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& This paper consists of S0 questions and Answer all the questions

& Use of calulator s not allowed.

& Write your index number i the space provided m the anower dheel

& o cach of the questions | to 30 pick onc of the alternatives (rom (UMD AL (D) whiach 18 QorT=<t or @t
appropraie and mark vour response on the answer sheet with a cress (1) 1 the answer sheel

vhvn  yo s i

01 If the units of velocity, acceleration and foree are denoted by f and v respectivel). e w
momentum would be,

» -

. 1y i ) ab o
(1) apy Q) = (R))] —-ﬁ 4 — (3 —

) - ﬁ @& ' O
02 Consider the statements made on zero emor

(A) 1t depends on the measurement you make
(B) 1t can be climimated by repeating the measurement.
(C) Itexists only in instrument in which a vemier scale is usad. ~
of the abuve statements
(1 only (A) s true :
() all (A, (B) and (C) are true (3 all (A, (Brand (O) are false

(2honly (A)and (B) are true  (3) only (A)and (O) are ue

0% Which of the following statement is nottrue for a gas”

(1 they diftuse readily. (2) they are
(4) they are imnuscible

highly compressible -

(3)  they possess viscosiy
(5) gas molecules move here and there randomly

eunifornt cross-section. The change passing through any

04 A steady current is lowing a conductor ot i
Cross-seCHon per unit ime s
(1) directly propartional to the area of Cross-seation
() inversely proportional to the arca of crass=sevion
(3 proportional to square of the area of crss-sectian

(1) anversely proportional w thesquare ot the ared of cross=seiion

() independent of the area ol vrossssechion b
05 Anideal gas is taken through the eyele 4 == 80— { as shown in figure |
below 1M the net heat supplied to the gas an the crelens 51, the work done
by the gas in the provess LY .
(1-s) (-l (4 -131 (41 o) (5) 2% ) | ~
|
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A primary cell has eml 2 V- When short circuited it gives a current of 4 ampere. [ts intemal resetns

in ohms will be
(4 (22 (3) 1 (o3 (3)025

In which of the following cases can the prineiple of superposition be applied to two overlapping wave,
of the same nature?
(1) Only when the two waves travel in opposite directions

(2) Only when the two waves have the same (requency
(3) Only when the two waves have the same amplitude
(4) Only when the two waves are coherent

(3) Itcan be applied in all cases

A piece of metal and a piece of wood are kept at a temperature of 45 C On touching
the two with hand, then

(1) both will appear equally hot

(2)  the piece of wood will appear hotter than the picce of metal
(3)  the picce of metal will appear hotter than the prece of wood
{4)_ the disunction in the hotness of wood will not be possible
(5)  the distinction in the hotness of both will not be possible

Mm)
The displacement time (s - f) graph for a child : '
riding a bicycle is shown in the figure. What is the ;"- S h
average speed of the child for the given duration? ol /f : :

10+
(1)08m s @2ms'  _(3)25ms’ TN 7
4)dms’ (5)5ms’ 1 ' p

Bni1E B .o

A flat plate of area 0.1 m? is placed on a horizontal surface and is separated from it by an ol film 107" m
thick If the coeflicient of viscosity of oil is 1.5 kg m™ s™' | the force required to cause the plate to slide
on the surface at a constant speed of | mm s is

(175N (2) ION 43) 15N (4) 125N (5)30N
A stream of water of density p, cross-sectional area A, and speed v _’ f
strikes a wall that is perpendicular to the direction of the stream, as .
shown in the figure. The water then flows sideways across the wall " R
The force exerted by the stream on the wall is, 14
(1) 24 2)pv* 4 (3) pv A @4 5 2

2 — yal :‘:1

A particle of mass A/ is moving in a horizontal circle of radius R with a uniform speed I When it
moves from one point to a diametrically opposite point, its

2
fa

(2) momentum does not change

(1) kinetic energy changes by -

_(3)  momentum changes by 2A/1 e () Kinetic energy changes by A 17
(5) neither kinetic energy nor momentum change

The amount of work done in forming a soap film of s1ze 10 cm X 10 ¢m,
(surface tension of soap = 3 X 107 N m™ ) is

