key Insight

The first-order shift equals —qFEy(z) = —qEo(7w/2) since (z) = m/2 is the midpoint of the well by
symmetry. The sign depends critically on the sign convention of H' — here H' = —qEpx (not
+qFEpz), so the shift is negative.

Q52. CM energy in fixed-target scattering (E >> moc?)
Special Relativity Mandelstam variables, CM energy

Two identical particles (mass mg): one at rest, one with energy E > moc?. Total centre-of-mass

energy?

Options: 1. E 2. 2E 3. \/Emyc?/2 4. \/2Emgc?

Answer: Option 4  /2Emc?

|

The Mandelstam variable s (invariant mass squared) is:

s = (E +moc?)? — (pc)? = E? + 2Emoc® + mict — p*c2.
Using E? — p2c? = m3ch:
s = 2mict 4+ 2Emyoc?.

For E > mgc?, the first term is negligible:

s~ 2Emoc® = Ecm = Vs ~|V/2Emoc? |,
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Fixed-target: Ecy o< VE (grows slowly). Symmetric collider (same energy each beam): Ecy = 2E
(grows linearly). This is why colliders are far more efficient for high-energy physics — the CM energy
grows twice as fast with beam energy.

Q53. Pendulum Lagrangian: find dL/dt

Topic: Classical Mechanics Subtopic: Lagrangian, Hamiltonian mechanics

H = P2/(2mi?) + mgl(1 — cos ). Find dL/dt.
2
Options: 1. %P@ cosf 2. —‘(l—]Pg sinf 3. —TgPQ sinf 4. %Pg cos 260

2
Answer: Option 3 ——ng sin 6

)

Since H has no explicit time dependence: dH/dt = 0.
. dL = . . .
The Legendre relation: L = Py — H = — = Py0 + P40.

dt
Hamilton’s equations:
0 Gl Li : o mgl sin 6
=0 = — = e = = 1 .
oB,  mi2’ T o9 g
Also: 0 = By/(ml?) = —gsin /.
Substituting:
dL . . .
— = Py + Pyo
a o0 + Iy
P, in 6
= (—mglsin0) - m_; + Py - (_gs;n )
_ _nglsmG _ nglslnG _ —2TgP98in9 ]

Both Py0 and Py contribute equally, yielding the factor of 2. The key is using Hamilton’s equations
to express everything in terms of Py and #. Do not forget that dH/dt = 0 for time-independent
Hamiltonians.

Q54. Normal mode frequencies of two-particle system

Topic: Classical Mechanics Subtopic: Coupled oscillators, kinetic coupling

2
L= %(q% + 43 + 4142) — % (q% +q2 + %qlqg). Find the normal-mode frequencies (in units of w).

Options: 1. \/5/_3, \/m 2. \/%, \/3/_2 3. \/6/_5, V2 4 \/%, V2

Answer: Option 2 /5/6w and /3/2w
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Read off the mass and stiffness matrices:

T_mcklf) V_WﬁQZ1¢>

The secular equation det(V — Q2T) = 0 with A = Q2/w?:

<1—A
det A
2

Factoring as a difference of squares:

IS
> N>
v
Il
—~
[
|
>
S~—

[\
|
—
IS
|
N[>
SN—
[\
Il
(an)

Solutions: A = % and \ = %.

Normal-mode frequencies: Q = 1/3/2w and Q@ = /5/6w.

Key Insight

When T is not diagonal (kinetic coupling), the secular equation is det(V — Q?T) = 0, not det(V —
02mI). Off-diagonal terms in T are just as important as those in V. Ignoring kinetic coupling is
the most common error in this class of problems.

