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I(a)(i)

The incident ray, reflécted ray and the normal at the poMncidcnce all
lie in the same plane.

- The angle of incidence is equal to the angle of reﬂe@n."

L,
L
L

02

(i)

Reflection takes place at the two surfaces S and %3. The reflection at the
first surface at the point N leads to ifiage .

The transmitted light is reflected agthe silvered surface at point N;. It
undergoes partial reflection and tefraction ap\>. The refracted light
appears to originate from I and this leads to formation of imfage I .The
successive internal reflections and refractions lead to formation of other

images. ]/}/

04

(b)(i)

Action of mirror A

l 1.1

v f u /
| 1

20 30

V= 60cm /

ction of mirror B
=-10cm, f=15cm
| B

s

05

(ii)

02
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The illuminated object is placed at a distance greater than the focal length
of the lens and the apparatus are set as shown above.

The screen S; is adjusted until a sharp imagl/is formed on it. The distance
x betweepXL| and S; is measured.

The convex mirror whose focal length is required is placg‘djégxially
between L and Sz. The mirror is adjusted until a sharp image is focused
on Sy adjacent to the object. The distance y Bétween L1 and the mirrdT is

measured. The focal length f is calculated from f= %—}i /

(d

With mirrors of wider aperture, both the centraj¥hd marginal rays
converge at diffep¢nt points on the principal axis forming a blurred jrftage. | 03

Mirrors of sma; aperty%’ only allow central rays which converge at one
point on the principal {s forming a {bﬂ%ﬁﬁgﬁ:
o _

T T R
LI g Tt A @: 58

2@a)(i)

Refraction is the change in the dire

stl}réf llght as it travels from one
medium into another.

01

(ii)

The incident ray, the refracted ray an'(llye'ﬁormal at the point of incidence
all lie in the same plane. ‘

For two given media, the ratio of the sin\e/of/angle of incidence to the sine | 02
of angle of refraction is a constant.

(b)(i)

Consider a ray originally parallel and close to the principal axis, incident
on the lens at a small distance h above the principal axis.

Ba

Since d is small d~tang: = o (i) \)(

'Eh-ms-t_s/llle deviatior? throué{'a prism of small angle A formed by tangents
at X and Y to the lens surfaces.

YA F =0 1= -G

05

]
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" ——TThe normals at X and Y i
| v pass respectively through the center Curve
C1, G2 of the lens surfaces. ‘ iy

From geometry, A =% + 3
o and B are small angles measured

inradiansaztana=ﬁ,ﬁ=tan[5
rl
h
Lo
¢ h h 412
N S A R L
%" n n h 5
From (ii) and (iii)

prenie ]

An illuminated object, O is pla%nfront of a tube and the position of one

end of the tube is marked, A.
The position of a clear image of O is located on thegCteen, I, The

distance, L between the objeqt/'ﬂﬁi the screen is measured. Keeping the

object, O and the screen at I fixed in pospNon, the tube is displaced t(éi/

obtain another clear image on the screen and the position is marked B.
The distance between the two lens positions is mea\S}aéd, d. The foca
2 2

length,  of the lens is calculated from f= —-34:[‘—/
v

(d) g 4

3 g,-]/ R l/
! 03
Action of Lj u= 1.5¢cm, f=1.2cm

|
_l_=—+-;/\£> -L=L+l/é v0=6.0¢iV\/
&y ¥ | 2o L3 ¥y

0

Action of L2, fe =4.0cm, Ve = -25¢cm e
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._‘:L.pl = L:L_.}_ u, =3.45cm \\
o 40 u, 25
Separation of lenses = vg + ue = 6.0 %.45 = 9.45512&

(e) There is no chromatic abgrfation 3
There is no spherical abggedfion. B
Relatively cheaper since only one face of the objective needs grinding. 02
Has high resolving power M\

Forms brighter images. ]
- TOTAL=20MARKS ... . .. .