~(héx 1oty ()3 x10M) (34 x 107 (6 x 107" (53 x 107

rJ
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T4 Maximum and minimum magmiudes of the resultant of two vectors of .1..1._:mLu-1<.-- P and {J sre 0 raiio
1 Which of the 1ollowmg relation 1s true?
(M PrY =1 : (2)F = ¢\ (H3iP =0 4) 9 =20 (5) non of these
Y Ln
15 The figure shows an open wagon moving with neghgible resistance in - ,
vertically falling rain. An appreciable amount of rain falls into the wagon ¢ T st
and accumulates there. What are the eflects of the accumulating rain on S E i
the speed. momentum and Kinetic energy of the wagon? (lgnore the o '
cltects of the raindrops hatting the front of the wagon ) T Y
specd momentum kinetic energy
(1) decreased unchanged decreased
(el decreased unchanged unchanged
(3 decreased decreased decreased
i4)  unchanged unchanged unchanged
15)  unchanged increased increased

16 For the photoelectric effect, which of the following is the correct relationship between the encrgy Eofa

photon, the work function w of the surface which it strikes. and the maximuin kinetic energy K of the
emitted photoelectron?
iWE=w+K (MHE=w-KX (MWE=K-w (HK=2w+E (Siw="AdAK=E)
17 In a controlled thermal fission reactor, the direct function of the moderators 1s to reduce
(1) the speed of the neutrons released on fission.
(2) the rate of production of the neutrons.
+33— the energy generated in the nuclear reactor.
i4)  the amount of radioactive radiations produced in the nuclear reactor = , _
(3)  the rate of disintegration of the **U nucleus Uy g
| L] 51“‘\1' |
- s 4 | i \t‘&’:'. ‘(:- {1
18 In the given circuit the value of resistance .X'so that ; i‘l!‘ %,
the potential difference between Cand D is zero is. | PR o
2 3) 8O l-:?“’y\,, \ N
(140 (2) 652 (3) 8Q b .,3 "““(f\)‘
3 e
(4)90Q (5) 1022 v &AL a0
[

In a surface tension experiment with a capillary tube, water rises up to 0.1 m. If the same experument is

19 _ .
repeated on an artificial satellite. which is revolving zround the carth, water will nise in the capillary be

unto a height of o _
(oI m (2)0.2m (3)098m (H005m (5) full length of the capillary tube
20 One mole of an ideal gas of volume Py is at an initial pressure Py and temperature 7 [f the gas undergoes

an isothermal expansion, so that its volume increases to 53
(A) there is no heat exchange between the gas and the surroundings. -

(B) the external work done is equal o Pi(kz-10
(Cy the internal energy of the gas remains unchanged
Which of the above is correct?
(1) (A) only

(4) (A1 and (C) only

(2)(C)only (3)(B)and (Cyonly

(5) all (A), (B) and ()
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A porson v s cleady beween T mand 2 moonhy His comreciive lenses should be
D Rocals woth power <L O Dand « Lo

| 1h 1)

(VR rocals waith pover SO S Pangd ¢« Y8 D i
THRFcale wiy power Y Dand s 08 D O Htocals wath power <2 001 gl

URtovalswth pometr -1 0 Dand ¢« 20D

Y oow are ongmaliy 1O m benecath the surfe of a poal I you dive o 20 m bencath the surface, what
hapnens 1o the absohute prossune on vou”
O I Quadraples

() Tt less than doubles (5 T does not change

(2 1 maore than Joubles (9 I doubles

A pariek petforms simple hamon motion along a strmight Ine

detween Mamd Jas shown  The particle passes the equilibiium position —r—:j-——— —
and mavels o the nght at time £ = O [t passes pont \ the first time -
atter ¥ and ot passes \ the sevond time after a further 2 s After what

further tume wall the particle pass \'the thind time?

BRI (M les V14 (4 12 (5104

Which of the followang graph best represent the vanation of current through a tungsten filament bulb
with the vanation of voltage until the bulb light with full brightness®

[ ] | ] I
\ !

. , |
g / |
/ | |
-~ . |

. - -] Mo ) L SNSE O S— -

() ) (3) (4 (3)

A beaker contains water of volume expansivity aw and density o at temperature 7 Another hguid of
density o; (Yo ) and volume expansivity at tis @ (ae) poured 1n to this container The temperature at
which this hqued starts 1o float in water is,

A -0, }4.[ o, =0,
‘_!_j‘_]..._.*_._._.__.,.*! c)(L'.___'___ l-‘.'_—_‘__-__—___{ht
.'"‘, d‘. _‘*\'a‘ I“'{I.' q-#1'a. Fa I.l.' + ‘l-‘]

e ' - .“.- Y,
@ L) () =8,
P.".' LI- - _;’.{r- ) j‘vtl_ - ,(.‘. !,l"

An clectncal heater is placed in the middle of a lump of e and measures the time it takes (o Just melt
all ofthe ice. The power of the electric heater and the iniual mass of ice were measured and found to be
12 W and 0.10 kg, respectively. From these measurements, he calculates the specific latent heat of fusion
of iee, but finds that his answer is lower than expected. This result is possibly due o the fact that,

(A) cnergy has been lost to the surmoundings. |

(BY  the mass of 1ee 1s actually more than the measured value *

(C) the power of the heater is actually more than the measured value.

