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INSTRUCTIONS TO CANDIDATES:

Attefnpt only EIVE questions from the four sectibns A, B, CandD.
Answer at least one question from each section but not more than one

question should be attempted from either section A or section B.
Silent Non - programmable electronic scientific calculators may be

used.

Where necessary assume the following constants: §

Acceleration due gravity, g : = 9.81ms-2
Speed of light in vacuum, ¢ = 3.0x108ms-1
Speed of sound in air = 330ms-1
Electronic charge, e = 1.60x10-1°C
Electronic mass, me w 9.11x10-31kg
Permittivity of free space, € = 885x10-12Fm-1
1
= IF-1
The Constant, 4re, 9.0x10°F-1m
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SECTION A

(a) (i) Statethelaws of reflection of light (02 marks)
(i)  Distinguish between the nature of images formed by convex mirrors and
those by concave mirror. (02 marks)

(b) (i) Drawaray diagram showing the action of a concave mirror as a shaving

mirror. ~= =" (02 marks)
(i)  Briefly state what you would do in order to increase the magnification of
the image formed by the mirror in (i) above. (01 mark)
(¢ () Define the term refractive index of a liquid. (01 mark)
(i) Describe how the refractive index of a liquid can be determined using a
concave mirror. (05 marks)

(d) Monochromatic light is incident from air into a spherical water drop of radius
0.5 cm at an angle of 60° with point O being the center of the sphere as shown

in figure 1

If the refractive index of the water drop is 1.34, determine the length AB of the

path of the light ray in the water drop. (04 marks)

(e) Explain why the surface of a tarmac road may appear watery on a dry and
Sunny day. (03 marks)
(a) (i) Whatis meantby term myopia? ' (02 marks)
(i) Draw aray diagram to show how myopia can be corrected in a human
eye. (02 marks)

(b) () Describe with the aid of a ray diagram how a Galilean Telescope in
normal adjustment, works, (05 marks)

(i) A convexlens L, and a concave lens L, are arranged coaxially, with Ly
being in front of L. Ly has a focal length of 100 cm while L, has a focal
length of 5 cm. An object Jocated in front of L, at infinity forms a ﬁnal
image at infinity after refraction by L. Determine the length of the
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instrument formed by the lens system and the magnifying power of the
instrument (04 marks)

(c) Explain why it is possible to form a white image free from colored edger using a
 thick convex lens of a shorter focal Jength. (03 marks)

(d) Two convex lenses P and Q are arranged coaxially some distance apart. A real
object of height 5.0 cm is placed 15,0 ¢cm Infront of lens P of focal length
10.0 cm. If lens Q has a focal length of 20.0 cm, determine the separation
between the lenses that would produce a final real image of the same size as

the original object. (04 marks)
SECTION B il
(@ (@) Distinguish between Stationary waves and progressive waves.
(03 marks)

: (ﬁ) *0 Explain why the amplitude of a«progregsxvexane,decmases as the waves) .2
1 £0 advances away from itssaurcelo 2oitei19151802 997147 9351402 marks)

) ‘A ﬁfo’g’fe’s‘Sive wave travelling in the x #-diréction is Fépresentedby;theT  (d)

equatlon, y"— asm 27t(ft+ )m dpagl nii s ,U i309qgest AD.OR L-rr A2.S
i i m2 0.8 bas mo (.01

() State direction, of travel of the SR ‘ Y“o1Mmark)

(ii) Write down the equatlon of the wave that produces a stationary wave

with the given wave, (01 mark)
(iii) Derive an expressmn for the resultant statlonary wave and state its

amplitude of v1bratlon ; (04 marks)

(c) ()  Definethe terms harmomcs and overtones as applied to waves.
O ro13ubinos i 1 55t 915]u(02marks)

(ii) A metal wire of length O 5 mfhavmg amass of.4:5-mg is held .gnderﬂ )
' tension of 16 N between two fixed points and plucked:to sét itinto
vibration at its third harmonic, The wire resonates W1th a plpe of length
0.06 m soundmg atits ﬁrst overtone Determme the end correctlon of
the pipe. o (03 marks)

(d) (i) WhatisDoppler effect? (01 mark)
(ii) Describe briefly how the knowledge of Doppler effect can be used to

3139001 Y0 927101 191 5361l

measure the speed of a car on a highway. (03 marks)
(@) (i) Distinguish between Unpolarized light and Plane polarized light.
(03 marks)
(i) Why is it not possible to polarize sound waves? (01 mark)
(b) (i) Describe how you would obtain plane polarized light by the method of
reflection. (05 marks)
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Sunlight is reflected off a glass window of refractive index 1.52. What

ii :
= should the elevation of the sun to the glass pane surface be, if the
reflected light is to be completely plane polarized? (03 marks)
(c) () Whatis meantby the term interference of waves? (02 marks)
(i) InYoung's double slit experiment, two slits are separated by a distance

of 0.5 mm while the screen and the plane of the slits are 1.1 m apart.