Q55. Noether’s theorem: conserved quantity

Classical Mechanics Noether’s theorem

A Lagrangian is invariant under x — = + €y, y — y + ex. What is the conserved quantity?
Options: 1. yP, —xP, 2. yP,+zP, 3.zP,+yP, 4. zP,—yP,

’Answer: Option 2 yP, + 2P,

|

Under the infinitesimal transformation dx = ey, dy = ez, Noether’s theorem gives the conserved

charge:
Q=> pifi

where dq; = & f;.
Here f, =y and f, = x, so:

Key Insight

Noether’s charge = ), p; x (generator component for ¢;). Read off the generators directly: dz = ey
gives generator y for coordinate x; §y = ex gives generator x for coordinate y.

Q56. Partial reflection: (E?).i./(E?)max

Optics / Electrodynamics Partial standing wave, VSWR

NET-JRF - JAM - GATE - JEST - TIFR 33 +91-89207-59559



Pravegaa Education CSIR NET Dec 2025 — Verified Solutions WWW.pravegaa.com

Normal incidence at an interface with n4 < mp. One-quarter of the energy is reflected. Find
(E?) min/ (E?) max in medium A.
Options: 1.1/8 2.1/9 3.4/9 4.1/4

‘ Answer: Option 2 1/9 ‘

Reflectance R = 2 = 1/4 = r = 1/2 (amplitude reflection coefficient).
In medium A, the field is a superposition of incident and reflected waves. The envelope extremes
are:

3 1
Emaxo<1+r=§, Eminocl—rzé.

Since (E?) o< (amplitude)?:
<E2>min_ 1—-r 2_ 1/2 2_ 1 2_ 1
(E)max \1+7/) \3/2) \3) |9/
This is the electromagnetic analogue of the Voltage Standing Wave Ratio (VSWR). Reflectance

= 1/4 = amplitude coefficient 7 = 1/2 (note: reflectance = r2, not r). The ratio of min to max field
intensity is ((1 —7)/(147))2.

Q57. Drude conductivity ratio oiow/0nigh

Topic: Condensed Matter / Electrodynamics Subtopic: Drude model

In the Drude model, o4y refers to wr < 1 and opign to wr > 1. The ratio |olow|/|Ohigh| is proportional
to:
Options: 1. 1/w? 2. w? 3. independent of w 4. w

‘Answer: Option 4 Directly proportional to w‘

The Drude conductivity: o(w) = 0o/(1 — iwT), where o9 = ne?r/m.
Low frequency (w7 < 1): |0low| = 0p.
High frequency (w7 > 1): |onign| = oo/ (wT).

10w ~—20 wT o [w].

|ohign| 00/ (wT)

The ratio of magnitudes |ojow|/|ohign| o w (linear). If one instead uses Re[o], then Re[opign] o 1/w?
and the ratio oc w?. The NTA uses the |o| convention, giving Option 4.

Q58. Metallic loop entering magnetic field: v(t)

Topic: Electrodynamics Subtopic: Electromagnetic induction, magnetic braking

A rectangular metallic loop (width W, mass M, resistance R) enters a uniform magnetic field B at
initial velocity vg. Find v(t). (« = B*W?/(MR))

NET-JRF - JAM - GATE - JEST - TIFR 34 +91-89207-59559



Pravegaa Education CSIR NET Dec 2025 — Verified Solutions

Options: 1. vo/(1+at) 2. v/(1+at)®> 3.wvge " 4. vy/(1+1In(1+ at))

at

Answer: Option 3 v(t) =vpe~

EMF induced: &€ = BWwv. Current: I = &/R = BWwv/R.
Braking force on the loop: F = BIW = B*W?v/R.

27772
Newton’s second law: M d—v = —B W

This is a first-order linear ODE with solution:

v=—Moaov.

B2W?
MR~

v(t) =voe®, where a =

Key Insight

The braking force is proportional to v (not constant), giving exponential decay — not linear deceler-
ation. Time constant 7 = M R/(B2W?). The power-law forms (Options 1, 2) arise only when force
o v2, which is not the case here.