(D (A) only (2) (B) only () (Cronly () (A and (By only (B and(Cronly

Water waves of frequency 4 Hz travelling with speed 8 m s strike a straight N
wall The parallel siraight line represent wave crests and they make an angle

X , .
of — with the wall as shown. What is the phase difference between the waves
o

at two points I m apart along the wall? wall
n 2)
. (

" n -
3 4y - S)
) 4 = ' 2

o=
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A microscope 15 focused on 8 mark on a 1zble and then 2 glass slab of thickness 3 cm and refractive index

2
| 5 is placed over the mark. In order to get the mark again in focus, microscope should be moved
(11 | cm downward 12) 1 em upward (3)2 ¢cm downward Enu
(4) 2 cm upward (5)3 cm upward '

—

29, The diagram shows the path of an u-particle as it approaches a e S - B
massive nucleus at V. At point P the a-particle is nearest to the ﬁ P
nucleus. Which of the following statements 1s incorrect” i

(A) Al P the electric potential energy of the a-particle isat 2 minimum

(B) AL P the 1otal energy of the a-particle 1s the mimimum.
(C) If the atomic number of the nucleus was greater, the distance between P and N would be larger.
(1)yonly A (2)only B (3)only C (4)onlvAand B (5)only Aand C

10 A mercury barometer is made of a tube of length 90 cm and cross-section 1.3 em-. Mercury stands at a
height of 76.3 cm. The room temperature is 27 °C. A small amount of nitrogen is introduced into the
evacuated space above the mercury and the column drops to a height of 68.0 cm. The amount of nitrogen

introduced 1s (Molar mass of Ny = 28)
(H1.12mg (2)4189mg  (3)4048 mg (4) 8 96 mg (5) 13.44 mg

3 A large aluminium disc mounted on a honizontal axle 1s spun the clockwise
direction between the poles of a powerful horseshoe magnet. Which of the
following diagrams shows how the eddy currents flow in the disc?

N\, ( /’\ ] | //“'"‘\\‘ /\)
‘“\C‘) @) &/ Q.O/) 0%
) (2) (3) (4) 5

il (3)

32 A prism, having refractive index V2 and refracting angle 30°, hasone of the refracting surfaces

silvered. A beam of light incident on the other refracting surface will retrace its path if the angle of
incidence 1s
in 0 (2) 15° (3) 30° (4) 457 (3) 60°

33 A vibrating point is moving across the surface of
water in a ripple tank with a steady speed a5 shown
The figure represents the water surface showing the
pattern of the water waves against a bact.ground of
centimetre squares. The speed of the waler waves is
20cm s’ What is the speed of the vibrator”

(1)10cm s (2)8cms’ (3)5cms’ (4)4cms’ (512¢m s’

I

14 A block of mass m sliding down an incline at constant speed is iniually at
a height /i above the ground, as shown in the figure. The coefficient of
kinetic friction between the mass and the incline is & It the mass continues
10 slide down the incline at a constant speed. how much epergy is dissipated
by friction by the time the mass reaches the bouom of the incline? . (1)

mgh h
(1y mgh (2) - (3) ';ﬂ.'ng (4) mgh sin ¢ (3) zero
u sm#
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_ PO The gain of

_ . . o 1 by a potentometer P st ¢
In the operational amiplifier circuit shown the feedback is provided by a | 15V
the amplifier circuit is, . - b___._\f\ ”
(A} zero when the shiding contact is at 2 - r : | Q- ou
(B) one when the sliding contact is at Q2 ‘ -15
(C) independent  of the resistance value of the .

Mentiometer P
pe ¢ > . —
Which of the above statement's is/are correct” .
(4)all(A), (B)and (C) (5rall(A), (Byand (C) are false
The loss of mass in a nuclear reaction is Am. This energy is capable of keeping a machine of power p
work for (number of hours) (C speed of light) ’

| Amc” 2) Amie” . Ame? (4) 3600-? (5) :“_'E‘_
() —— -) — T -

p 60p 3600p Anic 60p
The figure shows a transistor in a simple voltage-amplifier circuit KO
operating satisfactorily such that the collector-emutter oltage is — Y
half the voltage of the battery connected. The base-emitter J.- —
jJunction voltage Fag is +0.6 V and the transistor d ¢ current gain
is 50. Find the resistance valye of the base-bias resistor Ry if the ’
load is | kQ. a4
(h) 45 kQ (2)50 kQ2 (3) 60 kO (4) 90 kO (5) 110 kG2

—

The activity of a freshly prepared sample of “Co s 10 = 10° Bq. The hali-life of *'Co is 5 3 years,

Estimate the number of *Co nuclei in the sample that decay in the first day.