3(a)i) | A transverse wave is a wave in which t particles vibrate perpendicular
to the direction of propagation of thexfave. 01
A longitudinal wave is a waye in whicl/the particles vibrate along the
direction of propagation of the wa 01

(b) y =0.02sin27(ft 3t 7/0?62)() compare with
y =asin 21!(}"!*%) ,‘/\/

¥ =0.02 sin2]] (3t - 0.02x) 02

) y =asin Zﬂ(ﬁ—%)
ft= }& f=3H

(i) e 5

% <0025 2= 5om X
v=f /lyY 02
=3 x50 = 150ms™_

(iii) AQ = M T % n radians or 180°

50 \/?z
02
=7 radigfiOR 180°
Y4 \,

(e)(i) When two waves of nearly requencies and similar a:gpﬁ\udes are
sounded together, they supe . When they meet in phase, constructive
interference takes place and & loud sound isheard. When they meet out of |03
phase, destructive inter‘gerence takes place and soft squpdis heard.

A periodic risyﬁd fall intensity (or loudness) of sound is heard which is
called beats. x :

(ii) An instrument of standard frequ\e}o{ is sounded together with an
instrument to be tuned.

The frequency of the instrument to be tadned'is then adjusted until beats 03
are heard.
When the beats reduce to zero, the instrument is mémed.

(d)(i) e
Speed of car = 30ms’!

03
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Apparent frequency f, = :1—/ '(V fU ]/‘ I/

fom VX200,

L]

330-30

Wave length received by the observer

2 rl

/
Apparent velocity va=V + U,
e v V+U, /
Apparent frequency o= A, = e =( )f

330430
. 28
A (330-30)" i

03

= 336Hz
e

" TOTAL=20

Huygen’s principle states that every point on a wave front may be ;
regarded as a source of secondary wavelets the new wave front is the
envelope of the secondary wavelets.

‘ t
1l ot

Consider a plane wave front of light AB which is about to cross from air

into a material. : :
Let C and V be the velocities of light in air and material respectively.

- Y

01

If a wave particle at B takes time, t .,tf move to B!, then the distance BB' %
ct In the same time, a wave particle A movesto A' a dist‘a;ﬁe/AA' =Yt
From triangles ABB' and AB'A! % 04
sini BB /AB'_BB' o _c
sinr %A"/AB’ Ad" vtov \/
c c
{t —= =—
Bu . }XO e \)(
Let /5 and fbe the frequencies of light in vacuum and in the medium
respectively.
14 (4
Thenf—ﬁ)=>1=z / 03
A ¥ _
AV v &
== /1, = ii..l = @
n 1.5
=400
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(e)(i)

Plane polarized light is one whose electric vect CV/IES only one plane
perpendicular to the direction of the light ray.

uh[’o(‘:\*’l h\/( EJn
Lig N\ %

fb(ﬂr\uJ
. Ry
BLQQSCM‘A(wl\

01 |

(ii)

A narrow beam of unpolarised lighg is directed onto a medium and the
reflected light is viewed throughd polaroid. Starting,with a small angle of
incidence, the polaroid is rotated abgut an axis thedugh its plane. The
angle of incidence is gradually inefeased where by at each angle of
incidence the polaroid is rotated. At one angle of incidence, the reflected
light getvﬁ‘f off, from the observer as the polargjd is rotated. At this
point, the reflected light is completely plane pd(d ised

04

(d)

n 1.52
_g_ N = —-=t =4'0
P RO B

=7, =90-488=4120"

(e)

04

The test slide is placed in contact with a standard flat sji\fe to form an air
wedge. Monochromatic light is directed almost: normally onto the ge
and interference pattern formeg)fre viewed from above.

If regular fringes parallel to the line of contact is observed, the te§t)1¥ﬂ is
flat. :

Any areas showing irregular pafterns correspond to the areas on the
surface that are not ﬂat

03

T TOTALZ0MARK:

S(a)(i) ’

Im carrying a current of 1A placed perpe; lar to the magnetic field.

Magnetlc ﬂux dens1ty is the force expene:;c?y a conductor of length

OR

Magnetic flux densuy is the force experienced by a charge of 1C moving
with velocity lms at right angles to the magnetic field.

(ii)

long placed perpendicular to the magnetigAield and carrying a current 1A

The tesla is the magnetic flux density \:i:/r:)he force on a conductor 1m
is IN.