If the light used in the experiment is of wavelength 5.8 x 10-7m.
Calculate the distance of separation between the second and the sixth

bright fringes of the interference pattern produced. (04 marks)
(d)  Give two uses of interference of light waves. (02 marks)
SECTION C
5 (a) (i) Define the term magnetic field. (01 mark)
(i)  State three characteristics of magnetic field lines. (03 marks)

(b)  Three conductors W, X and Y each of length 0.500 m carry currents of 5.0 A,
2.5 A and 10.0A respectively in the directions indicated on the diagram and are
separated by 10.0 cm and 8.0 cm in free space as shown in figure 3.

w X Y
10.0 cm 8.0 cm
50A 25A 100 A

Fig. 2
(i) Calculate the net force per metre on conductor Q. (04 marks)
(i) Determine the resultant magnetic flux density mid - way between
conductors P and Q. ' (04 marks)

(c) (i_) Write down the expression for the magnetic flux density at the centre of a
plane circular coil, of radius R with N turns of the wire each carrying a

current, I in free space. (01 mark)

(ii) A plane circular coil, of radius 5.0 cm carrying a current of 0.80 A in free
space, produces a magnetic field of flux density 1.257 x 10-3T at its centre
when the coil is placed in free space. Determine the number of turns of the
coil. (03 marks)

(d) Describe how a moving coil galvanometer of full-scale deflection 5 mA and having

a coil of resistance 2 Q can be converted into a voltmeter capable of measuring a

maximum voltage of 3 volts. (04 marks)
(a) (i) Define the term electromagnetic induction? (01 mark)
........... reverrrnens O 2024 Jinja Joint Examinations Board  Turn Over "
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(ii) State the laws of electromagnetic jnduction. (02 marks)
(b) (i) Derive an expression for the e.m.f, induced in a rectangular coil of N turns,
area A being rotated across a unjform magnetic field of flux density, B, atan
angular speed w. (04 marks)
(ii) A rectangular coil of 50 turns has a length of 50.0 cmand a width of 30.0 cm.
The coil is rotated about an axis parallel to its longer side and at right angles
to a uniform magnetic field of flux density 0.04 T. Determine the peak value
of the e.m.f. generated in the coil, (03 marks)

() (i) Whatare eddy currents? (01 mark)
(ii) Describe an experiment to show the damping effect of eddy currents.
(04 marks)
(d) (i) State four sources of energy losses in an a.c. transformer. (02 marks)
(ii) A transformer connected to a 25 V supply has an output of 220 V. If the
‘ transformer is 80% efficient, calculate the input current if its output
terminals are connected to a device rated 220V, 75W. (03 marks)

7. (a) Define the following terms as applied to an alternating current circuit.
(i) Reactance. ' (01 mark)
(ii) impedance. (01 mark)

(b) Analternating current source is connected across a pure inductor and two electric
bulbs B and Bz of the same power rating as shown in figure 3.

A.c. supply K
Fig.3

Explain what is observed when;
(i) switch Kis closed. (02 marks)
(i) abunch of soft iron rods are inserted into the coil and the switch K is closed.
(03 marks)
(c) With the aid of a diagram describe how a thermocouple meter works.
(05 marks)
(d) Show that when an alternating voltage V = V, sin 2rft is applied across a

capacitor of capacitance, C, the current, |, flowing in the circuit leads voltage by
T .
5 radians. } (03 marks)

© 2”24 .’inia Joint EYnm"u néfavan T a mad Turn f‘""‘
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(d) Analternating voltage of root mean square valye 20 V and frequency 50 Hz is
applied across a 100 pF capacitor.

Calculate the;
(i) Capacitive reactance of the circuit. (02 marks)
(i) Rootmean square value of the current flowing in the circuit. (03 marks)
SECTIOND
(@) Whatis meant by;
(i) work function of a material? (01 mark)
(i) aneutral material? (01 mark)
(b) Describe an experiment to establish the type of charge carried by a body using
.agold Jeaf electroscope. . L | (06 marks)
oW Deﬁnéjthe term electnc field mtenszty 08 ai /(01 mark)

(i) Two-point charges, ‘each of2'5.0'14¢ lie along the x Yaxis at'points A and
G separated by a distance of 6.0 cm. Pomt B is mid - way between A and
C. while point Dis4.0 cm directly above pomt B. Determine the sign and
size of charge that has to be placed at B, so that the resultant electric
field intensity at point D is zero. (05 marks)

(d) Useagraphical method to show that the energy stored in a capacitor of
capacitance, C, connected across a battery of e.m.f. V is given by, the expression,

E ==CV? , (04 marks)
(e) Give two applications of sharp pointed charged conductors. (02 marks)
(@) (@)  Define the term capacitance of a capacitor. (01 mark)

- (ii) Derive an expression for the effective capacitance, C-of two capacitors of

capacitances C; and Cz respectively connected to a d.c source of em.f.
(04 marks)