() 52 1¢° (2)52.10"  (3)32. 10 h86 10" (5)8.6 - 10"

In the figure, X7 is the principal axis of a lens £ PO and OS are L
two refracted rays from £ which orizinate from a point object p N 0
placed on the left side of £. Which of the following deductions \ : i . -
Is/are correct” —3
(A) The lens £ must be a concave lens -

(B)  The point object must lie along the line 08 .
(C) The image of the point object must be vinmual >
(1) tA)only (2)(B)  only (3)(A) and (B) only

() (A) and (Cronly t:‘andethI}

T'he figure (2) shows a bridge rectifier circuit n whichall the D
diodes are assumed 1o be ideal. The source 15 g sinusordal a ¢ *..\ i 3 \
supply as shown in the figure 1. Which of the follow g traces \/ (o)

(A) (B or (C)) would he displaved respectively on 3 CRO ‘ J‘? " R

connected across the load resistor Rif | \J

(1) the diode D were reversed in the circuit,

() the diode D were removed leay Ng a break in the cireuit? Fig 1) Figure (2)
LAY (B (2) (B By (30 (B () (A} f\/‘\[\‘u’r\\

) (Cr(B) 3Oy (Cy

(B) ff\___/*\\____

) —_—
q]
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Phovw are e identival oy lindiiosl vessels with thelr bases w the
I l;'\;-l i 1'I|'I\\|1 1 “Hl.lll' l " || cintlalng o hl'-llllll il lll'ﬂ'lll\ I
Phe heweht o the Bgund column i one vessel s iy amd that dnthe

CEhE s e T he e o then bases 4 4 the work done by gravily in
caunbizing e Tigund Tevels when the valve | iy opened ] 3 ;
hl :‘U IIII - .

h ot ol

h h . - .
h '-"u'l . ] () In_l.'( B .h| ] h _!,;g[ .__le] —

.'J' ’ !

\BEhErod s smoathly pivoted at © as shown in the figure. It
makes 0T with the vertical 1t is held at the position shown in the
flgure by thive forees § N (vertical), 4 N (perpendicular to the rod),

‘)
and £ (horizontal) A8 - B - : [he magnitude of F s,
\ 12 8 ; u
(1N (2) — (4 ! (4) 43 (5) —=
13 ﬂ \’(3
6V, 202 p
. |
I the Cieenit the battery has an e ot 6 V and internal resistance III: ¢
JAY N s astandard load resistor of 6 €2 and R is a rheostat. What '
Wil the value of R beaf the power delivered by the battery to the S
load resistor N is at a maximum? 1
6Q
(ho (22 (340 (4) 6 Q2 (5)80Q2

The speeds of an object in simple harmonic motion when the displacements from the center are x; and
vare viand virespectively,  The period of oscillation of the object will be,

\ : ' 'l.. 'l'I vy
() 2 [~—ai (2) 2n f L (3) 2r

RN \.tl + X

[vf =i S (X -G
) 2x [— (5) 2x [-L—

Voo Vi
Charges 2 pC and <2 puC oare _%itlmlcd at points {* and ¢ L2 e 2 uC
respectively. Vis the midspomt ot £Q - Consider the following J P— “'__
statements about this svstem (The electric potential at infinity is P Y 0

taken o be zero )
(A)  The electnie field at \'is pointing towards ¢

() The elecine potential at A s zero,
() The electrie field strength at Vs the strongest among any point between P and (.

Which of the above conclusions isare correct”

O e only (21 (A) and (Bionly (3) (A) and (Cronly
¢ (BY and (O only (3 all are incorrect.
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In the figure, the ideal transformer has a primary cotl of 300 tums
and two secondary coils of 200 turns and 50 ums. [ an a.c.
\\_!I[Jgu ol 240V s 4pp|icd to the primar_\', which of the l'o.llowmg
voltages can be obrained from the secondary using different
connections of the secondary coils”

(1) 96 Vand 24 V only (2) 96Vand 120 V only

T ——

|

Enu

— -] L —
rl'_-_.'j IUD.._____:
:-l""". "-—,—_

b
=00 ]
Lam ] 504 P

A et

(3) 24 Vand 120 V only

(4) 24V, 96 Vand 120 Vonly  (5) 24V .9 V,72Vand 120V only

The figure shows some of the resistors in a network of reststors
Ihe magnitudes and directions of some of the currents are

marked as shown. Find the magnitude and direction of the —_——

current passing through the resistor R.