01

o %

(b)

n V l/of-n.

lE d : . &

Consider two parallel conductors A and B above, carrying currents of I

04

and > respectively. The magnetic flux density due to current I, at P, is B;
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gt A
[« /
The forc i i i 3.

orce acting per meter Jefigth on wire B is F, = 2™ 2]"ij

Similarly the magnetic flux density due to current I at P, is B2 = Z—ITJ

The force per metre length on wire A

" N,
F2 =Byl = fn’*—g

.. Force per metre length between A and b

N, II
le‘: =F, = 9172
1=F ———-2Hd \)/

©) | p= NoM 5
2r
(ii) Number of turns of the coil
N=_80 8.0
o 04

2[1r  2[1x0.05
Magnetic flux density at the centre of the coil

p=Noy 4.0I1X107 X2X8.0
Mir ~ 2X0.05X2[X0.0

= E=Brsind0°LV

Lot A

2 = 6.40 X 104T ‘

(d) v
The apparatus js arranged as shown above. 'I'he search coil is placed Iythe 05
magnetic mefidian such that the pointer of the magnetome ads zero.
switch K is clog¥d and the pointer readings 01, 6> ag¥’noted. The average
deflection is calculated fromeza';gz. If Bu andyB. are the earth’s
magnetic flux density and the magnetic flux density of the coil due to

B
current respectively, then B‘,tanﬂ
o

(e) Induced emf E= BLV = B\LV,

But By = Bg sipr40° v
04

Bg = . i
" IVsind®  20X250sin 400
= 187106 T

L A T TOTAL 0 MARKS ™
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. S el — - : : £
| O(a) Sell-induction is the generatiopf emf in a coil due to changing current in | 0

? the same coil,

| i

‘ Mutual induction is the generationof emf in a circuit due to the changing | 01
| current in a nearby coil / circyi

) S seftinem core

primars cat
|
T~ =i : 05
q : SQ_CQ‘\JHS [\ L t/
An alternating voljage connected to the primary coil produces an
alternating cu\rr{?ﬁn it. This sets up an alternating y&ﬁetic flux in th
core which links the second coil thus induces arf‘alternating emf ipthe
secondary coil. The magnitude of the induced emf in the secondary coil is
Vs=NsA9B  y (i)
dt
The changing magnetic flux also links the primary and induces a back emf
in the same coil whose magnitude is Vp =-NpA %ﬁ -=z= (ii)
¢
Vs N \/(
Thus — =—
Vo Np
When Ns > Np, Vs >Vp and the transformer is a step up transformer.
When Ns<Np, Vs<Vpand it isa step-down transformer.
(ii) - Ohmic loss,finimized by the use of thigk’Copper wire.
- Hyster\e}is, minimized by the use of a mz{g(}étically soft material.
- Magneti\c/ﬁux leakage, minimized by windin\g)ﬁe secondary coil on | 04
the primary coil.
- Eddy cyy‘nts, minimised by laminagipé’ the core.

(c)() | When the rod begins to move down wards, it cuts the maggefic field and
current is induced ¥ the circuit. Magnetic force comes into play whic 03
opposes the motion of the cofiductor. The force increases with t@)&ease
in speed. When the force becomes equal fothie weight of the rod, the rod
begins to move with the cc\)?(ant velocity.

(ii) At steady speed 2
F= lyL/= mg
[= Y _BLU

BX R
03
y= BLU _ .
R g

— mgR \/.
4 . o i \X
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—0.04X981X0.05
B e el

0.3 X0.6? /
=0.606 ms'!

Induced e.m.fE = 2[] {NBA sin 2T ft J

Maximum e.m.f Ey =2 [TfNBA

Maximum induced e.m.f thus i increases with increase in
frequency or angular velocity

Number of turns of the coxl\)(
Area of the coil. X’

03

Magnetic flux densitx)(

7(a)(i)

Peak value is the maximum value of the alternating current.

dissipates heat in a glven resistor at'the same rate as the alternating

Root mean square value is the v\al}ne/o? steady/ direct current which
current.

01

01

(b)

Y A

]:._: 1o C\v: ﬂrft‘

Instantaneous power dissipated P = R VX
P = I2sin’ 2] iR X

<P> <IRsin® 211 fi>

=I’RZsin 211 ft >

‘ 1
But < sin?2[] fi>= =
=1 x

1 2
<P>= - [R

7 D
Let Irms be the steady current that dissipates heat in the resistor at the
same rate as the a.c then

<P>=TI*rms R

Prms R = llj{t/\/
%

04

(c)

03
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INGIRER ¥ inged
When the switch K is closed, the bulb lijghts dimly and gradually Mes
to full brightness.

