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1. A proton, when accelerated through a potential difference of ¥ volts, has a de E?oghe
wavelength associated with it. If an a particle is to have the same wavelength, wILa‘i w1H be

@
the potential difference through which it should be accelerated? &
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2. An object is placed 60 cm away from a convex mirror. The %@e of the image is 1/ 31d of the

size of the object. Determine the radius of curvature of thg:ﬁurror
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3. Two horizontal discs rotate freely about @Vertlcal axis passing through their centres. The
moments of inertia of the discs relatn@ to this axis are equal to I; and I, and the angular
velocities are w4 and w, respectlvelé&When the upper disc fell on the lower one, both discs
began rotating as a single disc,ég&er some time. Find the work performed by the frictional

Q
forces in this process. 3
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Inap 52/ $junction, a potential barrier of 250 meV exists across the junction. A hole with a
klngﬁc energy of 300 meV approaches the junction. Find the kinetic energy of the hole when

g«:rosses the junction, if the hole approached the junction (a) from the p-side and (b) from the

PR T
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QVQ’ n-side.

S

& gfB GIATGR p-n HLTIIFETA 250 meV TSI ATO WITR | 300 meV Mo ET B0

& (T p-n ST AT W 2T | ST WS N FAF STNY (2167

& SS*& Nefa T, IM &G - (a) p 9T TF (ATF 412 (b) n IF FF (WF WA
=



PRASENJIT
Typewritten text
THIS IS JUST A SAMPLE QUESTION PAPER FOR JBNSTS SENIOR TALENT SEARCH. 
JBNSTS KOLKATA DOES NOT PERMIT ANY UNAUTHORISED COPYING, PRINTING, 
PUBLISHING OR SELLING OF THIS DOCUMENT

PRASENJIT
Typewritten text
FULL MARKS - 100								TIME :3 HOURS


Do

The ratio of intensities of two light waves (producing interference patterns) is 9:1. Hence find

the ratio of intensities of bright and dark fringes, produced by the same light waves.
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A pair of electric charges of equal magnitude g with 3l
%
opposite signs are separated by a distance [, as shown 3 @?@;\\
in the figure beside. Find the approximate magnitude &
. . . S
and direction of the electric field set up by the two \g\
=4 +q
charges at a point P (0,r) on the y-axis, which is located o? f ; x
. L —\\%{-Ev 0) (7- 0)
at a distance r > [ from the axis. QOQ
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A long, straight, hollow cylindrical wire w1t]g%dn inner radius R and an outer radius 2R carries
a uniform current density. Draw a gr@% to represent the qualitative behaviour of the

magnitude of the magnetic field as a ﬁ;hctlon of the distance from the centre of the wire.
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A planet of mg}? M moves along an elliptic path around the Sun of mass Mg, so that its
maximum %33 minimum distances from the Sun are equal to r; and r, respectively. Find the

angular ga%mentum of the planet relative to the centre of the Sun.
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Group -B
(Answer any 5 questions. Each question carries 5 marks / @ @R b 207
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9. The graphite is converted into diamond at 25°C. The densities of graphite and diamond @ﬁ
2.5g/cc and 3.51g/ce respectively, which does not depend on pressure. The change in Q?f\)bs
free energy with pressure is -2900J/mol. What will be the equilibrium pressure §o)r this
conversion? @v

25°C STINIETH ATFIRG TS TSRS TW| ATHIRT ] mwgﬁmﬂ 2.5
em/ce IR 3.51 gm/ce TN BICR GHNF NG 7| BI°f 7% 513 a@iﬁ@? I EEICR|
-2900 J/mol (e, G2 FATSIIX G SIATN 517 fF (A2 &
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10. (a) Why petrol is a liquid at room temperature but butane is a gas? QQ'

(b) The reaction of the ester ethyl methanoate and sodium hydrox1dc~ in water is performed with
NaOH in great excess ([NaOHJ, = 0.23 mol dm™). The ré?ictlon has a half-life that is
independent of the initial concentration of ester prese(ﬁ“ 13.2% of the ester remains
unchanged after 14 min and 12 s. Find out the second- oy\cﬁr rate constant of reaction, k,?
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11. Name one technique which coyd determine the exact mass of the atomic nucleus. What is
mass defect of an atomic nucléhs” How it is related to the stability of a nucleus?
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12. Acc1dentall§gé\one of your mementos made with oyster shell is fallen into a beaker full of
vinegar. X&l observed that a colourless gas (A) is liberating. At 200-210 °C and under
the100 QZ80 atmosphere pressure said gas (A), reacts with another gas (B) having pungent
smel orming a fertilizer (C). Identify A, B and C and write the chemical equations.
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(a)
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(a)

(b)

14.