(1 02 A from right to left 2)0.2 A from left to right
(3) 0.3 A from right to left (4) 0.4 A from left to right
(3HtTannot be determined without the value of R

The figure shows a gun that aims directly at a point £ 40 m from

the muzzle of the gun. The barrel makes an angle @ with the
vertical,

I the speed of the bullet is 50 m 5™ when it leaves the gun,
calculate the separation between the point where the bullet hit on
vertical line through P and point 2.

(Neglect air resistance. )

(Hh78m ()68 m (132m (4) 1.6 m

A capacitor made from two thin metal sheets Y and ¥ separated by a small
thickness 7 of insulating material has a capacitance of 8 uF Fach metal
sheet 1s then cut into four identical sheets (across dotted lines) and they
are joined together to form another capacitor as shown The same
thickness ¢ of insulating material is used between the interleaved sheets,
which overlap completely. Neglecting the edge effects, the capacitance
of this capacitor is approximately

(14 pF (2) 14 pk (3) 16 uF

() 28 pF (5164 pF -

50 The figure shows a pattemn of electric tield lines in which P, ¢ and R are

points marked on one of the field lines with PO = QR If the potential at
P s OV, which of the following can give the possible potentials at () and
at R?

Potential at 0 Potential at &

iy =200V 450V
(2) =200V 400V
3y 2200V 330V
() 200V +350V
(3) =200\ +450V

==

&
]
-
"
2
L

-
-
[

M3A

(5)0.8m

Metgl sheets
.\ ;/1

-
»
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Practice Test - 2020
Physics Part I - Grade 13

Part B (Essay)

Enu

Answer only four questions,

The total mass of the arm with the pulley of a crane
shown in the figure is 4000 kg and G is the center of
gravity of the system. The arm of the crane is smoothly
pivoted at A and it is in contact with a smooth support
at B. A mass of 10* kg hanging from the frec end of
the massless cable passing through the pulley is in
equilibrium. The centre of gravity G and the cable arc
at horizontal distances 2.0m and 8.0m from the vertical

10m

plane across AB.

a)

b) The pulley of radius 20 cm operated by a motor with a

c)

d) The mass of 10* kg starts its motion with 10 ms

a)

i)

i)
i)

Draw a freebody diagram of the body of crane. Mark the forces acting on the crane at
A.B,Gand C . Mark the contact force at B as R and the horizontal and vertical components

of the reaction at Aas X and Y.

Find the magnitude of R.

Find X and Y. Calculate the magnitude of the reaction at A.
power of 3500 kw raises the mass of

10* kg at a constant speed of 10ms™".

i)
i)
1)
iv)

i)

i)
i)

Find the torque exerted by the motor on the pulley.

What should be the tension of the cable?

Find the torque on the pulley exerted by the cable.

Find the frictional torque on the pulley.

What should be the tension of the cable to pull the mass of 10* kg
acceleration of 2ms™%.

Find the torque acting on the pulley due to the tension of the cable.

If the frictional torque is constant, find the torque on the pulley exerted by the motor.
-1 and moves upwards with an acceleration of

upwards  with an

2 ms~2. After 2s, without any energy loss, the cable is broken.

)
i)
i)

Find the further distance that the mass of 10* kg rises after the cable is broken.
What is the tension of the cable after broken.
Describe the motion of the pulley.

Derive the lens formula with a geometrical method.

light source -

\ - Y
C wlike Conves lend

Cundenser bens
cuncave imlrmar wreen
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b Above figure shows a schemate diagram of a shide projector 5 s the gt source Moand /
pepresent a concave mumar ad a conven lens respectively £ s the tocal point of the lens [ €y,
calied the condenser lens V'Y is the slide w0 be projected  The screen is situated behind the lens
0 Copy the above diagram mto your answer scopt and construct the final image
1y Explain how a concave mirror is usetul in the slide projector
) What s the use of condenser lens ¢
v Dimensons of a shide in this shide projector 15 S em xS om the projector procected an

image of dimensions ¥ moy 3 moon the screen placed 24 m from the lens |
I How far from £ should the shide be placed 1o abuain the above image”
2 Calculate the tocal tength of the lens |

3 The kence s now repleased with a new lense as shown in the figure

4
\

—

..................