When it is switched off, the bulb dims and gra?%oes off.

When the switch is closed, a large back gm.f is induced, in the coil which
opposes the flow of currcn{/’lu\fﬁc circlit, very little current flows through
the bulb hence qu*n light,

The rgte of change of current reduces gradually and the back e. :f reduces
“\7;9‘%" leading to maximum current and the bulb lights to\mr:'lghtness.

When the swijtch is opened, the decaying magnetic field in the coil induces
an e.m.f jnhe circuit which tends to reinforce jfe decaying current.
The glow of the bulb redchdually and goes off.

il Nov\-h"'\\'«vm‘/r
A s S

auntrgl $Pving ¢v ha v c',.,,‘,g

Fi:x:-.al row rod + :
covl -

Movabla (ron ra.t\j/

P -
Current to be measured is assed thpdugh the coil. The iron rods get
magnetized in the same s¢nse and repel. The movable iron rod is pushed
away and as it moves, the pointer pe¥ates over the scale until it is stopped

by the restoring torgaé of the half spring. The deflecting torque ig il %)
proporti;)zl to the force of pepulsion which is proportional to the sguare

of the cyftent. Hence the dgﬂgction Hoc 412>_ s : A
R R TR N O A = 20MARKS T

£

Electric fieid intensify is the forcy@ on 1C of positive charge at a
point in an electric field.

Electric potential is the work done to traa€fer 1C of positive charge from
infinity to a point against the electyostétic field. '

.-
The divergence of the gald leaf electroscope ally reduces. At the tip
of the pin, there is highf charge density thus high electric field i tensity.
The air aroupd the pin geSSyﬁzed, ions of opposite charge to that on the
pin are athS(ed and neutralize some of the charge on the pin 3#@-the
electroscdpe. The electroscope thus discharges gradually.
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S —— s

e as—

B - silk belt /

E\E; = Metal electrodes
8- Spherical metal shell
T ~ Insulating stand

P — Pulley

The lower electrode is maintained at high positiy\c/p?écntial relative to the
carth. The high electric field intensity at the spikes of the electrode ionizes
air amuMpikcs. Positive ions are repelled onto tl}ﬁ)ﬂfcbelt driven by
the motSr. The positive charge is carried up wards by the belt. he
charge approaches the upper electrode, it induces negative ¢ on the
spikes of the electrode and repels positiv charge on to the outer surface of
the metal sphere through the connecting rod. The high electric field
intensity at the spikes of the electrode, E» ionizes aifaround it elling
negative charge onto the belt. This negative charge neutral'@ygz positive
charge on the belt before it goes over the upper pulley. The process is
repeated until the metal shell is about 106 V po‘fy\é relative to earth.

05

(d)

. E®=F ¢ Since the sp is stationary,

= EQ= here Q is the charge on the
gphare ~ sphere.

/ T mgd _8.0X10° X9.81X40X107 ~
v 6000 v

= 5.2\3}0'5 C

04

(e)

A wire wound on an insulatipX rod is connected to the cap of a neutral
gold leaf electroscope.

The free end of the wire is moved oyer the surface0f the conductor.

04

The divergence of the leaf remai thelsme as the wire is moved from
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/———“"—”1
- on the surface of the conductor.

[ one puinrt‘i:w another on the surfacg 0 1 chatgnd conductor.
I'he potential is constant ovey the pear shape

‘ NS R TR T TR T T d material opposite
[ When a neutral metal body js beUghl near af"??f:‘%%‘égﬁé‘cﬁoay i 02
charge is induced on the side he metal t

to each other the attraction

ide. Si i w clos
side. Since opposite charges are no ision force. Hence the

& b
force between the materm’lhus gﬁayh n the repu

‘,
1 metal body is attracted. W 75

! 1 TOTAL = 20 MARKS _ e
l

: . : o
9(a)(i) ] Capacitance is the ratio of the magni;lj:‘?)ﬂaf ge on either plate o1

capacitor to the potential difference agrpss its plates.