(b) The circuit in figure 4 shows a network of three capacitors C4, C2 and Cs of
capacitances 3 uF, 6 uF, and 12 uF respectively all connected to a 12 V battery.
Via switches, Ki, Kz and K3 and a ballistic galvanometer of sensitivity 5 pC per

radian.

s H[—o
@ C; :F ==.C =0
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Determine the;
() Charge stored in the system when switch K alone is closed while the

other two switches Kz and K; are open. (03 marks)
(i) Energy stored in the system when Ki is closed for a short while then
opened after which Kz is closed, (03 marks)

(iii) “Maximum deflection, on the ballistic galvanometer after a sequence of
actions on the switches. First K; is closed then opened, next K: is closed
then opened and finally K3 is closed while Kz is open. (03 marks)

() (i) Whatis adielectric material with respect to a capacitor? (01 mark)
(i)  State two qualities of a good dielectric material. (02 marks)

(d) Anisolated positively charged metal sphere of radius 10.0 cm placed in free
space has a surface charge density of 3.98 x 10-*C m-2. Determine the electric

potential on the surface of the sphere. (03 marks)
10. (a) (i) Define the term temperature coefficient of resistance of a material and
state its unit. (02 marks)
(i) Explain why copper has a positive temperature coefficient of resistance.
| (03 marks)
(b) (@)  With theaid of a diagram, derive the balance condition of a metre bridge
using well defined symbols. (04 marks)
(ii) Explain why standard resistors are made of special alloys such as
constantan, nichrome and manganin. (02 marks)

() (i) Describe the principle of operation of a slide wire potentiometer.
(03 marks)
(ii)  Give two possible reasons why a slide wire potentiometer may fail to
produce a balance point, even though the circuit is completed and has no
loose connections. (02 marks)

(d) Figure 6, shows a circular loop of Nichrome wire of resistivity 1.50 x 10-6 Qm.
The loop is made of two semi - circular parts each of length 0.500 m, and are
- both connected across a p.d of 1.50 V. The upper section X of the loop has a
cross sectional area of 2.0 x 10-6 m2 while the lower section Y of the loop has a
cross sectional area of 1.5 x 10-6 mZ,

X
I I
P
1.50V Fig.5
Determine the size of the current, I fed into the loop at P and leaving the loop at
point Q. (04 marks)
=END=
© 2024 Jinja Joint Examinations Board . End
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JJEB MOCK EXAMS JULY/AUGUST 2024 l/
Full mark

P510/2 PHYSICS MARKING GUIDE
SECTION A

l/] Half mark

e

1. (@) (i)  Theangleofincidence is equal to the angle of reflection. /

The incident ray, the norxyl“md the reflected ray at the point of incidence,

all lie in the same plane.

[02]

(ii) Images formed by convex mirrors Images formed by concave

mirrors

- They are virtual for all real
objects.

They are real except when object
is between principal focus F and
the pole P

- They are upright or erect.

They are inverted except when
object is between F and P

NN

- They are diminished for all
positions of the object.

The size depends on the position
of the object.

Any two @ Correct pair 1 mark.

b)) @) A concave mirror as a shaving mirror

. ~/
Concave mirronV_ -~

-

7\ 1M

~~
7}

e

hy

Le T

N

I
|
I
I
|
1
I

[02]

- Objectb'tnFand P

- Rays from O through
C and F after
reflection.

- Vitual image behind
the mirror.

- Correct mirror
symbol and drawing.

[02]

(i)  Placingthe object much closer to the principal focus but still between

Principal focus F and the pole P.

[01]

() ()  Refraction index - isthe ratio of the speed oflightin a vacuum to the

speed of light in a liquid.

or  The ratio of the sine of the angle of incidence, to the sine of the angle of
refraction of light as it moves from a vacuum to the liquid. [01]

(i)  Aconcave mirror M‘i}‘)laced on a flat horizontal surface with its reflecting

surface facing up.

An optical pin O is then clamped horizontally directly above the mirror with
its tip lying along the principal axis of the mirror.

Pin O is moved slowly up and down until it coincides with its own image, I by

no parallax. /‘

£
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(d)

(e)

. (@)

e e —
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Observer’s
Bre | S

.
lamp
; . I1'0 Cqrk A
mage pr 2N L]
14 ‘—h =E:\3=
ptical Flazt vennn B

pin

R

Concave

mirro
N |

Distance, R from point O of no parallax up to the mirror surface is measured
using a metre rule and recorded down.

A small quantity of the liquid under test is then poured into the mirror. v
The optical pin, O is again moved up and down until it coincides with its
image I by no parallax at a new position, of the pin./

A new distance, h, from the table up to the point of coincidence between O
and its image is noted.