N

\
- TiNm

This 15 used 10 project a square shde of arca 23 ¢m * 10 a sereen and got an image of area |

m* I the distance between the slide O and screen is 20 m, then find the focal length of the

tens L

e

State the Hooke's law Wnte down an expression for the Young's madulus for the matenal of a wire.
The Young's modulus for the matenal of a uniform wire of length 2m and cross sectional area 2 mm* s

2xX

I0Y*Nm™ . The breaking stress of the wire is 18 108 Nm™ Assume that the wire obevs the

Hooke's lan unul 1t breaks.

a)

b)

1} Find the maximum load that can be hung trom the wire withowt breaking .

) Find the increase in length of the wire when it breaks

) What is the elastic potential enerny stored 1n the above wire when break.

The above wire 1s fined at one end 1o the carling and a small obiect 1 attached to the other end. Now
the object is raised 0 & vertwal height more than | 3m trom its equilibrium posttion and released
from rest. At this situation the wire breaks.

1) What 15 the maximum mass the obpect can take”

1) Find the extension of the wire when the obyect 15 amtachad 1o the lower end.

The breaking stress of @ sevond wire with Young's modulus Ix 107 Nm™ having same
dimensions as the first wire mentioned above s LS N 10% N7 Two wares are hung from the same
pomnt on the ceiling paraliel o each other v make a compound wire. Caleulate the maximum mass
of the object that can be hung trom the hee emd of the compound wire. Find the extension of the

compoand wire.

Scanned with CamScanner



NK

h

Define the ginvtational potential st o point (now gy iate

Enu

ol Nield Wiite daven an ecpression for the

gravitational potential ot a pont distant © from the cense of the canth Introduce the sysmbe
nsed

Write down an expression tor the gravitational potentinl difterence

between a pornt P on the Earth's surface and a distant pont € as shawn ! o ’-D ) )

below

Show that il r 1s slightly greater than K, the gravitional potential difference becomes g(r = R

where g 15 the gravitatonal field strength on the earth’s surface
I he glill"h shows how the gravdational p--trnlml diflerence berween a point on the carh's surface

and a distant point, distance x from the earth’s surface

changes near to the Moon's surface  The

Moon's surface 15 384000 km  from the Farth's surtace

—

| —
1 T -
' ,"p Q
Y T :

(=]
-4

Lravitananal potential diffare nce ™M kg
2]
o

53 ; -

' : T Ty e Bt s By
58 fatad buany Sinrm gf fhd Sins Sivey faoes oo il e |
330000 340000 350000 360 000 370000 180 000

The graph shows the gravitational potential difference first increasing then achieving 2
maximum value and finally decreasing to a smaller value on the Moon's surface.

1)

i)

"ij

Use the graph to determine the amount of potential cnergy released as a mass of 200kg
falls to the surface of the moon from a height of 14000 km. At what speed will it hut the
surface”

a. What feature of the graph justifies the assumpuon that the potential energy of a body
measured with respect to the Moon's surface is proportional to its height above that
surface

b. Obtain [rom the graph the height w which this assumption 1s true.

I'he net force acting on a body moving from Earth's surface to the surtace of the Moon 15

the resultant of two components, one due to the 2 treztion of the body towards the Earth

and the other due to i1s affraction towards the Moon.
I What is the value of the net force at the point S where the gravitational potential
difterence 15 o maximum” Give a reason for your answer
Explain why the gravitational potential ditference 15 o masimum at the poines.?
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3 0s i posaible 10 use parachute 1o reduce the velocity of the body falling on 1. e

Maoon's surface
d)  In pracuce, a satellite is carried by a rocket to the height of the oebit and then gives an Inp e
by firing jets, to deflect it in a direction parallel to the tangent of the orbit
A satellite 15 to be put in to orbit 500 ki above the earth's surface 110 vertical velocity afie;
launching is 2000 ms=' ot this height, calculate the magnitude and direction of the imphuse

required to put the satellite directly in to orbit, if its mass 15 50 kg
Radms of the earth K, = 6400 km Enu
g = 10ms~*

09. Answer only Part (A) or Part (B)
A) @ 1 Write down an expression tor the resistance R of a conducting wire of length / ind

cross sectional area 4 made of a material of specific resistivity p ¥
) Define the specific resistivity. T _“'_ ]

b1 Consider the given circuit where a battery of internal

resistance r and e.m.{ £ 1s connected (o a resistor R
I _

1) Get an expression for the power of heat dissipation through the resistor R

1) Find the efficiency of the battery in this circuit.

What is the magnitude of R (in terms of r) through which the power dissipation become

maximum?

Find the efficiency of the battery when the power dissipation through & is maximum 15

this the maximum efficiency of the battery?