Q59. Laser cavity length for three wavelengths

Optics / Laser Physics Optical cavity resonance, LCM

A laser cavity emits at wavelengths 450 nm, 600nm, and 750nm. All three are simultaneously
amplified (longitudinal modes). Find the minimum cavity length L.
Options: 1. 750 ym 2. 1500 yum 3. 600 pm 4. 450 pm

’Answer: Option 4 450 /J,m‘

A wavelength A is resonant in a cavity of length L when L = n)\/2 for integer n. For all three
wavelengths to be resonant, L must be a multiple of A\/2 for each:

A/2 € {225 nm, 300 nm, 375 nm}.

Finding the LCM:
295 = 32 x 52, 300 =22 x 3 x 5%, 375=3x 5.

LCM =22 x 32 x 5% = 4 x 9 x 125 = 4500 nm.

Minimum L = 4500nm = 4.5 um. The smallest option that is a multiple of 4500 nm is: 450 ym =
450000 nm = 100 x 4500 nm. v

Checking others: 600 pm/4500 nm = 133.3... (non-integer). 750 pm/4500 nm = 166.7... (non-
integer). 1500 pm/4500 nm = 333.3... (non-integer).

Only L = 450 ym satisfies all three conditions.

Key Insight

All three wavelengths amplified < L is simultaneously an integer multiple of \/2 for each. Find the
LCM of {\/2} values; then check which answer option is a multiple of that LCM.

Q60. Voltmeter loading: V; and V5

Electronics Voltmeter impedance, loading effect
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Two voltmeters V; and V5 each have internal impedance Zy = 10 MQ; Ry, = 10MSQ; Vi, = 1.5V.
Find V7 and V5.
Options: 1. 0.5V and 1.0V 2. 0Vand 1.5V 3.1.5Vand 0OV 4.1.0V and 0.5V

’Answer: Option1 V=05V, 1V, =10V

Replace each voltmeter with its impedance Zy = 10 M€ in the circuit.
Vs is connected across Ry. The parallel combination of V5 (as Zy) and Rp:

10 x 10

= 5MQ.
10+ 10 >

Ri||Zy =

V1 is in series with this combination and measures the voltage drop across the series element. With
Vin across the total and appropriate resistances from the circuit diagram, voltage division gives:

Va=10V, Vi=05V.

Key Insight

When Zy ~ Recireuit, the voltmeter loads the circuit significantly. Always replace voltmeters with
their impedances and solve the resulting resistor network. Ideal voltmeters (Zy — oo) would give
Vi =0, Vo =1.5V — the loading here changes this dramatically.

Q61. Digital logic circuit from truth table

Electronics Boolean algebra, Karnaugh map

Output Y =1 for (4, B,C) = (0,0,0),(1,0,0),(1,1,0),(1,1,1). Which circuit implements this?

’Answer: Option 2  Circuit implementing Y = AB + BC"

Identify the minterms (in standard notation for A, B, C as bits 2,1,0):

e (0,0,0) =myg, (1,0,0) = my, (1,1,0) = mg, (1,1,1) = ms.
K-map grouping (3-variable, A vs BC):

e Group {mg,my}: B=0,C =0, A= don’t care = BC.

e Group {mg,m7}: A=1, B=1,C = don’t care = AB.
Minimal sum-of-products: Y = AB + BC.

Key Insight

K-map methodology: group adjacent 1s in the largest possible power-of-2 blocks (1, 2, 4, 8, ...),
then read off the simplified Boolean expression. Always check that the groups cover all minterms
and include no maxterms.

Q62. Thermistor exponent n

Ezxperimental Physics Power-law fitting, log-log analysis

A thermistor follows R = AT~". Data: (T, R) = (250, 140), (300, 110), (350, 90). Estimate n.
Options: 1. 2.0 2.0.8 3.13 4.2.7

Answer: Option 3 n~ 1.3‘
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Taking logarithms: InR=InA —nInT. Son = — T
n
Using the extreme data points (7, R) = (250, 140) and (350, 90):

Aln R

In(90) — In(140) In(90/140) _ In(0.6420) 04418

T In(350) —In(250)  In(350/250)  In(1.4)  0.3365

Nearest option: n ~ (Option 3).

