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On Answer Marks

1 (@) | (i) - The reflected ray, the incident ray, and the normal to the mirror at the point

of incidence all lie in the same plane. ~ 1
- The angle of incidence is equal to the angle of reflection 1
(ii) P\,\LM
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Suppose OQ' is an object in front of a plane mirror MM'. A ray ON, from O
normal to MM, is reflected back along the same path. X Ya
Another ray, OM, is reflected along MP and the two reflected rays appear to
come from I, which is therefore the image of O. X

Similarly, the ray O’'N’ and O'M’ from O’, when they are reflected,\igpear to
come from I, which therefore is the image of O'. Yo
Because of the laws of reflection, Z/MON = ZMIN Y Yo
and ZM'O'N’ = ZM'I'N' it follows that the trapezia OO'M'M ar\lgy'M'M are
congruent, with a common side MM'. Yo

00 T . 1
So O0'" = |l'" = same size N g L5

Yo

(b)

X Yo
Consider an object at O on the principal axis. A ray OX is reflected at X to go
along XI.
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Another ray OP along the principal axis, strikes the mirror at P arld)§ reflected Yo
back along the same path. Ya
The reflected rays meet at I. So I is the image of O. bl Yo
Now, the normal at X must be passing through the centre of curvature;C.
According to the laws of reflection, ZOXC = ZCXI =6

From the geometry of the figure, Ya
a+0 =P (1) X Y
B+O =vy...... () X

From (1) and (2) a+y = 28
All these are small angles.

X
So aztanazﬁzﬁ, yztanyzﬁzﬁandetanB:EZE
OP u IP v CP

Yo

Yo
Thus 2 X2 _2XP

u \' r

Hence since r = 2f ~x Y

c |-
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\

- | =

ALTERNATIVE DERIVATION
l« u

Qo
h1

v
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O
hz

Imagine an object OQ of height h; at O.
A ray QR parallel to the principal axis is reflected through F, the principal focus.
A ray QP, incident at the pole, is reflected through S such that #/QPO = ZSPI
and the point, S, where the two reflected rays meet is the image of Q. Also | is
the image of O since O is on the principal axis, and IS is the image of OQ.
Now AQPO is similar to ASPI

h, P v

So h—l—ﬁ—a ...... (1)

And ASIF is similar to ARPF

SI _TF hich leads t h, v-—f )
bR — pp Whic easohl— ; PR ¢

\4 v—f
From (1)and (2) T

So
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Dividing through by v and rearranging, we have 1 + 1 :%
u v
I u V—
4 -~
oT I !
© | it
A pin O is placed to form an image I in the convex mirror. X Ya
Then a small plane mirror, M, facing O is moved between O and P until the
image, I', of the lower part of O coincides with 1. ~ 1
The distances OP and MP are measured. Nl Y,
Due to the plane mirror, OM = Ml X 1,
5. v=0M - MP (virtual) and u= OP (real)
The procedure is repeated for several positions of O each time worl@(g outu~~| %
and v. 1y
A graph of 1/v against 1/u is plotted. &
The intercept on each axis gives 1/f Nl
(d)
3 10cm
b
L— 14cm_—ple—— 20cm 4J
Radius of curvature,r=2f = 24cm ~— 1
.. for the lens, object distance u=-10cm and v = 20 cAT” 1
Using 1 + 1 :% where f is the focal length of the concave lens
u v
i+i=\1/:> = -20cm—" 2
-10 20 f
Total = 20
2. (a)
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(i) Refraction is the change of speed of light usually resulting in change of 1
direction of travel as light crosses from one medium to another of different.—
optical density.

(ii) .... the angle incidence for which the refracted ray grazes the interface

between the two media. ~ 1
(b)
Let O be a point at the bottom of the pond.
Rays of light coming from O are refracted away 1
from their respective normals as they cross the
water-air boundary. >~ 1
This makes them appear to come from | as they 1
—— enter the observer’s eye. ~
So the bottom of the pond appears raised to |
© | @) i —
N3 1
~ N;;~~:‘N~~\~~-_Il |2 1
6cm
(ii) The screen will be shifted from Iy to I. T 1
Let the displacement 11> be d
Then, using n = _ realdepth ~
apparentdepth 1
16 = 6 = 96-16d =6 ~
6—d 1
d = 225cm ~
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X 1

Fo is the principal focus of the objective lens.
Rays from a point on a distant object arrive at the objective lens as a parallel™>~ Yo

beam.

