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Note: All questions are compulsory. The marks allotted for each question are
indicated against each question.
il. SO IRAHT F T99 79 % i 9% 9T A1, qATHIwT QAT SEAAT i FHT ATH AT
R for
Write your name enrolment number, Al name, and subject on the top of the
first page of the answer sheet.

L feafoi@a # ¥ Fre Teh U4 T 3o o191 40-60 A<t 3 Qo] 2

Answer any one of the following questions in about 40-60 words.

(A) 1678 &, AaE g & wAer g1 U 6 #$ o FHGE F IRUT g R
aRomel fawger & d9 v gEigaaa @9 uelRia @ar ¥ I d9u, B9 3@
g & A9H & T A ST ST &, Pedl &
yearerdr da #, ufdae weefia Refd & gagud @ar ¥ |
T8 IO §U ¥ 38 YR <Teh fohdl ST Hebdl &

ufded = E xRepfd 3yar  E = ufded / Ogfa
el E 3ﬂ§qlﬁ€b_cﬂ FT e § 9 gcarEydn JIUTI_CF (modulus of elasticity) gl
ST
i fagpfa fafdea gpr & A & =1 v & geareydr quiie aat uerdf &
IaER T ITEIT I Fhdl 2 Ucdd UhR & fapfd fra ger 3rcrer-3rem
U I[0Teht ¥ AT B &, SHBT duied &hieh 37UAT 3o FIE Y|
(UT5-8 ')

In 1678, Robert Hooke discovered through experimentation that many solid materials
exhibit a predictable relationship between applied force and the resulting deformation. This
relationship, now known as Hooke's Law, states:

Within the elastic limit, stress is directly proportional to the corresponding strain.
This can be expressed mathematically as:
Stress = E x Strain Or E = Stress/Strain
Where E is the constant of proportionality called the modulus of elasticity (or elastic
modulus).

Since there are different types of strain, can one modulus of elasticity explain all material
behaviors under stress? Explain your answer by describing how each type of strain relates
to a different modulus of elasticity. (See Lesson — 8)
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B) o &1 dig W TRT WX dedT I G FAT AT ¥ T dId G Pl Fod
s W AT AT & 3N 38d 3T Apid ScUed AT B
M § 78 arfow F e dig F scuea AfRera vfdea 3R 3mwafAe el
& dfra Iy H gATAT I

- U
e () | smrafass gl |y
(N/m2 ) (AV/V) N )
10 x 108 62.5 x10° 160 x 10°
20 x10° 125 x10° 160 x 10°
50 X108 312.5 x10° 160 x 10°
100 X108 625 x10° 160 x 10°

Sar i 3w & 78 arforer & <@ S gahar &, iAo ufdge (Normal Stress)
AR 3rgafas fapfd (Volumetric Strain) Teh 1Y ddeld §, ofched SeTehl 3gUTd
R EaT ¥ wosmsT 6 I% U 3uRafdd & W &1 59 ReRis @

Fel AT &, 3R sHAT S| ATHF AT &2 (UT5-8 &)
The steel ball is subjected to increasing pressure all around it. This pressure causes the ball
to shrink slightly and develops stress inside it.

The data showing normal stress developed inside the steel ball corresponding to the
volumetric strain is tabulated below:

Nor@al Strezss (o) Volumetric Strain © /?;\t}l;)v))
(in N/m*?) (AV/V) (in N/m?)
10 x 108 62.5 x10¢ 160 x 10°
20 x10° 125 x10¢ 160 x 10°
50 x109 312.5 x10° 160 x 10°
100 x10° 625 x10° 160 x 10°

As can be seen from above table, Normal stress and volumetric strain change
simultaneously, but their ratio remains constant. Explain why this ratio remains unchanged.
What is this constant called, and what is its SI unit? (See Lesson — 8)

2. RAFafafad d & e T WA &1 30T SI9TedT 40-60 Qreat FH |

Answer any one of the following questions in about 40-60 words.
(A) 300 K AU WX He 370] &1 FdIAT BICATA, Cp, Cy IR Fol ol AT HY
(WS -10 @)
Find the degree of freedom, Cp, Cy and total energy of a He molecule at 300 K temperature.
(See Lesson — 10)