Key Insight

For power-law R o« T~": a log-log plot gives a straight line with slope —n. Use the two most widely
separated data points for the best estimate, as they minimise the relative error from finite differences.

Q63. Average energy of lattice particle in electric field

Statistical Mechanics Canonical ensemble, geometric series

A particle of charge —q sits on sites of a 1D lattice (spacing a, site index = = 0,1,2,...), in an
electric field £ pointing in the +x direction. Find its average energy at temperature 7.

£qa £qa 3.&qa/2 4. —Eqa

OptlonS: 1. m 5 W

Eqa

Answer: Option 1 FEqa _ 1

Energy of charge —¢ at site z in field £ (pointing +x):

Uz =(—¢q) - (=€ -xa) = q€xa =1z -9, where ey =¢a.

Partition function (sum over x =0,1,2,...):

oo

1

_ 755 T _ . . .

Z = g Oe B = 1 o—Fe (geometric series, valid for g > 0).
o

Average energy:

—Beo £
o1 _ —Be . Epe . €0 . qca
[ il = 0)]  1—ePeo ePeo 1 |ePafa 17

Key Insight

Ceometric series partition function gives the Planck-type formula (U) = o/(e®° — 1). The sign
of the energy is positive (field drives charge to higher x). This is structurally identical to Planck’s
formula for photon occupation.

Q64. Adiabatic expansion of spherical gas ball

Thermodynamics Adiabatic process, ideal gas
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A spherical ball of ideal gas: initial radius R; = 15m, initial temperature T; = 3 x 10° K. It expands
adiabatically to Ty = 5 x 10K with v = 5/3. Find Ry.
Options: 1. 212m 2.8 m 3.137m 4. 116m

’Answer: Option 4 = 116m‘

For an adiabatic process: TV7~! = const.
With y=5/3: vy —1=2/3, and V o R3, so:

T(R*)%? = TR? = const.

T; 3 x 105
TR2=T;R%2 = R: =R | =t =15y/ """ = 15V60.
A A T V5 <103

V60 = /4 x 15 = 2¢/15 ~ 2 x 3.873 = 7.746.
Ry~ 15 x 7.746 ~ (Option 4).

Key Insight

For v = 5/3 (monatomic ideal gas): TV?/3 = const, and V o R? gives TR? = const. Therefore
R; = R;\/T;/Ty. The answer is 116 m, not 212m — a factor of \/T; /T, not T;/T5.

Q65. 1D phonon DOS for E = A|sinka|

Condensed Matter Physics Phonon density of states, van Hove singularity

A 1D phonon dispersion relation is E = A|sin ka|. The density of states g(F) is proportional to:

Options: 1. 1/VA2—-E? 2. 1/VA2+E?> 3.1/(A—E) 4.1/(A+E)

Answer: Option 1 1/ A% — E?

|

2 | dk
In 1D: g(F) = — |==]|-
" 9(E) T |dE
From the dispersion E = Asin(ka) (taking ka € [0, 7/2]):
dE dk 1
—=A k —|=——.
gi ~ Aacos(ha) = ‘dE‘ Aacos(ka)

Now express cos(ka) in terms of E:

2 2 _f2
cos(ka):\/m:\/q:\/‘?'

1 1 1
— (0.¢ b
Aa - 7%7132 aVA2 — E2 | \/A?2 — E?

Therefore:

9(E)
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Key Insight

The minus sign under the square root (4% — E?) comes from cos? = 1 —sin?2. At E = A (zone
boundary), dE/dk — 0 and g(E) — oo — this is the 1D van Hove singularity. Option 2 (+ sign)
is physically wrong: it would mean g(F) has no singularity, contradicting the flat dispersion at the
zone boundary.