The objective converges the rays to its focal plane and would form an Yo
intermediate image there if the eyepiece werenot in place.

In this case the eyepiece is adjusted in such a way that it diverges the rays to Yo
appear to come from I, at the near point. "% Ya

This time the intermediate image acts as a virtual object for the eyepieegt

(i1) a is the angle subtended at the objective and is the visual angle as would be
perceived by a necked eye.

o' is the visual angle due to the final image.

All these are small angles.

So a=h/f, and hlu, X X 1
where f, = focal length of the objective

and u =the distance between the eyepiece and the intermediate image of

height h
Using E+£:1
u v f
11 7
5 —D+— ( eyepieces is diverging}—x
u= f.D X &
f.-D
e ' f
Now, angular magnification, M = ¢ - i =2~ 1
a hif, u
_ fo (fe B D)
Therefore M = E D
M = f_o f_é_ ~ 1
f.\ D
Total = 20
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3.(a) | (i) ... the distance between successive points that are in phase " 1
(i1) ... the relative position of the note on a musical scale ~ 1
(b) | (i) In the direction of the observer, the f waves produced in a second occupy a
distance V + Us ~ 1
V+u
So the apparent wavelength A’ = : s N 1
The apparent velocity observed, V' = V+Uu, ~— 1
V' V+u
So, the apparent frequency, f' = — = o If
pp q y o {V+usj ~ N 5
(ii) If the observer is faster that the source, ' > f ~ 1
So the pitch of the sound heard will be higher. ~ 1
c
(if)
A photograph of the star’s spectrum is taken. ~ 1
The spectral lines are then compared with the same lines obtained by
photographing, in the laboratory, an arc spectrum of an elemert/present in the 1
star. 1
The shift, AA, of the wavelength is measured. ~
1
The speed of the staris v = %c ~
(d | (i) 11=0.78m, c1 =0.017m, I, =0.80m, c2 =0.015m
Now A1 = 2(l1+2c1) = 2(0.78 +0.034) = 1.628m— 1
and A2 = 2(l2+2c2) = 2(0.80+0.030) = 1.660m— 1
Beat frequency, v_ V. 5 ~ 1
1 }\’2
V = 5X A, _ 5x1.628x1.660 _ 4223 m st~
A, — Ay 1.660-1.628 1
(i) f = Voo 423 o94H2 ~ !
A 1.628
=Y =423 onang ~ 1
A, 1.660
Total = 20
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4. (a) | (i) Light can undergo polarisation while sound cannot. ~— 1

(if) This what is achieved when a wave front meets two gynore) apertures and

each aperture behaves like a source. N 1
So a number of wavefronts are obtained like they are from different coherent 1
sources.

!
]
BN/ 0

<
< D >

(b)

~ 1

< — > —pix

Suppose P is the position of the n™ bright fringe, so that YP — XP = nx—%
Let OP = xn, where O is the centre of the fringe system. OM is the
perpendicular bisector of AB. If a length PN equal to PA is described on PY,
then YN = YP—XP = na. Y
In practice AB is very small compared to PM so that AN meets AN practically 1
at right angles.

Hence Z/PMO = ZYXN = 0, say X

Now, sinezm:n—}L N 7
XY a
X
Also from APMO, tan 6 = PO _ X, 1y
MO D
1
Since 0 is very small, tan 0 = sin 0 X &
Xk
D a
nDA
XN T o
" a (B Y
For the (n + 1) bright fringe,  Xn«1 = (n+1)DA (2)
a
. the separation, y, between successive fringes
AD Yo
= Xn+1—Xn = —— X

a

Yo
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Yo

(c) | (i) Coloured interference fringes are observed, with the central fringe white.~" 2