Elecrric train is powered by an overhead wire of cross section | cm® as shown in the ligure

resistivity of the wire p=2.25x 10" Qm
) P

i)

v)

c)

Supply wire

25 000 KV
«bngine
e 'rack

i) Find the resistance of 10 km long part of the above wire.

ii)  When the train is very close to the power supply, the power of the motor is tound to be 80
kW. If there is no power loss from motor, determine the resistance of the motor. Show
that the resistance of the wire is negligible in comparison to the resistance of the motor

d) Following figure shows an arrangement suggested 1o use in case of distance elfect of
resistance is signiticant. This is called the infinite resistance ladder.

10
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Enu

It comsists of ladder of equal revitcrs are- s o 7 oo top mmps Aot fe saw

il =TT

il

resistance betwesn A z2nd En :.ﬂgm?;-.-r‘_.g—:__‘ A ety A oprm i e i w@dde Fan
consider the ’J{Nl'iiléﬂ rexatarice of nigre of Ge loe 10 3o ot of 05 rammes

B) a) 1) Draw the outpun characierintic curve (o 3 mon tractesior 2 — &5
identsfy cutofT region, saturated regon 2o 2cvive regre i e
i) The figure shows a silicon transisior cre 2 whack 220 bz et . ’
L

as a switch. Find the eollector currers wées o

- —
a) the transistor is in the cut off r=gec
b) the transistor 13 in the saturzed repon
e

1) Explain the imponance of keepmg the treesoor aromnd S mudle of actes segyom wher
1t 15 0 be used as an zmplifier.

iv) Find the input voltzge thet makes the rzasistor ot samrsse ( Assene Dot e Corren 220
of the transistor is 200, Vez =07 Vand B= 1002 )

v) Following voltage variation is given 10 the ouper of e soove memmsmor. Copn e onpan
wave form and draw the output wave form wih respect © T Tpx wEve S

+3V

0

b)  Anaircraft is equipped with 2 quality control syszm with seasors fhar Tornons & aooordEncs
with temperature of engine, pressure and rot=tion speed of e’
A waming bulb in pilots” cabin must be on when there s 2 sk 2nd e ns ool we =
below.
* When internal temperature is zbove 400 “C. and
* Internal pressure is zbove [.3MPz or rotation spesd of e 52T = ess e 2000 o
In a dangerous situation,
Three sensors A, B and C send signals regarding the internal temperamure of the engime. miemal
pressure and the rotation speed of the shafi as follows
sensor | Condition/process Boolean valne
A [nternal temperature is above 400 °C 11
Internal temperature is below 400 °C. 0
B Internal pressure is above 1.3 MPz 1
Internal pressure is below 1.5 MPa 0
C Rotation speed of the shafi is greater than 000 om 1
Rotation speed of the shaff is less than 4000 o 0

i) Construct a truth table (o represeat the funcuionzliny of the shove civwt.
ii) Design the circuit by using a combinazion of only AND, OR_NOT zztes w0 implement
the above control system. ( assume that the warmimg bulb is oa by the Boolezn value 1)
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L0 Answer only Part (A or Pavt (B)
Enu
(A) The four-stroke internal combustion engine
A practical intermnal combustion engine working on o petrolem misture can be produced
usimg a cvlimder containing o piston and a pair ofvales The process imvolves four strokes
which ace the upsand-down movements of the prston that e the crankshatt to provde the
required drive. Althongh the cvele ivalves these tour strokes, there are sividentitiable
stages to the evele, which in o eal engine s carried out by oset oty hinders that will be at
Jdifterent stages ot the evele
! Intake steoke: The dove provided by another
oy hmder i the engime rotates the crankshatt which
pulls the prston down tas figure () This reduces
the pressure in the evhinder by an amount
sutlicient to cause the fuel-arr minture o be torced
it the evlinder by the external atmospheric
pressure when the intake valve opens.
Compression  stroke:  The rotation of  the
crankshatt which can rotate around a honzontal
ants through (2 now drives the prston back up, (as
in figure () compressing the fuel-air mixture to
a much higher pressure and temperature. Here the t
piston moves from Bottom Dead center (BDC) to
Top Dead Center (TDC), extreme positions of' the T
piston. Friction and conduction of heat through the .é:‘k‘! [ t.)

W

ovlinder walls restnict the efficiency ot thus . G
o 1 L)

L)

process
Fxplosion: An electrical spark provided by a spark plug ignues the tuel-ai minture, causing 4
rapid nse i temperature and pressure. This is timed o take place hittle betore the piston reaches
the TDC, so that by the time combustion has been completely established the piston has come
to rest at TDC and ready tor the power stroke.