15.

16. (a)

(b)
(a)

g@?

At the time of starting a car, the (Pb-Acid)-battery delivers roughly 50 amperes of current.
During the 5 seconds that it might take to start the car, in total how many grams of Pb and

PbO, shall be consumed in the battery? g

If the car runs solely on the battery, how many grams of Pb and PbO, would be consume§

per mile if the battery of 50 amps, propell it at Smph? oo

O
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Calculate the ratio of separation between successive (10@90 (110) and (111) lattice planes in
a cubic cell. 52-

B0 TAPIPIE I (FIIA (100), (110) 5@9 (111) ST T [{oan W
fSefy w91 & [5]

You are given following three nickel complzeﬁies:
N
o
. g —yr N
INI(CN)J", INICL™, IN(CO)] - 5
Q

Can you compare their relative maﬁetic behavior?

fafe Gt cﬁrﬁ@ﬁa@ﬁmﬁﬂsw §T(a et A
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During electrolysis %Q‘f‘/ aqueous solution of CdCl,, assume you use either platinum or
mercury as catho@éi Do you expect any difference in the cathode reactions in these two
cases? Justify )é\gur answer.

%
What is the,\ﬁ?agnetlc nature of Fey(CO)y? Justify your answer.
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Group —C
(Answer any 5 questions. Each question carries 5 marks / @ &9 6 ‘Zitﬂ?go
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17. Let S be a square of unit area. Consider any quadrilateral whose vertices lie on eachgaode of S.

If a,b,c and d denote the length of the sides of the quadrilateral, prove that éy
2 &

O

2<a?+b*+ct+d?*<4. K9
\
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18. Determine the lengths of the diagonals of a parallelogram g{ﬁose adjacent sides are d = 2m +
Q>

#and b = 7 — 27 where 7 and 7 are unit vectors end%sing an angle of 60°.
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19. If z=x+iywith x,y € Qand Izl_v— 1, then prove that |z?" — 1| € Q forall n € N.
@ z=x+iy TN, CﬂﬁrﬂgfyeQ\‘Blzl—l OIR(A AN BT (T AR neN
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20. If the probability of gﬁ%osmg an integer k out of 2m integers is inversely proportional

to k* (1 <k< Zm\Q;/ then show that the probability of choosing an odd number is greater

&
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than > Q/e
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21. 5{? a and f are roots of the equation ax? + bx + ¢ = 0, then find
&
& . |1 —cos(cx?+ bx + a)
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% ol 2(1 — ax)?
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Let ABC be an equilateral triangle, where A = (xy,¥1), B = (x2,¥2) and C = (x3,y3) .
Given that x2 + (y; — 1)2 = x2 + (y, — 1)? = x% + (y3 — 1). Prove that

(g + 22 +x3)% + (O +y2 +¥3)% = 3. &
§‘°
(NN FE, ABC 436 IR fAQW, (T 4= (x,y,).B = (03,y2) 8 Co%
(3, y2) | AS O x7 + (g — 1% = oZ + (2 — 1)? = 23 + (y3 — DI —rsca,g‘m

PEE \%o
(o + 32 + %) + 01 +y2 +y2)* =3 1] &
Q_
S
o
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23. Solve the following LPP by graphical method: %Q?
Maximizez=x+y @é\\
subject to 4x+y = 40 o
x+y=12 &
2x+3y =290 &
x,y =20 éoo
(TSR G N STmfe C?lefs—r—dsmg?mamw
z = x + y — 99 AN N N7 T, $
fNTHR SR ACAT, o
4x +y = 40 $
x+y=12 &£
2x + 3y =90 §
x,y 20] &
voo
V\g‘ (5]
24. Letafunction f:[0,2x] » R be/\gboﬁned as f(x) = 2 sinx. Sketch the graphs of y = |f(x)|
S
and y = [f(x)]. gb‘;

[N B, f[OZn]—»@ S STTHHTE G WS (T F(x) = 2sinx T OTRCA
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Group -D
(Answer any 5 questions. Each question carries 5 marks / @ @ ¢