(i) The fringes gradually disappear. ~ 1
This is because the slit is then equivalent to many narrow slits, each producing
its own fringe system at different places. ~ 1
The bright and dark fringes of different systems therefore ovgrl/ap into a uniform
illumination. 1
(iii)
- A red filter is placed in front of the slits and produces red fringes. " 1
- The microscope is focused on the Perspex ruler R and the average distance
Y, between the fringes is measured on R. ~ 1
- The distance, a, between the slits is found by using a travelling microscope
(or a magnifying glass). ~ 1
- The distance, D, between the slits and the sreen is measured using a metr\e/
rule. 1
ay
Then the wavelength, A= D
nDA ~ 1
Xn = —— ,wheren=8
(d) a
ax 3 0. N\ 1
D = no_ 6 x10 x07x710 — 0.833me—
nA 8x6.3x10° 1
Total = 20
5.(@) | ...the opposition to the flow of an alternating current offered by a combination
of loads, inductive, capacitive and resistive. ~ 1
() | (i) v 1
I \ } ~ 1
Tl Time ~ 1

1

RIEiE

(i) In one cycle of the alternating current four processes are performed. Let A
and B be the capacitor plates as shown below.

A B A B
+ - |+

A B A B
+H |- + |- _
7\ N

% ~U
DOWNLOADWR/E RESOUMKE THIS OMLEBOOKMM

) () (D) @)



https://ecolebooks.com/
https://ecolebooks.com/
https://ecolebooks.com/
https://ecolebooks.com

@EcoleBooks

Ecolebooks.com

Let us start with a quarter of the cycle when A is charging positively (fig(i)). 1
The current is flowing clockwise until the capacitor is fully charged.

In the next quarter the plates are discharging. X Yy
So the current reverses but the polarity of the capacitor remains until it is fully
discharged (fig (ii)). bl Yo

In the next quarter, B is now charging positively while A negatively. So the
current remains flowing anticlockwise until the capacitor is fully charged.\/

In the last quarter the plates are discharging. So the current reverses and flows in
that direction until the capacitor is fully discharged and the cycle repeats>~~" 1
This way an alternating current flows in the circuit.

(©)

A c 24
/ S \Resistancéﬁﬁre 1
Pulley D Phosphor-bronze

) _ % wire 1
Tension spring— X 5

X Y2

Pl

It consists of a fine resistance wire AB. Another fine wire CD, whose one end is
fixed to the mid-point, C, of AB wraps round a pulley P and has its other end

fixed to a tension spring. The spring keeps CD taut. X Yo
The current to be measured is led through AB, which heats tpx” Yo
So AB expands and sags, the sag is taken up by CD, which is held taut by the

tension spring. X 7

The expansion stops when the resistance wire is losing hea{g[(the same rate as it v,
is developed in it by the current.

Due to the wrapping of CD round the pulley, the pulley rotates and turns the
pointer clockwise, which is attached to it. X Yo
The rate at which heat is generated in AB is proportional to\ﬁ? square of the

. . 1
current. So the scale is non-linear. /2

(d) | (i) Peak voltage, Vo = 300~/2 volts, ® =320 rad s’
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6
Capacitive reactance, Xc = Lo 1Y 5o ~ 2
oC 320 x250
Impedance, Z = /X2 +R? = 1252+20° = 236Q ~ 1
~—
oo Ve o Vo 300v2 _ DT A .
Z ZJ2 2362 1
(i) Energy is supplied to pure resistance only
. Power = 12 R = 12.72°x20 = 3236 W T 1
X, 12.5
(iii) Phase angle, 6 = tan*| g | = tan™| 5 | = 32° ~— )
Total = 20

6. (a) | (i) A current flowing in a conductor produce a magnetic field around the ~ ~< Ya
conductor.
The two fields interact and this results in clustering of magnetic field lines of Ya
force on one side of the conductor. E.g. X
Y

3

Force
Y
Now, the tendency of the lines of force is to straighten and spread out. ~X 1
This is achieved by forcing the conductor away from the region of clusteting.
(i) Bib sin 6 1

(iii) a 1 B /ﬁ)—»
F a
gl ™ I"\‘Fl; Fi/dea B | 1
W F > \\\
TZ Ld A\ \\ >
E ] ‘
The forces F2 cancel out one another.
Now, F: = Bla forone turn X
The torque on the coil is T = Fibcosa Y
.. © = Blabcoso. = BIAcosa, where ab = A = area of the cott™ Y
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For N turns, T = BIANcosa = BIAN since cos 0 =1 el Y%
Y
Yo
(b) | ()
— Scale
~~<" Pointer —— A
Hair sprin
@ED/—D_‘_ Yo
> Soft iron cylinder ~x" Ya

Magnetic
pole pieces Yo
Coil ~~x Jeweled bearing ~~~
Consider one turn of the coil of length a and width b. 1
B
F F

/bﬂ

Since the magnetic field is radial, the plane of the coil is always parallel to the
field.