®
TAAT
W T H / \
ICRIG 4.0cm
m \‘/— 40 cm
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feu 7w Ry &, ve e o Gwd 7 ¥ Swdh oas 40.0 WA 3R @ 4.0
QA T B &1 U AW oA W aF & faweT HSR & qUS A ¢, Fdfh qaE
AT FaUid TR Ul & A HER & Tudh H & ©5 H g Tde d IR AR
q STHRIN g 1§, e SSAT GROT had 38h ddrs & Hgfer g
T Ifg o fr ardig areddar 79wm ! K & I8 ¥, T ©5 & ATIH I @ drel
AT UdTg 6 &3 dAT ydrs i em g Hifaw|

(UT5-12 W)
Large 2 = Lérg'e'
“Reservoir \ ——Reservoir —
of Ice at 4.0 om —of -Wf‘lfei"sit'-'
. melting / Boiling
; \J it
point : — —peint

In the given diagram, an iron rod with a length of 40.0 cm and a diameter of 4.0 cm is
shown. One end of the rod is in contact with a large reservoir of ice at its melting point,
while the other end is in contact with a large reservoir of water at its boiling point. The rod
is insulated along its surface, ensuring that heat transfer occurs only along its length. Given
that the thermal conductivity of iron is 79 W m™ K-!. Determine the rate and direction of
heat flow through the rod. (See Lesson—12)

3. RArafafEd 7 & fordt T U4t &1 30T SI9THIT 40-60 A<t 3 &
Answer any one of the following questions in about 40-60 words.

(A) If T war yomeh & Higerd b V. = 5sin3140t R faam Srar ¥ 3R 348 @wgs
d5 &1 HgiT 4.5 x 10582 &, aTedd aleT & BT IRy <d Hriav|

(UTS - 30 W)

If the modulating signal in an AM system is given by V. = 5sin3140t and frequency of the
upper side band is 4.5 x 10° Hz, find the angular frequency of the carrier wave.

(See Lesson — 30)

B) ypRIeE dg # 7T GBI H FAR &7 U Uifcasd e § IR el arell
UTRTUC HATShIAd &Y Joledl A SAATHIT 100,000 IAT 31{¥h §| carear Hifaw|
(UTS ¢9 - 30)

The communication capacity of visible light in an optical fibre is about 100,000 times

greater than that of a typical microwave in a metallic conductor. Explain.
(See Lesson — 30)

4. fufafaa & 3 B o w1 73797 100-150 =<t § )

Answer anyone of the following questions in 100-150 words.

(A) ©F e dF F gegdA me = 3 fham 3R m2 =2 fFam & @Y dlfen, Ryior [dis
k=200 N/m Tl Teh Geadliel It 9T & &Y S §T &l UcAh selieh M F =5
N URHATOT & FAH Tof oHM Teh GEY § g &I 3R diue o3 e Sirdr ¢l
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Tcdd GIAT T Bl MRy & 07T &Y AT of fF el dF T auoRfed
st dde W &, 3N gegdAa o1 g R T (A15-13 W)

Consider an oscillatory system consisting of two blocks of masses m; = 3 kg and mz = 2 kg,
connected by a massless spring with a spring constant k = 200 N/m. The blocks are pulled
apart with equal forces of magnitude F =5 N each and then released. Calculate the angular
frequency of each mass. Assume that the system moves on a smooth horizontal surface, and
the center of mass remains stationary. (See Lesson — 13)

B) wa ded (Ugaer) & Qo & JIFT F T W W tF g F®
Th 1 HeX ol 3R, Ueh Blel AR (TTET, @R, T UeAR) T 3UINT lch Th el
elieleh IR &Y, 3 Gl & AT B AU ¥ Teb EIuaid (Hlase TTSH)
B 2 A R TR IR A 49, dded P gedr @1 ©ig 3R @5 &1 10
ot & for o = @erw A, R @er 3@afy (T) fr aorar w3k

(g:;‘—f%)qawmmwdwc % BRUT calol (g) AT Y| 3Tel9T-

39T Sl (S 50 A, 1.5 MeX) & o gAer Sr? 3R uRada @ @
HR (mass) TAT 3ATY (T) P YATAT HIAT &2 dgaT W FAT Jafy (1) Fa
Feoral, STal g gt & g T 1/6 &2

(U15-13 W)
Conduct an experiment at home to study simple pendulum oscillations.