A Ted RS TR AORM® 7 ¢ TIER)
Match the relation between following terms §°
A
a. Phylum- Nematoda i. Fin-rays OOQ
s
b. Class- Aves ii. Mouth without jaw @‘y
. o
S
c. Super-class- Agnatha iii. Pseudocoelom ,§°
d. Phylum- Porifera iv. Non motile Q\)‘z’\"
e. Class-Osteichthyes v. Pneumatic bones §
&
e
NI
AR @fef AR==If{E ST il sTens. ¢
a. SPIRE- N SICOTT i. -’
&
b. ST ii. (BTETY Sy IZ(S
2\
c. SATIS- ATANTAT 111§f§| GUGITEATN
Q_
d. PIREATN-ATITHAT Liv. eR
e. PII-SIPBHAS S | v FREiE @
A
K [1x5=5]
*_
&
%
‘Multiple alleles act not gﬁbindividual level but only at population level’-justify the
statement with the exarg?pcle of inheritance of ABO blood group in human.
9
A
%
R DS T I FE N BT Gl BT (population
level) TG FIL AT ABO (G P TSAMRIIRA GurzdT W [Jfofea
TS NS |
K
& [5)
What iqsg_fﬁe causative agent of Monkeypox and how can it be transmitted to human?
Q
<
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28.

29.

30.

31.

A taxonomist has found three related species of an insect with three different variations of
wing pattern. He has coded the variations as 0, 1 and 2 to establish taxonomic relationship
among the insect species. What is the basis of taxonomy that he is following? Enumerate two
sources of variation in a population.
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What is “Happy Hypoxia”? How can it be readily detected? Q<§
o
Ry RT3 RFSTa 451 STR0S) STIE Al (TS SFE?
O
9
& 3+2=5

Suppose you have been asked to carry out an expegﬂqrhlent wherein, you have been
given a test tube containing an enzyme that binds toe‘a‘? substrate and that enzyme has a
fluorophore attached to the substrate binding site. V@fﬂe doing such study you have added
a urea solution in the test tube. How will you fggovw the effect of urea addition and what

would be your possible observation? &

9

%
1 N COTNIIS TG RV A0S g JONCZ (RAH, (oS (6 (G068
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,\v& [2+3=5]

Congenital deafne; OQin humans is inherited as a recessive condition. In the following

pedigree, two degf’ individuals, each presumably homozygous for a recessive mutation, have
married and p@%uced four children with normal hearing. Propose an explanation.

A
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(Answer any one question. Each question carries 25 marks / @& >
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(a)

(b)

(©)

(d)
(e)

®

(2)

(b)

(©)

(d
©

Group -E

O

Find the expression for the acceleration of a simple harmonic oscillator, hence ﬁn@k\?he

&

maximum acceleration. RS
&
Show that, for a body executing SHM, the acceleration leads the velogﬁaty by g and

e
displacement by =.

A particle executes SHM with a time period of 2 s and amplitude 5 cg&qi?md the maximum
magnitude of velocity. §
Find the dimension of the force constant of a spring, vibrating é'@?gHM.

A block of mass 2 kg attached to a spring of force con§_§nt 50 N/m executes simple
harmonic motion. If the initial velocity is 3 m/s and the é‘ntlal displacement is 0.8 m, what
is the amplitude of motion of the block? /SQQ-

At 16° C, two open ended organ pipes, when soﬁded together produces 51 beats in 3 s.
How many beats per second will be produceeL 1f the temperature rises to 51° C? (Neglect
the increase in length of the pipes due to r;geqz)f temperature. )
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34.(a)

(i) Malachite Green is an ore of copper. It has a general formula of CuCO;.Cu(OH),. If we
consider all the copper metal of that ore are extractable, and if you start with 2Kg 445 g of
that ore, calculate the amount of the extracted metallic copper from the above-mentioned ore.

(ii) What is the number of atoms present in the extracted amount of metallic copper? o

(iii) The metallic copper is oxidized in presence of air which damages the colour and luster of tvhi?,
metal. What does it commonly known as? How to prevent the above oxidation process? OQ_‘O

(iv) In the reaction: &
Cu(NO3), — CuO + NO, + O, &
Mark the oxidant and reductant. Balance the above equation using the oxidation number
concept. &
%
&

; o
e

(b) A metal oxide (A), which is black in colour, on treatment with KOH ilb%\\resence of air gives a

green compound (B). If some pieces of paper have been burnt ang e fumes out of that, is

passed through the aqueous solution of (B), the solution turns arple (C). Identify A, B, C

with balanced chemical equations and also write the produgﬁ‘s (D & E) of the following

equations: *\)e
S
HO &?‘
G O [P
Qg- e
Q
Ry O& b
¢ = A/CH2CI2 @% o C/KOH
e Y My 1
S Q
\l- ?/Sv =
L JOH \\/L_ \]
~ sk_O P

%
(¢) A solution of 0.1M Zn**and 0.1 M PQb“ﬁa' is saturated with H,S (0.1M). '
[K,p (PbS) =2.5x 107, K, (ZnSQ)/ééO 1.1 x 102" K, (H,8) =2.5 x 10
(i) Estimate the range of hydrogegffon concentration which will give a precipitate of one of the
metal sulphides, leaving the gther metal ion in solution.