The refractive index, n, of the small quantity of the liquid, is then calculated

_ _ R
from the expression, n = — / [05]

OAB is an isosceles triangle

0A=0B=0.5cm

OM is normal to AB

AM=MB = A0 cos 0

But sin 60°=1.34sin 6

Thus, 6 =40.3° v

AM = MB = 0.5 cos 40.3%/
AM=0.38cm

Hence, AB = 0.76 cm /

‘

[04]
On a hot and sunny day, the Layers of air, near the road surface are hotter

than the layers higher up in the sky.
Light rays from the sky are thus gradually and continuously refracted away from the/

normal as they pass from denser airto less dense air until at some point the light

gets totally internally reflected. ‘
An observer on earth, receiving the totally intprnally reflected sees a reflection of

the sky on the ground appearing silvery. '[03]

(i) Myopia - is a defect in a human eye that causes the images of distant objects /
to be formed in front of the retina. i.e. images of distant objects are blurred /

but the eye is able to see nearby objects distinctly with a clear vision. [02]

(i)  The defect is corrected by the use of a concave lens.
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The retina
Parallel Rays fromd /
distant object at : f
infinity (Far point) ! ’
e — Image formed
_____ op=S--ir- "\ === at the retina
>— ; 1
— |
Virtual objcct‘l'— v ‘
Corrective el
concave lens Optic nerve

The corrective diverging lens acts in such a way that the rays incident onto the
concave lens are refracted in such a way that they appear to originate from the near
point of the normal eye, so that the final image is formed at the retina. [02]

(b) () The structure of a Galilean Telescope in normal adjustment.

rEye-piece lens

— f—

Objective
lens

Parallel rays from a distant glject at infinity incident onto an objective lens of focal
length fo are refracted by the lens and forms a real inverted and diminished image
intermediate image, I1 at the focal plane of the objective lens, Lo. v

The eyepiece lens, Le arranged coaxially with the objective lens, is then adjusted so
that the intermediate image by the objective also lies in the focal plane of the /
eyepiece lens, but behind the lens. This implies the principal foci of the objective and

eyepiece lenses coincide. /

The image I1 now acts as a virtual object to the eyepiece lens that then forms a final
virtual but upright image at infinity. l/ [05]

A A ‘/
(ii) The length of the telescope, = (f; +£;) = (100 + 5) = (100 + 5) = 10 cm[02]

The angular magnication of the telescope, M = ;_1‘/; ITOO/ — 20 /
2

rnmni
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c Wh
(c) y a thick convex leng May survive ¢ romatic aberration?

Virtual

\
I &
lmageswth\l : f* Thick Convex lens
tipsonone | i | f\};\‘\\k/‘ of short focal
straightline, | 1 | | | px length
PQ. (I Y (i
(NI R
|

A spectrum of Overlapping
coloured j Images

Dispersion of white light occurs on the surface of a simple thick convex glass lens
resulting into formation of coloreq images. \/‘

However, when the eye is placed very close to the lens, all the tips of these images
lie along one straight line, PQ and they subtend the same visual angle, § at the
aided eye.

The images then, overlap and get superimposed on each other, resulting into
uniform white illumination, and hence the lens forms a white image instead of
several colored images and is said to be free from chromatic aberration./ [03]

(d)  Sketch

- X L Vo -
; ; 1 1
Using action oflens 1: —+—=— = P S
Uy %1 fl 141 f1 Uuy

. 1 1 1
l.e. —=——— =, =2130. \/
vy 100 150 : 0cm

e 30 v '
But magnification,m = (m; X m,) = (_ _2) - —
gnif 1 2 15Xu2 1=>u, 2172/

: . 1,1 _1
Using actionoflens 2: —+=—=== L 41 _ 1
uz ”2 fz zvz vz 20

3 1
2o =2 = V2 =300cmand = u; = 2, = 60,0 cm

~ The lens separation, x = (v, + Uy) = (30.0 + 60.0) = 90.0 cm!/
[04]
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SECTIONB
3.(a) (i) Distinguishing between progressive and stationary waves:
Progressive waves Stationary waves
- Energy is transferred from - Energy islocalized and not L/
one point to another. transferred from one point to
another. /
- The wave profile advances - The wave profile is stationary i.e.
with time does not move from one location to /
another.
- The distance between two - Thedistance between two
successive crests or successive nodes or anti-nodes is
troughs is equal to one equal to one half wave length.
wave-length,
- All the particles in the wave - Particles within the wave profile
profile have a constant have varying amplitudes of
amplitude. oscillations between any two
successive nodes.
- Within one cycle all - Within one loop (between 2
particles oscillating are out successive nodes) all the oscillating
of phase with each other particles are in phase but with
but each attains the same different amplitudes.
amplitude of the wave. )
Any three Correct pairs @ 1 mark. [03]

(i)  All waves transmit energy from their source to whatever eventually absorbs them.
- Thus, as the wave progresses, some energy is lost to the transmitting medium. /
- Also, as a circular wave spreads out from the source, the same original energy is
spread out over a wider area, so each of the very many vibrating wave particles S
along a given wave front gets only a small share of this energy.
- Theintensity therefore reduces with increase in distance, d, given by the inverse

square law. I <><d—12 but I < (amplitude)?but (amplitude)? océ = (a) oc% A

- Thus,amplitude « % amplitude is inversely proportional to the distance. /
[02]

- Therefore, amplitude reduces as the distance from the source increases.