The force exerted by the field B on each of the sides parallel to the axis of the
cylinder C, experiences a force F = Bla bl

The torque exerted by the force F on each turn is

t =Fb=BIlab = BIA, where A = ab = area of the toil. Y
If the coil has N turns, then the total torque exerted on it by the current is
T=Nt=BIAN ................. (1) X x| %
The coil turns until the opposing torque due to the twisting of the springs is
equal to T. The opposing torque is directly proportional to the twist 6, which is 1
the deflection of the coil. Thus, if k is the constant of suspension (torque per unit
twist),
Then T = ko
BIAN = ko X

DOWNLOAD MORE RESOURCES LIKE THISON ECOLEBOOKS.COM



https://ecolebooks.com/
https://ecolebooks.com/
https://ecolebooks.com/
https://ecolebooks.com

@EcoleBooks

Ecolebooks.com

_ BANI 1
~k
Thus the deflection 6 is directly proportional to the current I. So the instrument
can be calibrated directly in units of cutrent.
Y
(if) From this it can be established that the factors determining current sensitivity
are 1
- strength of the magnetic field X Yo
- area of the coil Y Y
- number of turns of the coil X Yo
- constant of suspension Nl
\/

(c) B = unls, where Is 2A and n = 1000 1
Torque, T = BICAN, wherelc = 1Aand N =10 ~ 1
Thus, T = unkle .xr’N ~ 1

= 41 x 107 x 1000 X 2 X 1 X 7 x 0.025% x40~ 1
= 4.93x 10° Nm ~ 1
Total = 20

7.(a) | (i) .... is a vertical plane through the magnetic north and south poles..— 1
(11) ... the angle between the magnetic meridian and the geographic meridiar. 1
(ii1) ... a point where the resultant magnetic force is zero. ~—" 1

(b) | ()
X
Pattern — 1 3
S N Neutral points — 2
- ”
(i) ”Zﬂ ,  Where p is the permittivity ~ 1
r
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(©) - The magnetometer is placed or suspended on a horizontal wooden table and

adjusted to bring the pointer position to the zero mark(s). X Yo

- One of the fields under test, say of intensity Hy, is applied east-west through

the location of the magnetometer and the pointer deflection, 61, isToted: 1%

- The procedure is repeated using the other field intensity, say H», and the

deflection, 0., is noted. ~ 1
Now, when the field is applied perpendicular to the earth’s horizontal

component, the two fields interact and the magnet of the magnetometer turns\tB(

lie along the resultant. Y

Yo

X
Let He be the earth’s horizontal magnetic intensity Y2
Then, from the diagrams ~ Hi = Hetan 6; > 2
and Hz = Hetan 02X
H, tanb6, ~ 1

H, ~ tan 0,

(d) | (i) The axis of the magnet may not lie exactly in the effective plane of the coit.” 1

(ii) The coil produced a field perpendicular to the earth’s field.
We take the average deflection
= (47 +49) = 48° ~ 1
Let Bc = flux density due to the coil
Be = horizontal flux density of the earth

_ X _ MNI
Then Be = Bccot = 7cot 0 1Y
_ 4nx107 x10x7.0xcot48° 1,
2x0.10
= 3.96x10*T ~ 1
(i) The deflection would be zero ~ 1

(iv)  Bc = Betan©
Yo
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”—NI = Betan© A
2r y
2
tan 0 o« l X
r
Total = 20

8.(a) | ()

Neutral conductor

Charged ++

bOdy \ + +
+ ~ 1

E

When the two bodies are near each other, electrostatic induction occurs in the

conductor such the unlike charges get nearer each other than the Il“te(charges. 1
So the unlike charges attract each other more than the like ones do-—< Yo
Hence the net result is an attraction between the two bodies. X Yo
'€ mds O — 1

| © &

Suppose a pointed conductor A is charged positively.