4 Power stroke: The hot gasses expand rapidly, foreing the piston down, (as w figure (o) and

tad

in the process their temperature and pressure drop. Frcton and conduction agam: Timie
efficiency. This is the part of the cyele that produces usetul work

3 Exhaust: The exhaust gasses in the evlinder are sull ata gher temperature and pressure than
the surroundings, so that they start tlow out of the oy hinder when the exhaust valve opens.

6. Fxbuust stroke: Crankshatl rotation forces the prston up, (as i feare () expelling any
remaiming exhaust gasses 1t the surroundings
A full analysis of the process going on this evele is extremely compley and mmpossible o
carry out i mathematical detail. A simphtied wea can be gained by considernng the wealizedl
cycle, which was fiest put into practice by N Outo e 18700 Fodo this, it s necessiny o
assume that the working substance, wir is behaving as an ideal s and that there s no fienon
i the system Consequently, the theoretical ougput power (idicated power) of the engine can
be written as

12
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ork ) o : Enu
work done by J (no. of cylinders )= (no. of cycles per second )

indicated power = “a piston in a cycle
When frictional forces inside the engine are taken into consideration, actual {(output) power
of the engine (this is called brake power) is less than the indicated power. As there are power

losses in the engine.
(Brake power )= (Indicated power ) - (Power lost overcoming friction )

a)  State why this engine is called four st nke engine.
b)  Identify the strokes involve in a cycle.
¢) Ifidealized conditions are assumed.,
i) Is the process undertake during the compression stroke adiabatic or isothermal”
Compression or expansion?
ii) Is the process undertake during the power stroke adiabatic or isothermal”
Compression or expansion?
d) The idealized P-I" diagram for the cycle is given here. p,
Relate the 6 process described in the paragraph to the \
paths of the cycle. \
() OA AN
(@) A3 D NN
(i) D> C S~
(iv) C>B T~
(vy B2A 0 ‘
vi) A=>0 "
e) i) The area of the P-¥ cycle for a certain four cylinder engine of a car is 156 .25 em-.
Calculate the indicated power of the engine when it is running at 6000 rpm. (Assume
that the scale of the P-F cylcle is such that | cm represents 1 Paand | m” on v and x
axes respectively.)
ii) When this car is running on a horizontal straight road with a uniform velocity of 20
m s, the air resistance is found to be 2500 N. If the engine speed at this velocity is
6000 rpm , Find the power loss due to friction in the engine. (assume there is no other
losses)
iii) If the rate of fuel consumption at this speed (20 m s™), is 0.0025 / s, find the
efficiency of the engine. (Calorific value of petrol is 4 x 107 J ')
f)  Who put forward the idea of idealized cycle for the petrol engine?

13
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10B) a)
b)

)

d)

€l

f)

Enu

What 15 called photoelectnc effect.

If ultraviolet light is fallen on to a clean zine plate connected to a negatively charged gold -

leafl electroscope, it is observed that the leal slowly collapses. Explain this.

Write down the Einstein's photoelectric equation and introduce all the terms.

Explain the following observations.

i) Photo electrons are not emitted if the frequency of incident light is less than a certain
minimum value.

i) The maximum Kinetic energy of photo electrons 1s independent of the intensity of the
incident light. But depend on the frequency of the incident light.

iii) Photoelectric current produced by light of frequency above the threshold value, is
proportional to the intensity of the incident light

Draw rough sketches for the following situations.

1) The intensity of the light incident on the photo cathode 1s doubled by keeping its frequency
constant. The graph of photoelectric current (1) against potential dilference (v) between
anode and cathode.

i) Two monochromatic light beams, green and red colours with same intensities measured in
Wm™? are allowed to incident on photo cathode, one beam at a time. The frequencies of
the light beams are higher than the threshold frequency of the material made of cathode.
Draw a rough sketch to indicate the variation of / with V for both green and red colours in
the same graph. Assume that the same percentage of incident green and red colour photons
emit photoclectrons.

The graph shows the variation of the stopping potential (V;), as a function of the frequency (1)

of the incident light for a sodium target (photo cathode)

VglV)e
| |
30 I 7
I LA
i | e
. _
zo0k p
. f//
‘, A ]
| J
1
igl- — — — - ey a—
| V T
B v
1 -
| A | i
| ] i .
(&0) a a8 : 0 12

Ix 1l'.|'hl Hz

i) What is the characteristic equation of the above graph. Introduce the symbols you use.

1) Find the gradient (m) of the graph.

i) Determine the Planck constant (h) (Electronic charge () = Lo x 1077 C)

iv) What is the threshold frequency of the metal.

v) Calculate the work function of Sodium.

vi) Copy the shape of the above graph on your paper and draw a rough sketch for the target
metal potassium (K) on the same graph.

14
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