(b) (i) Aprogressivewavey = asin2m (ft + %) is travelling in the .
negative x - direction or form Right to Left. [01]
(ii) y' =asin2m ( ft— E)‘ﬁuperimposed ony produces a stationary wave.

[01]
(A+B) (A-B)
2 05 ]

(i) y =y + y"/‘Using identity,sinA +sinB = 2 [sin
y =asin27r(ft+§-) 3 asinZn'(ft—-;f) ‘/‘
y=2a {Sin [Zn(ft *3 2n{se- %)] cos [Zn(ﬂ e i)_ ZH(ft_ %‘)J} \/

2 2
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y = 2a sin E(ZL]"Q Z(ZH g)l/‘
y = 2a sin 21tft cos 27;" N
y = 2a c057—51n2nft Wi

Amplitude, 4 = 2a cos 2 v [04]
(c) Harmonics

These are integral multiples of the fundamental frequency note, that include the
fundamental frequency note itself, i, e, nf, where,n = 1,2, 3, /

Overtones:
These are higher frequency multiples of the fundamental frequency note, that are
produced by a given musical instrument in its allowed modes. [02]

(d)  Lengthof wire, L = 0.5 m, Tension, T = 16 N mass of wire, m = 4.5 x 10-¢kg
For closed pipe on one side, Lt= 0.06 m its fundamental frequency, fo is given by

ALTERNATIVE 1 (Closed pipe at one end)

= . . 3v
s TR First overtone, f; = e /

Third harmonic of a wire, f3 = % T ’41::1(:)56 = 4000 Hz \/

.. At resonance between the pipe and the wire, f1 = f3

3w _ 3 [T 3x330 _ 4000/

= —
4(L+e) 2L u 4(0.06+ e)

.. End correction,of closed pipe, e = 1.875 X 103 m !/
ALTERNATIVE 2 (Open pipe at both ends

v v
o= e = First overtone, f1 = (_le_e) 2f /

; ; 3 16
Third harmonic of a wire, f3 = sid 1 T A ’45:1(:)56 4000 Hz /

- At resonance between the pipe and the wire,f = f;

v 3 T 330
=50 - 0N a1 = ve+2e) 4000 /

~ End correction,of closed pipe, e =1.125 X 102 m \/ [03]

(e) (i) Doppler effect - is the apparent change of frequency of the waves received '
by the observer dug to relative motion between the source of the waves and
the observer. / [01]

CamScanner


https://v3.camscanner.com/user/download

_ Physics Paper 2 P510/2JJEB Marking Guide 2024 - Page -7-

(i) A police traffic officer stands at some strategic position holding a speed gun
and points the speed gun onto an approaching car and switches it on.

The radar waves are sent out of the gunto intercept the approaching car,
which then reflects back these radar waves to the speed gun.

The sent out signal and the received reflected signal superimpose in the gun

and produce beats whose beat frequency in the sqiced g, i B sterpaiote /
The computer inside the speed gun quickly computes the speed of the car and
displays it on the screen.

The police officer then takes the next action depending on the speed of the
motorist displayed on the speed trap. E.g. Fining the culprit, taking
him/her to courts of law or warn the driver and let go free. [03]

(i)  UnPolarized light - is light whose electric vector vibrates in all planes

4. (a
= perpendicular to the direction of propagation of the light
while
Plane polarized light - is light whose electric vector vibrates in only one
plane perpendicular to the direction of propagation of the light. [03]

(i)  Sound waves - longitudinal waves whose direction of propagation i along
the direction of travel of the waves, so they cannot be polarized. [01]

(b) (i) Producing Polarized Light by method of Reflection.

A narrow beam of un-polarized light is made ingident onto the transparent
optical medium e.g. rectangular glass slab.

The reflected light is observed through a Polaroid P, placed perpendicular to
the direction of propagation of the reflected light.

E
Unpolarized Sheet of
light Analizer
polaroid

The angle of incidence, i, is gradually varied i.e. increased and at each angle
of incidence, the analyzer Polaroid P is rotated about the axis along which the

lightis incident onit.

At one angle of incidence called the Polarizing angle ip, the light gets cut off
from the observer at other angles of rotatiop as the Polaroid is rotated except
at only two positions of the Polaroid P.