(ii) Find out the percentage ogci‘he ion first precipitated when the other one starts precipitating.

&

(@) &
() IETFIEE 3 SR 416 SHRF| I SR STFS CuCO;.Cu(OH),. TR &=

ﬁﬁwwﬁoﬁWﬂmmwﬁmﬂmmﬂwﬁﬁW
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SN 2 /
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(ifi) 499 TN TOICH TAHOTS TIFS =7 [ 41gd T8 433 R Hoas S|
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o
o AT
&
N

(v) froa RIETG 7F F4¢
CU(NO3)2 — CuO + N02 + 02
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[3+2+3+25p
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% AJCH,CI O
| j 1Ch D W \(O@‘ C/KOH - c
\[/ -
_OH
S é?" o
S
N
Q~ [2x5=10]

() 0.IM Zn*d32 0.1 M Pb*dq 4G mq S ©.1M) R e I =1
[Kyp (PbS) =2.5 x 107, KSP(ZnS)—llxg?)21 K, (H,8)=2.5 x 10™]
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35. Let f(x)bea polynoqﬁ‘zl satisfying
&
& f(x) £(;)- e
ra ! 1)

and f@? = 33,

@) quﬂ\ the polynomial representing f(x).
(11)O\Find the maximum or minimum value of f(x), if exists.
&
\g‘in) Is there any interval in R in which Rolle’s Theorem can be applied for f (x)? Justify.
é\v (1v) If the tangent to the curve y = f(x) at x = 1 touches the curve ax — y? = 0, then find a.
N
R 2 f(x)-1
o ==t = =
< (v) Evaluate [ e
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[0 BT, f(x) AN ABT0 IZW AR
f(x) £(5)-r@

f)=5
1 iplg) s
\%O
SRS 51 PR 8 £(2) = 33 =W ORE, &
G)  f(x) I2OW A6 [NefF F| \éod*[s]
Gi)  f(x) IR AMIBT 5N I AW WA R BT, ;W 97 AET A of [4]

(iii) RQ%WWW@?WWWH@QEGWWKQ@WW

2T FA1 N2 GSEH SACF (S WS sz‘* [4]
(v) x=1 O y = f(x) IFHBI =F IM ax —y? =0 Wgﬁmwa
7 N e T 650‘5’ [5]
) ffx—gf_(’fs—j@ dx 7N fef st ng [4]
&
36. A. <2‘é§

A person in his mid-40s went to a doctor with a q&mplamt that large amount of sugar was
found in his urine in a routine test. He was tﬁlnklng that he has been suffering from a
As

particular disease. He was not aware if argvone of his family members were at all ever

suffered from any such disease. ; ,\f

(i) What according to you is the person suﬁermg from?
(ii) What is the possible cause of such dlsease”

(iii) What physiological systems a{gé associated organs do you think, may be affected with this
\af
disease? \oé\
(iv) What preventive measul;§§ or treatment are required for the disease?

(v) It is obvious, that beﬂﬁre he got diagnosed, a doctor should need to consults with some other
test reports. Wha&&"md of other tests may he be advised for carrying out?
(vi) Do you thlnk Q(Here is any possibility of this person suffering from other diseases or sudden

death due 1\0 thls disease? Explain.

Please wntz&our answers for each part with scientific justifications,
B. g
(a) Vghat is the optimum temperature for Enzyme catalyses in human? How does pH
QCaffect the activity of digestive enzymes? Elaborate your answer based on the
4% followmg
&
(i) Effect of Enzyme Concentration
(ii) Effect of Temperature, with a graphical representation of reaction rate with temperature
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(iii) Effect of pH
(iv) Effect of Inhibitors

A
%
&
(b) State the approximate pH of the salivary secretion and inside stomach? Why is the p[—;ﬁ

of saliva important? Why is there a need to maintain that pH level in stomach? W@:@h

are the cells that produce that pH? Q/\*\
S
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(1) @Qﬁmﬂﬂt d ol
(@ © 7Wﬂnaraﬁ;mwcaﬂrf6—m‘ﬁw—mw

i) pH 97 HOR
¥ (iv) SPTNBIRA (Inhibitors) ST

T (b) Y0UE [Ne5TS AR G]e (BR fSORT (TFFAR) SIS pH F© T2 FIH pH
@ SFFIP NFZA pH CTG JH AT ATAGH (F? (TN (PIEYT 92
pH B AN A2

[242-+2+2+2+ 2+ (1+2+ (1 Y2 x4) +1 +1+1+1)=25]
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