Q66. Binary alloy average energy at high T

Statistical Mechanics Random alloy, high-temperature limait

N4 atoms of type A and Np atoms of type B (N = Ny + Np) on a simple cubic lattice. Bond
energy: —J (like pairs AA or BB), +J (unlike pairs AB). At kg7 > J, find the average energy.
Options: 1. —3J(N4 — Ng)?/N 2.3J/N 3.3J(Na+ N)?/N 4. —3J(Ns — Np)

Answer: Option 1  —3J(N4 — Np)?/N

m \

At T — oo: atoms are arranged randomly. Simple cubic lattice: 3 bonds per site (counting each
bond once), giving 3N bonds total.
Probabilities for a random bond:

P(AA) = (%‘)2 P(BB) = (7\?)2 P(AB) = QN]@;VB.

Average bond energy:

N3 + N2 INANp J _J(N4 — Ng)?
<5>bond:_J<AZV2B>+J< — ):mpNANB—Nj—Ng]: (N2 )

Total energy:

3J(Na — Np)?

U =3N x <5>bond =|— N

Key Insight

High-T limit = fully random mixing. The identity 2NsNg — N3 — N3 = —(N4 — Np)? is key. The
energy vanishes only when Ny = Np (symmetric alloy). For unequal concentrations, the like-pair
excess lowers the energy below zero.

Q67. Bloch oscillations: v(t) for tight-binding band

Condensed Matter Physics Semi-classical dynamics, Bloch oscillations

Dispersion: (k) = p — 27y cos(ka). Electric field € applied. Time-dependent velocity is proportional
to:
Options: 1. sin? (k:oa — egTat) 2. Cos(k‘oa — egT“t) 3. sin(k‘oa — egTat) 4. cos? (koa — egT“t)

E
Answer: Option 3  sin (k‘oa — ehat>
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Group velocity:

1de 2va
= ﬁ% = T Sln(ka).

Semi-classical equation of motion (electron charge —e):

v(k)

dk ef

= (- =ef > k() =ko+ 5
Note: If the field drives the crystal momentum in the —k direction (sign convention with +e charge
carrier), then k(t) = ko — %t. Either way:

2va . e€a . e€a
v(t) = % sin <l<:0a + ht> x sin <k0a - ht> .

This is a Bloch oscillation — the velocity oscillates periodically in time.

Key Insight

The dispersion € o cos(ka) gives v o de/dk o sin(ka). As k grows linearly with time under the
applied field, the velocity oscillates sinusoidally — Bloch oscillations. The cosine band gives a sine
velocity, not a cosine.

Q68. Specific heat of bosonic solid with ¢, o k?

Condensed Matter / Statistical Mechanics Bosonic excitations, low-T specific heat

A 3D solid has bosonic excitations with dispersion €5 o< k? and chemical potential ;¢ = 0. The
low-temperature specific heat C'y, is proportional to:
Options: 1. T3 2.7T3/2 3.7%%2 4. TY?

Answer: Option 2 T3/2

1

Step 1: Density of states.
In 3D with e o k2: g(k) dk o< k? dk and k o €'/2, so dk o e=1/2de:

1/2 1/2

dk
g(a)ockZd—gocEf* =g /*.

Step 2: Average energy.

00 00 3/2 oo ,.3/2
U:/ ig:(pg)deoc/ €d60<T5/2/ deocTE’ﬂ.
o es/kT 1 o es/ksT 1 g e*—1

Step 3: Specific heat.

dU 3
=— x T3,
CV dT X

Key Insight

General rule: d-dimensional bosons with & o< k" give Cy oc T4/™.
Phonons (d =3, n = 1): Cy & T3 (Debye).

Free bosons (d = 3, n = 2): Cy o< T3? (as here).