Thisimplies the reflected light js now is said to be completely plane

polarized. / [05]
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(c)

(d)

(ii)

(ii)

————
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Usi | = 12 . -1 ("
ng, tani, = L or iy = y4 1(.i)./

ok 1.52) '

—_—

~ iy = tan W

o ip = 5§56.7° /

Thus, the angle of elevation 8 of the sun to the window pane,
0 =(90°- i,)

= 6 =33.3°

Interference - is the superposition of two coherent waves giving rise to,

permanent regions of alternating bright and dark bands (fringes).

[03]

Bright bands or fringes (constructive interference) occurs when the path
difference between the wave trains is an integral multiple of the wavelength
i.e.(nA) while dark bands (fringes) occur when the path difference between
the wave trains is an odd multiple of half the wavelength (2n +1) 1/2. ./
[02]

Given that, the n* bright fringe is x,, = np wherea=05mm,D=11m
a

The Sixth bright fringe, x5 = 2
a

The second bright fringe, x, = Z)‘TD

The separation between them, Ax = (xg — X3) = (—6% =2 2—?) = MTD

_ 4x5.8x10'7x1.1/ ‘

= 5.0 x10~*

#Ax = 5104 x103m A [04]
Uses of interference of light:
For checking for the flatness of a glass surface. ./
For measurement of wavelength of a given source of light used.'/ [02]
SECTIONC

Magnetic field - is the region of space where a magnetic force is
experienced by a magnetic dipole or by a small bar magnet. [01]

Magnetiy‘leld lines originate from the north pole and end on thé south
Pole.
They do not cross each other’s paths. -/

Where two fields are equal and opposite a neutral point is obtajned
Where there are many field lines always form closed loops /l |
Magnetic field lines are crowded near the pole of a magnet and spread apart

from each other where the field is weak.
The direction of the magnetic field ata point is given by the tangent to the

field at that point.
The density of the magnetic field lines gives the intensity of the magnetic

field at any point on the space. _
e (03]
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® O Ty Force on Xdueto W, F,, = #0fwlxL
w X g w=Sae v
10.0 em 8.0 cm _ 4mX 1077 X 5.0% 25 % 0.5 A i
Fw by 10.0 A 21 %(0.10)
5.0A '
F, Fw =1.25x 10~5N to the right ,/°
Similarly
polxlyl _ 41X 1077 x 2.5 X 10.0X 0.5 \/
Fy="3ma — 27 %(0.08)

F,=3.125X 105 N to the left of wire X /
The resultant force on wire, Y, Fx = F 5= Fu
= Fy=(3125x 10° — 125X 10‘5)

Fy =1.875x 107> N to theright ofX|/ [04]

(ii) Mid - way between X and Y, the axis is 5.0 cm from X and also Q

1OQCm 8.0 cm =Ilolw=47rx10_7xé{ \K‘s
By 2nd 2m x(0.05) 2.0 x\}‘ TIN
Iy _ 4Amx1077 x 2,
1004 By = ‘:1)1: 7!;; x(o.o>;)2 2= 1.0% 1077, IN

—Holy _4mx 1077 x10.0 _ -5
2nd ~ 2mx(013) 1.54x 107°T, OUT

< The resultant magnetic flux density mid-way b’tn wires,X& Y, B = By + By — B,,
B=(Q20x 1075+ 1.0x 10-5 — 1.54x 1075) ‘/

B=1.46x 10T into the paper v/ [04]
c i — Mo
LR L - [01]
(i)  Using,B = Hont / =1 _3 _ 4mx1077 X080 X N ‘/‘
/L] 257 x 107 = 2 %(0.05)
“N= 1257x 1073x 2 (0.05)
\
4T X 10-7 x 080 /
~ N =125, -
04 turns =~ 125 turns / [03]

d) Ry = 2.0 - : .
MilpEh MA, Full seqle voltage = 3-0V

‘ﬂ_\
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A voltmeter

SmA 1=5mA
e —

From,V = I.(R. + Ry) from which , Ry, is calculated.

o [( Rc] l/ is the value of the Multiplier to be used.

[( ) —2| =5980 “

5.0 % 10“3

~ Ry =5.98 x 102 Q isthe multiplier connected in series with the meter.
[04]
(@) )] Electromagnetic induction - is the production or generation of an induced
e.m.fin a coil, or conductor whenever there is relative change of magnetic
flux linked with it.(i.e. coil, or conductor). [01]
(ii) Laws of electromagnetic induction:
Faraday’s law states that - The magnitude of the e.m.f. induced in a coil or
across the ends of a conductor is directly proportional the rate of change
magnetic flux linkage or to the rate of cutting of the magnetic flux.
Lenz’s law states that - The direction of the induced e.m.f. in a coil or closed
circuit acts in spch a way as to oppose the change of the magnetic flux that
causing it./ [01]
Or It can also be stated as - The direction of the induced e.m.f. is such that
the induced current that it causes to flowin a closed circuit, opposes the
change of flux which is producing it. 1} [01]

(b) () Suppose a rectangular coil ad is initially vertical atatimet=0s
- Plane of fhe Coil
-\ =
,\9‘ A‘&CG kJ—va'
L No g7 B
7 \B B/\ AXiS =~ \/‘
\)9
o) </// /

Normal

/\

>~
—

Initially at t = 0 s the plane of the coil is Normal to the magnetic field.