Most of the charge concentrates at the tip creating an intense electric field thefe.
This ionises the air near the tip. X
The negative ions are attracted to the tip and are neutralised while the positive
ions are repelled. b
The net result is that positive charge is being sprayed from the tip into the air®

i

Yo
Yo

Yo
Y

Z
The conductor, A, is supported on an insulator and given a charge.~.x Ya
Proof planes of the same area, but shaped to fit the various respective parts of
the conductor, are prepared. X Yo
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A proof plane (on an insulating handle) at a time is placed on the part it fits and
charged by induction. ~ 1
The charged proof plane is then transferred to the inside of a hollow can

connected to the cap of a neutral electroscope (without making contact with the

can), each time noting the divergence of the leaf. ~ 1
It is observed that proof planes from sharper parts cause greater divergeneex Yo
This implies that surface density (charge per unit area) increases with curvature. Yo

(c) | (i) Suppose A is the point whose potential, Va, is required. Then imagine a small

point charge g placed at point C, distance x from Q. X Yo
Q A B ¢
e d PX )i X*q
I > I
Qq X )
The f ti isF =
€ Iorce actng on q 1s drex?
Suppose g is now moved a small distance 6x to B, 6x being so small that the
field due to Q is not affected. ~ 1

Over this small distance, the force F may be regarded as constant. So the work
done by the external agent over dx against the force of the field is

OW = F(-6x)
_ Qq(—0x) ~
oW = 4mex? 1
The total work done in bringing g from infinity to point A is
w oo Q1. -Qq [_] — 1
4me J x2 4me 47‘CSd
The potential Va at point A is the work done per unit positive charge brought
from infinity to A.
Hence V, = w__Q 1
A q 4ned ~
.. . Q, Q, 1
ii) Potential at P, Vp = + = +
(i P 4ner,  Aner, dnex (Ql QZ)
9
= 910 (6+4)x10° = 9x10%v | 1
0.10
. Q, 9x10° %
Potential at P, Vp = ——(Q, + = 6+4)x10° = 18 x 10
p 41'[6T'(Q1 Qz) 005 ( ) 1
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Work done = Charge moved x potential difference ~

= Q(Vc—Ve) 1

= 4x10%18-9)x10° = -3.6J ~
The negative sign implies that the charge instead does work in moving from P to-€~ 1
1

Total = 20
9. (@) | (i) The potential difference between two points is the work done in moving one

coulomb of positive charge from one of the points to the other. T 1

(i) The volt is the p.d. between two points in a circuit in which 1 J of electrical
energy is converted when 1 C passes from point to the other. ~ 1

ly

< Vag >

R
A source has internal resistance, r, and when the source is giving \o/ut acurrent I, 1
the terminal p.d, Vas, is given by
Vag = E - Ir, where E is the emf ~ Y
Now, when the current increases, the p.d Ir across the internal resistance % 72
increases. ~ !
Thus, the remainder, which is the terminal p.d, decreases.

© |G 5

Iy
(li+l2) 4Q
\/
2VT 2VI I -3V 1

5Q B 5Q

Loopl: 2I2-4l1+51;, = 3-2

o Ali+Tlh = 1. 1 1
Loop Il: 212+ 3(lt+12) +5(l1 + 12) + 5l =5
8li+15l =5 ...l (2) ~ 1
Eq(L) X 15 6011+ 105l2= 15 ..oovvveeveeeeenns 3)
EQ2)X7: 5611+ 10512= 35 ..oevvvvinrreann. (4)

Eq(4) - Eq(3): 11613 = 20
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lh = & = 0172 A ~
116 1
(i) Vag = 2-411 1
=2-(4x0.172) =2-0688 =131V ~ 1
X
(d) !
A .
A £ X B 1
E_T Ks _ .
5 F>-
R K ly R
] L
— v —> —v—
A circuit is connected as shown, with R a standard resistance ~— Yo
- With switch K open a balance length, Ig, is found for the emfEX Ya
- Then K is closed and another balance length, I, for the terminal p.d, V, is
found. In this case a circuit like the one in the inset on the right is Eﬁﬁpleted. Ya
Let r = internal resistance of the cell
V = p.d. across R
E = emf of the cell
Then E = R+T X N
Vi )
But 5 = II—E X 1
I R+ X I 1%
£ = = r=R|=-1 2
[ R ( | j T 1
(e) | Letk =p.d. per cm along the potentiometer wire
and E =emf of cell C
Then, 2+E = 80k ....... (1) ~ 1
and 2-E = 16k ........ ) ~ 1
2+E 80
From (1) and (2 = —
(and @ = = — .
2+E = 10-5E
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=133V ~

m
11
o |

Total = 20

10 (i) The dielectric constant is the ratio of the capacitance with the dielectric in
@ between the plates to the capacitance when the space between the plates4s~ 1
vacuum.