(ii) :
V= "/=>la= g je BOXID 03
AHAEF 4[1rv 4T1X0.11X
=9.65X1.0"\2y/

= A

(b)

&MJ 8 ort Cﬂkﬂcftﬁ‘"
Pleleas.

e

Plate B is charged and the divergence of the leaf of the Mscope is
noted. Plate A is then displaced upwards to reduce the area of overlap of
the plates. The divergence of the leaf of the electrosco;\m/ivsén to

increase since C = £ | capacitance h{aS}dﬁced. ie
v

C o A
(c) C _ 04

04

—

03

d ;
Q =cv= EQA/:' 8.85X10"2X2X10“'X10,g)0/
4

S¥Ip . e
=3.54X10%C
(d Y W
) From V‘—)g/,cﬁg,c C=C

:K:i\;ﬂ?\/2=%‘/(
Chalgéinpd=Vz—V1=:>V,=%-é=%[1_‘_gl_)_\/\/ 03
Fractional change in pd T)%Eﬁ = %(]-E—I,J %
o Y

He)(i) / Relative permittivity is the ratio of permittyof the material to 01

permittivity of free space.
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T sy o

T
kS L ka
A Ry

A capacitor with w6etween the plates s connected us above, Switch K

is closed and after n short time it I opened, Kz Iy closed apd'the first
deflection 6, of B Gy iy \yf{d.l(z I8 opcn:}’l}w test dielectric is placed

is closed, The first deflection y’lln (4 I8 noted. Relative permittivity ¢,

' \ \ 0
I8 found from ¢, = —c¢
; 0, /

between the plates and ki is closed, After gafort time K is opened unM

05

TOTALS 20 MARKS =

_ W A 2
10(a)(i) | Resistance of a conductor is the opposition to flow ydfrcm through a
conductor, 01
: \Z
(ii) Length: Incregse in length leads to er path for electrons. This leads
to moge golH ions with the material fons. This reduces the current and 12
henceﬁ In resistange?
Temperature: Increase in temperature increases the ar ydﬂe of vibration
of the ions. This increases the rate of col@a\{ between the electrons and
the ions. This reduces the amount of current ﬂowin%}okﬂying a higher
resistance. l
)
(b) Effective resistance Rp = LGV
300+150
<100Q
gooa~  Total resistance RT =100 + 600
[0V =y
04

Current supplied by the battery
v 10

I BN v B e— 2 4
ol = 014\3//1)(

P.d across parallel combination = P.d across the bulb
Vp=IRp=0.0143 X 100 = 1.43V

7, (|.43!2
E = % = =
nergy E t 30 X5 —0.068%V |
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|
|
|

10rd

(e)i)

" Ca
| o SE s s

<
[ X] U Km0 WM i

e S s
T s
I '\X i
L8
U s < lsudawire
folin il
- ¥ VK

At balance the galvanometer shows no deﬂcsgﬂ(
P.d across R = P.d across L and

P.d across R2 = P.d across L;

Current through R = current through R
And current through L, = gurrent through L
= LRi =DLKLy..... LAY ¢))

LRz =DBKL2 ....ccineen 2)
K is the resistance per cm of the slide wire

R L
/2 L=
l" R, 2% '\/

04

(i)

> &
R must be chosen such that the balance p@t’fs near the middle of the
wire AB. o

b\
After determining the balance length L; and L, YR andR2 should be
interchanged in order to get the average es of the balance lengths.

The resistance wire AB should not be scrapped by the Jockey. This is to
avoid spoiling the uniformity of the wire.

02

(d)

1.2

.

| o

=£L_=9.0X10’6X1 ‘),

R ek oot
A 1.5Xx10° Lo

04

With K open, p.d across Al=E,=12V

-
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1.2Vem!

RN St il
Pd/em 75 \)(

= 2%/ pd/uu-l,,lt/vmai X~(-'—=———-—-[2»‘~
64 6+R" 100 (6+R)I00
12 1,2

12X75
6.0
haRluo 78 ( } ;)(

Let the 'l;nii\‘ui[:éﬁlr.englh be L

e T i B 1.2
Wul\ ‘lS‘d.l“  —

Ith K close e 02\.4)/ 02
ValR=0,2X58= |V

2 :
p.d/cm & -l--Ech 'j(
p.d across L = 765 o 3

2L 1001
2 e 400
Mt Mo

-
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