Using a string (1m), a small weight (key, eraser, or stone) set up a simple pendulum by
fixing the string to a support and use a stopwatch (mobile timer) to measure the time

taken. Displace it slightly and release it. Measure the time for 10 oscillations, then calculate
)
the time period T and hence acceleration due to gravity (g) using (g_;—fL). Repeat for

different lengths (e.g., 50 cm, 1.5 m) and observe changes. Does mass affect T? How would
T change on the Moon (g on moon = 1/6th of g on earth)? (See Lesson — 13)

5. RAFafaf@ad & O fRdY T Ut & 3aX 100-150 <] A &

Answer anyone of the following questions in 100-150 words.
(A) 1o grg (9Fa) & 3d9d o F UIH BHE ¥ 6 G H gl W @ T F
ufafase fodia wld & 24 JT g a1 &
(i) o H Bhd gl AT HIATI
(i) I G 1.5 JUAdh dTet hid Pl IT &, T Tdel DI dehal FodT &y
M B (AT of B I5 v FAG Bor aren f5-39a o F )|

(i) I FpE avg @1 @ @ 36 q M g W @ ae, A ufdfda g ard

B
(iv) >Rep ufa & a9 ufafda & 3mada = e ufafde arafas & =
STHTE? (UT3-20 &4)

An object is placed at a distance of 6 cm from the first focus of a convex lens. The image is
formed 24 cm away from the other focus.
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(1)  Find the focal length of the lens.

(i1))  If the lens is made of glass with a refractive index of 1.5, calculate the radius of
curvature of the lens surfaces (Assume it is a bi-convex lens with equal radii).

(iii) If an object is placed 36 em from the lens, find the image distance.

(iv)  What will be the magnification of the image formed in the above case? Is the image
real or virtual? (See Lesson — 20)

(B) weh el I3, St Ueh 93 3fadel GUUT @l SUANT b Il ST 8, ol e
dri @l q@e & o Uged el & 3R FHH A YhRI-HIAEUT &THAAT Bl &b
PRUT 3idReT # Bua dAc ari &1 Y seoaa ufafta urg fFar &1 goar &1 39
UHIiT I3 & AT T HRAYUTST Bl Th 30Yh [0l IRG H Fergdr &
AT @Y &, Ig M avid &Y 6 IJ§ I3, 3D FAST SR B arel foheq
3ol ol g & 3UINT § a9 gl I9 ¥ 48 &35 &l (TS - 23 ¢W)

An Optical Instrument made by using a large concave mirror is used to see distant stars and
possesses large light-gathering power in order to obtain a bright image of even a faint star
deep in space. Explain the construction and working of this device with a suitable ray
diagram. Also, describe why this device is better than an optical instrument which is used
for same function but uses a large convex lens. (See Lesson —23)

6. = & Wt aRFISETEH A g T TRASET ST il |

Prepare any one project as given below.

(o) BT 3iaRer & e suwrel a1 Siisa &1 uihar &, Sfel U6 (IsR) g (erfe) &
U Ugddl ¥ 3R 38 S5 Sar ¥ e ¥E sk vewuRde (FUSed)
e & s a 3l ©ic 3iaReT I , 3anReT I T AR FaneT I @ @
THeldqden 3 fhdT, Ucdd &1 aofed SaTaT 220 fhaiand ATl I 3UAE I
500 fRafT hr FA1$ T FTITHIT 28,800 TRl /Eer Hr aifd & g2t Hr gRepar W 7
| 3ifhaT & SR, ST TIeT 991 YR-9RX 0.036 el /ger dd wa o AT I
d A 3 M A gl W I, 60 v Tesl PR Afad gam

30w RETE # § 718 TP I 3T b, AeAfaf@ad & W &:
()  3AR&T I T (ISR) gRI IARET I @ (ewfe) de ugua & foram o
THY A B S J 3T H gy W I |
(38 ugd ANT & aNI 0.036 frelt/eer & |mder arfa @ AR #ed go)|
(i) 500 Rralt T FAT$ W ITcATHYTT & PHRUT cdROT (g) & AT AUTRT B
(i) 3AR&T I T HUAT HANGT TF & FI IFAddIT  (TRHAVT FleT) Pl
HFATA AT
(iv) (T + AR I T) AP A ecarpyor FAfas Fav & qurar wi|