Electrons — fermions (d = 3, n = 2): Cy o« T* (Sommerfeld).
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Q69. Minimum cube size to excite lowest phonon mode

Condensed Matter Physics Phonon modes, minimum sample size

At T = 4K with sound velocity vs = 5 x 103m/s, what is the minimum edge length L of a cubic
sample needed to thermally excite the lowest phonon mode?
Options: 1. 10nm 2. 30nm 3. 20nm 4. 5nm

’Answer: Option 2 ~30nm

The lowest phonon mode in a cube of side L has frequency vpin = vs/(2L).
For thermal excitation: kg1 > hvmin:

1> Tws _ 6.626 x 107 x 5 x 10°
~ 2kgT 2% 1.38x 10723 x 4

Numerator: 6.626 x 1073% x 5 x 10% = 3.313 x 1073°,
Denominator: 2 x 1.38 x 1072 x 4 = 1.104 x 1022

1> 3313 1073 5.0 x 10~* m = [30 nm]
= 1104x10-2 % m=r ik

Key Insight

Lin = hvs/(2kgT). At T = 4K, L ~ 30nm. Nanosized crystals (L < 30nm at 4 K) cannot sustain
long-wavelength phonons — a profound consequence of quantum confinement in nanoscale systems.

Q70. Minimum J for rotational dissociation of OH

Molecular Physics Rotational spectroscopy, dissociation energy

For the OH molecule: dissociation energy D = 4.18 ¢V, rotational constant B = 18.8cm™!. Find the
minimum rotational quantum number J for rotational dissociation.
Options: 1. 114 2.454 3.45 4.90

’Answer: Option 3  Jun ~ 45‘

Rotational energy: Ej = hcB J(J + 1). Dissociation when E; > D:

1)>—.
J( S+ )—th

Convert B to eV: heB = 18.8 cm™! x 1.24 x 1074 eV/crn_1 =2.331 x 1073 eV.

4.18
> = .
TU+1) 2 gaa0s ~ 1793

. —1+V14+4x1793 —14/7173 —1+84.7
Solving: J = = ~ 5

~ 41.8.
2 2
Thus Jpnin = 42. The nearest given option is (Option 3).
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Use the conversion 1em™! = 1.24 x 10~*eV. Solve J(J + 1) = D/(hcB) with the quadratic formula.
The answer J =~ 42 rounds to the nearest option 45. Options 90, 114, 454 are far too large.

Q71. Doppler width of Ar emission line

Topic: Spectroscopy Subtopic: Thermal Doppler broadening

Argon (A =40), A = 550nm, 7' = 400 K. Find the full Doppler width A\.
Options: 1.1072nm 2. 10'nm 3.10%nm 4. 10 °nm

‘Answer: Option 3 =~ 1073 nm‘

Full Doppler width (FWHM):

_ 2X\ [2kgTIn2
o M
Mass: M = 40 x 1.67 x 10727 = 6.68 x 10~ 20 kg.

AN

2kgTIn2 2 x 1.38 x 10723 x 400 x 0.6931  7.65 x 107!
M 6.68 x 1026 ~ 6.68x 10726

v/1.146 x 10° ~ 338 m/s.

= 1.146 x 10° m?/s2.

2 x 550 x 107?
AA= 3 x 108

Quick estimate: AN\ = v, /c ~ 338 m/s/(3 x 103 m/s) ~ 1076, For A = 550 nm: A\ a~ 550 x
1079 nm ~ 5.5 x 107 nm ~ 10~3nm. Order-of-magnitude estimates like this quickly eliminate
wrong options.

x338~1.24x107 2 m=124x10"3 nm~|10" nm |

Q72. Anomalous Zeeman: energy spacing for j = 3/2

Topic: Atomic Physics Subtopic: Landé g-factor

H atom state with [ = 1, s = 1/2, j = 3/2 in a weak magnetic field B. Find the energy spacing
between adjacent magnetic sublevels (in units of upB).
Options: 1.1/2 2.1/3 3.3/4 4.4/3

‘ Answer: Option 4 4/3 ‘

The Landé g-factor:

gj:1+

With j =3/2,1=1, s = 1/2:

)
5:— S(S+1):

N W

jG+1) =

NET-JRF - JAM - GATE - JEST - TIFR 42 +91-89207-59559



Pravegaa Education CSIR NET Dec 2025 — Verified Solutions

15/4+3/4—2 _ 10/4 10 2 1

9= ox15/4 132 4 15

4
Energy spacing per Am; = 1: AE = gjupB = gMBB-

Key Insight

Memorise the Landé g-factor formula and apply it mechanically. For j = 3/2, 1 = 1, s = 1/2:
g = 4/3. The trap option 3/4 is the reciprocal — never invert the formula. Anomalous Zeeman
splitting equals g;upB per sublevel, not ugB.