Magnetic flux linking the plane of the coil normally after a time t,

® =BANcos® /" where§ = wt /"

E.mf. induced in the coil because of its rotation,
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__ d(BANcos#9) bt d (cos wt)
Bes = dt ‘/ = —NAB dt

~ E = NABw sin wt ;/
~ E = Egsin wt where Eg = NABw is the Maximum value |/
of the e.m. f.induced in the rotating coil. [04]

Peak value of em.f.
Eq = NABw where,N = 5(; turns,A = 0.5x 0.30 = O.ié‘nz,B =0.04T
~Eg=50x0.15x0.04 x au/

E‘o = (0.30 w) volts !./ [03]

Eddy currents - are currents induced in a thick metal conductor placed in a

changing magnetic flux, of associated with a magnetic flux linkage. They fzy

in such a direction as to oppose the change causing them to be generated

The damping effect of eddy currents. [01]
(i) Using a laminated or (ii) Using a solid or

slotted metal block Un - slotted metal block

A slotted metal piece and a non-slotted metal piece respectively, are set into
free‘swinging motion at the same time between the pole pieces of similar
strong permanent magnets after displacing each through the same angle 6.
The metal blocks A and B are displaced either simultaneously or one at a
time, and at the same time the stopwatch or stop clock is started.

The time it takes the respective blocks, t1 and tz to stop swinging are noted
on each of the stopwatches or stop clocks.

It is observed that the time taken, t1, taken by the slotted metal piece, A to
stop is mucl, longer than that of the solid or the un-slotted metal piece, B. i.e.
t1 > ta.
Implying large eddy currents are induced in the solid metal block B, caused a
magnetic force that acts in a direction that opposes potion of the solid metal
block each time and greatly damping its motion.\/u ‘

while the slotted metal block has negligible induced eddy currents loops that .
minimized the damping thus having almost no resistive effect on its motion.
[04]
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(d ()  Energylossesinan a.c. transformer.

Magnetic flux leakage Not ajj the magnetic flux generated in the pnfmar}; ‘r/
reaches the secondary coil hence reducing the efficiency of the trans olrmd_ :
- Hysteresis power loss, Due to continuous magnetic dipole feveiileting
to the generation of heat in the magnetic core. . /
- Eddy current power loss in I2R —gmnechanism leading to heat generationdt
the magnetic core. A
Resistance of the windings of the coil - Leading to heat generation in thez
coils in the I2R - mechanism. [02]

() ¥, =20v,v,=220v, Efficiencyn = 80%, I, =?
Output of the device connected to the secondary, _ :
P=lV=I,= % =0.3414 |/.S‘ince the transformer is 80% ef ficient
Vs =80% pVp /= g, <20s030x70_y 694/ 03]
@ @ Reactance - is the non - resistive opposition offered by a reactive cirguit
containing a capacitor or inductor to the passage of a.c. through it. [01]
(i) Impedance - is the net opposition to the passage of a.c. through a resistor, a
Capacitor or an an inductor or bothy”” - [01]
(b) ()" Whenswitchkis opened, bulb B: will appear dimmer while bulb B2
will be brighter than B; L B,
The back e.m.f. induced in the inductor L,
acts each time in such away as to oppose
the e.m.f of the source, causing induced .
current, to oppose the applied current.l/

A.c. supply K [02]

(ii) When a bunch of iron rods are inserted into the coil, bulb B; becomes /
dimmer while the B; remains brighter than B;. .
The soft iron rods enhance the magnetic flux linkage in the coil and hence
increases the self-inductance, L of the coil hence reactance to a.c. increases
and current through B1 reduces making it become much dimmer than B,

[03]

(©) The thermocouple meter:

P and Q are wires made up of two

different metals joined to gether i Evacuated bulpV”

: : X I
at R so as to form a hot junction a \ Y
. . RP&R 7 Fi i
long wire XY, carrying current I to dissimi%:;i}e{‘ 5 ‘ _ = r:,f::“"cf/‘

be measured.