(v) S & TI-TY C.G.S shal A frdr off 37aRer I (A 3yar B) @
PO AT AT ST

(vi) U gRI, 3ARET I SihaT dehelleh &1 U i & forw, YarT 3uae
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UaIIuT AT (NIUHTSE!) T SUANT hich TUTSHFH 3G Dl A HaT H
Uit foham arar Arl YA ReTHl & T AN dr F T 3R
THAST fF 3o¢ hd T FHADId Pl AT o

Qe B AT = 6.4 x 106 HA MNIT IR gt &1 gegAw=T = 6 X 102 framm)

(U3 - 1,2,5Td 78H)
Docking is the process of connecting two satellites in space, where one (the chaser)
approaches and attaches to another (the target). In its Space Docking Experiment (SpaDeX)
mission, ISRO successfully docked two small spacecraft, Spacecraft A and Spacecraft B,
each weighing about 220 kg. These satellites were orbiting Earth at around 28,800 km/h at
an altitude of approximately 500 km. During docking, their relative speed was gradually
reduced to 0.036 km/h when they were 3 meters apart, ensuring a smooth connection.

Using the data given in the above paragraph, answer the following:

(i)  Find the time taken by Spacecraft A (Chaser) to approach Spacecraft B (target) when
they are 3 meters apart.

(Assuming relative speed of 0.036 km/h to be constant during this approach).
(i1))  Determine the value of the acceleration due to gravity (g) at 500 km altitude.
(iii)  Estimate the orbital period of either satellite.
(iv)  Calculate the gravitational potential energy of (Earth + Spacecraft A) system.
(v)  Find the angular momentum of either satellite in S.I. as well as in c.g.s units.

(vi) The SpaDeX satellites were launched on a polar orbit using the Polar Satellite
Launch Vehicle (PSLV) by ISRO to demonstrate spacecraft docking technology. List
other applications of polar orbits and explain when they are termed as sun-
synchronous.

(Take radius of earth = 6.4 X 10° m and mass of earth = 6 X 10?* kg)
(See Lesson — 1,2,5 and 7)

(B) S TH fhehe &1 dig & dool @ ART ST &, Al TE Th ol H Th gaiey a1
P HTEROT HT &, N IRFAF da1, gaygor o7 3R earmior § yafad dar
Tl 9 U Waale Uauds H Todl § g Iecarpyur EUE & HROT A
3 @ Ugd IUBTH Fur$ o UgHdl ¥l arg UiaIY $8HP TY B AT ded
el &, fheg s@h a1fa, a1fd & Faliemeolt grr fAaf3a w&dr 8
U Jooldlol 150 AT HT 3¢ B AR Sahl AR &, ol g & Sfdst & 30°
PIOT W 30 m/s B YRIAG I9T Ugld Tl gl & I3 SAADRT H TEadr I
Aeafafaa arfeer s (@fosr & e & T g i 78 o i geno):

®. |FAT (t) | I & A9 | I & AT @ | I @ &fAS ST
g. @ &fas | WaR gew | faeuma 5ar$ /3G &
HUeh (Vy) (x) AR
(Vx) oA
)
L 1t=00s™®
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2. lt=10sW

3. [t=20sw

4. |t=30sW

Tty & A fr Q) 3Rpad A (i) W ot I HfSw)
FIAT YIYUT &7 Th 3T HIoT § 5T aRumeacasy A g urg aiar &2
(g =10 n/s? SNIfS0) (UT3-4 W)

When a cricket ball is struck by the bat, it follows a projectile motion in a plane,
influenced by the initial velocity, launch angle, and gravity. The ball moves along a
parabolic trajectory, reaching a maximum height before descending due to gravitational
pull. Air resistance may slightly alter its path, but the motion remains governed by
equations of motion.

A batter strikes a six by hitting a 150-gram ball, imparting an initial velocity of 30 m/s at a
30° angle to the horizontal. Fill the following table with the help of data provided (Also
show the calculations used to fill the table):

S.No. | time (t) Horizontal Vertical Horizontal Height from
component of | component of | displacement the
velocity of the | velocity of the |  of the ball ground/vertic

ball ball (x) al
(Vx) (vy) displacement
of the ball
™)

1. Att=0.0s

2. Att=1.0s

3. Att=2.0s

4. Att=3.0s

Also Find (i) the Maximum height (ii) the Range.
Is there another angle of projection that results in the same range?
(Take g = 10 m/s?) (See Lesson — 4)
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