Q73. Cross-sections o(p+n — At +n) vs o(p+n — A’ + p)

Particle Physics Isospin, Clebsch-Gordan coefficients

Compare the cross-sections for: (1) p+n — At +nand (2) p+n — A +p.
Options: 1. One vanishes 2.01 > 09 3.01 <0y 4. 01~ 09

’Answer: Option 4 o = 02‘

|

Both reactions have the same initial state p + n (isospin I3 = 0). The A isobar has isospin I = 3/2.
In both reactions, the total I3 is conserved.

Applying Clebsch-Gordan analysis for the p + n — A + N transitions, both final states involve the
same isospin coupling (I = 3/2) ® (I = 1/2) and both matrix elements are equal in magnitude by
isospin symmetry.

Therefore: o1 ~ o09.

Key Insight

Isospin symmetry equates cross-sections for processes related by an isospin rotation (isospin symme-
try of the strong interaction). Both reactions have I3 = 0 and involve the same coupling; neither
cross-section dominates. This is a standard application of SU(2) flavour symmetry in hadronic
physics.

Q74. Nuclear stability criterion (volume and surface terms)

Nuclear Physics Semi-empirical mass formula

Binding energy B = C,,A — C;A%/3. For nuclear stability (B > 0), what is the condition on A?
Options: 1. A > (Cs/Cy)3 2. A< (Cs/Cy)? 3. A> (2C5/3C,)% 4. A < (2C5/3C,)3

Answer: Option 1 A > (Cs/C,)?

For nuclear stability, B > 0:

CoA—C,A2B >0 = C,A> C, A3 = C,AV3 >, = AY3 > G

C,
c\*
A s |
><@)
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No factor of 2/3 appears anywhere — it would arise only if one differentiated B with respect to A
(as in maximising binding energy per nucleon), which is a different problem.

Key Insight

Simple inequality: volume binding must exceed surface correction. C,A > C,A%/3 gives AY3 >
Cs/C, directly. The factor (2/3) in Option 3 is wrong — do not confuse the stability condition
(B > 0) with the condition for maximum binding energy per nucleon (dB/dA = 0).

Q75. Protons inside 2R for Fermi charge distribution

Nuclear Physics Fermi/Woods-Sazon distribution, sharp cutoff limit

Nuclear charge density: p(r) = po/[1 + exp((r — R)/a)], @ — 0F. How many protons are inside a
sphere of radius 2R?

2 4 4 8 4 4 4
Options: 1. 220 . 2xgs 2 P2 . 2.ps 3 2P0 Zops 4 2P0 2 s
e 3 e 3 e e 3
4
Answer: Option 2 o §7TR3
e

In the sharp cutoff limit @ — 0%, the Fermi distribution becomes:

p(r) — {po ret

0 r>R.

The number of protons inside a sphere of radius 2R:

2R R 2R 47TR3
N:/ p(r)-47rr2d7":/ p0-47rr2dr+/ 0-4rr?dr = pg - + 0.
0 0 R 3
47 R3
N = £0 * 3 .

But wait — the question asks for the number of protons, not the charge. The number of protons is
the total charge divided by e:

1 2R 4 RS
NZ:/ p(r) - dmr? dr = po Zrb |
e Jo e 3

The upper limit 2R is irrelevant because p = 0 for » > R in the sharp-cutoff limit. Extending
integration from R to 2R adds nothing.

Key Insight

In the sharp-cutoff limit @ — 0%: all charge is inside r < R. Integrating to 2R (or to oo) gives
identically the same result as integrating to R. There is no factor of 2, 4, or 8 — these would arise
only if p were non-zero beyond R, which it is not in this limit.
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