(i) Suppose that at a certain instant during charging when the p.d between the
plates is V, the charging current is | and the charge on either plate is Q.~— 1

Q Q

»-
»

>
\Y

Then the rate at which work is being done to charge the capacitor is the
electrical power,

P=IV=I% ~

d
Now, the current, I = d—? (rate of flow of charge to the capacitor plates)

P = gd_Q ~
C dt
The total work done in accumulating the charge from zero to a quantity, say Qo,

IS

Qo QdQ P QdQ Q3 ~
W= | Pdt = ——dt = — = —
,f o Cdt 0 C 2C
Now, Q. = CV

W = %CV? = energy stored in the capacitor ~

ALTERNATIVELY
Imagine a capacitor of capacitance C charged to a p.d V. Suppose that now 1

the charge on its plates is to be increased from Q to Q + 8Q, where 8Q is small./

Then a charge 6Q must be transferred from the negative plate to the positive

plate. This would increase the p.d by &V.

Since 8Q is small, it follows that 3V is also small compared to V. A

Hence the p.d V may be regarded as constant. Nl

DOWNLOAD MORE RESOURCES LIKE THISON ECOLEBOOKS.COM



https://ecolebooks.com/
https://ecolebooks.com/
https://ecolebooks.com/
https://ecolebooks.com

Ecolebooks.com

@EcoleBooks

Then the work done in transferring the charge 8Q is
SW = V.8Q (from the definition of p.d). ButV = Q/V = %
3W = QdQ X
C
Therefore the total work done in raising the charge of the capacitor from zero to,

say Qo is

fdwzfoQoQ'T(ng—(‘z’: T

This is the energy stored by a capacitor of capacitance C carrying a charge Qo.
Alternatively, Qo = CV, where V is the p.d across the capacitor

W = %CV? =energy stored in the capacitor ~

(b)

______________

FFF++F F

When a p.d is applied between the plates, the molecules of the dielectric get
polarised, with their positive ends facing the negative plate,\agg their negative
ends facing the positive plate.

Charge inside the material cancel each other’s influence but the surfaces
adjacent to the plates develop charge opposite to that on the'riear plate.

This arrangement reduces the positive potential of the positive plate and does the
same on the negative potential of the negative plate.

So the potential difference between the plates is lowered. ~-

Electrons are then drawn from the positive plate and get deposited on the
negative one to restore the potential difference to that of the>stapply.

This way the dielectric assists the plates to store charge.  ~-X

Yo

Yo

Yo
Yo

Yo
Yo

(©)

- A capacitor of known capacitance, Co , is charged to a p.d, Vo, and then
discharged through the ballistic galvanometer and the throw;®, , is noted.
Then the charge, Qo = CoVo = ko ........ (1) X

Yo
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- The capacitor under test is then charged to a p.d. V and then discharged
through the ballistic galvanometer. ~ 1
- The throw, say 6, is noted X Yo
Let C = capacitance of the capacitor under test
Then CV =kb ....... () X Ya
X

F and(2) C = =22
rom (1) and (2) v

Yo

(d) | (i) The total charge remains the same
Let V = common p.d. after connection

Then (C1+CoV = CiV1 - 1
V,
v Vi 9XSZ o ggy - .
C,+C, 5+8
(ii) Energy before = 1C1Vi2 = 1x5x10%x522 = 6.76 x 103 1
Energy after = 1(Cy+ C2)V? - .
= 1(5+8)x10°x20% = 26x10%)  ~— 1

(i) The difference is dissipated as heat in the connecting wires as the charge
flows to redistribute itself among the capacitors. ~ 1

Total = 20
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