Current, I being measured is
passed through the fine resistance
wire XY and warms it up.

hot junction with junctions P and Q mg
cold junctions.
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dient is then set up between R, and the other two jun‘cys
A temperature g;?ng a fherma-eleCtr ic e.m.f. to be produced that in turn
pand Q thus cau

hermo-electric current, (the root mean square current, Irms) to flow
rmo- i . _ _

cauSeS:tth emA or the pA connected in series with the set up already

through the

[ nt.
calibrated to measure direct curre | - |
Lrent through the meter causes a deflection, @ which is proportional to

Acu o ‘
the root mean square current (Irms ‘

The therrnocouplf}e{er has high Sensigévig; because of its low inductance
’ [05]

and capacitance.
The instantaneous charge Q, at any time, t, stored in the capacitor plates is given
by,Q = CV,Q = CVysinwt
The instantaneous current,] = rate of change of charge with time

d :
i.e I= %\/‘:' I= E(CVO sinwt) = w(CVo coswt/

I = wCVycoswt = [ =1, coswt \/
Hence, current I = [, sin (wt + lzt-) is leading voltage, V = V, sin wt by g radians

(d)

[03]
(e)  Giventhat, Vg =20V, f = 50 Hz,C = 100pF
€™ 2nfc
Yos " 1 ‘/‘
€ 2rx50x100x10-°
» X, = 31.83 .O.‘/ [02]
i. U i , = -Vﬂ = 1~
(ii) sing, X, T /
=™ 3183
. rms
. _h 20
“Irm—Tn:s=m=0.628Al/ [03]
SECTION D
(@) (@ Workfunction - is the minimum amount of energy required to just remove an
electron from the surface of a material [01]
(ii) A neutral materia] — is one wj ; T i
charges in it. / With equal number of positive and negative b

(b)  Agold leaf EIGCtT_O_SCOPe (G.L.E) is first given one type of charge e.g. the G.L.E. is first
charged say positively either by induction or by contact

Abody under test i now bought Near the metal cap of the charged G.L.E. but notin
contact with it,

ol gence of the leaf, then the body under test is
positively charged (has the same charge as that of the G.L.E)./ '

e

CamScanner



https://v3.camscanner.com/user/download

()

\
Physics Paper 2 p51¢,; JJEB Marking Guide 2024 - Page -14-

If however, there is a collapse or decrease i, the divergence of the gold leaf, or
leaves, then the body under test is either pegatively char ged or is neutral.

The G.L.E. is now discharged by earthing jts metal cap- '

The G.LE. is then charged negatively (i.e. given opposite charge to the charge tht
was initially put on the G.L.E).

The body under test is again brought near the metal cap of a negatively char.ged
gold leaf electroscope and the new divergence on the golfleaf or gold leaves is
noted.

If the divergence of the G.L.E, increases, then the body is concluded to be
negatively charged.

If on the other‘h?(i the gold leaf collapses again, the body, is concluded to be a
neutral body. ' [06]

(i) Electric field intensity - is the force exerted on a +1C charge placed in an
electric field. ,/ [01]

(ii) Triangle ACD is an isosceles triangle, with BD as perpendicular bisector of AC

Es | From Pythagoras theorem,
D AE? = AB? + BE?
ke
N | o ! ‘/ = 25

Thus, BE=5.0 cm
tanf=—=0=t _1( )
n —_—— —— —
a 3 an 3

~ 6 =53, 1°/

Let, Electric field intensity at point, E due to a charge, Qabe E, = —% ‘/‘

4meg rt

-6 9
a B =18 g x)l"o(_“’z‘;’z" 1) = 180 X 7NC™* from E towards 4"
-6 9
&~ Eo= Gl x(?o x)fo(_gz';);m P 1.80 x 10’ NC™ from E towards C ‘/

2B = (Ec cos @) — (E4cos8) = (Eg — Ec) cos @
(1.80 — 1.80) x 107 cos 53.1° = ONC™?
LEy = —(Ey + E¢)sin53.1° = —3.60 X 107 sin53.1° = 2.8g 10’NC-1

X Ex = ()[\(C_1

* By ==2.88 X 10'NC™" and the resultant of Ey & E, = _3 gg x 10'NC™

Thus, for the resultant electric field at point D, to be zero, E,

— @) x(9.0x10%) 7
Ep “ox10-7z — 288x10

~Qp=+5.12 x 10° ¢

so as to create oppogsite E - field to that at D.

[05]

= +2.88 x 10’NC!

|
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i The graphical method. i he plates by 8q
"4 \!ull“\%\ltl;w(ln‘k done by ap.d, V, in increasing charge on the p y

LY Ar

=5 ~—

Q Charge .
SW = element of area (shaded part)

SW = 26q[V + (V + 6v)] N
SW = 28q(2V + 4v)
SW ==~ x 2vsq +=x 8udq
But 6v 8q tends to 0 since they qre very small
~ E.0.4=v5q "
Total area = totq] work done increasing the charge from 0 to Q

W=2pp= ZEQV,\/B:ut Q= CV\/-‘. Energy Stored,FE = §CV XV
2
~ Energy stored F = zi C V? !/ [04)

(i) Applications of sharp pointeq charged conductors
Lightning conductors
- Van De Graff generators !./
- Hamiltop’s electric wind mil,

Any two Correce applications @ 1 mark, [02]
2. (a) (i) Capacitance - isa ratio of the magnitude electric charge on any one of
the plates of the Capacitor tg the p.d. between the plates [01]
(i)  The Same Magnitude of charge, ), is induced on all the plates of the
Capacitors, ﬂ
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The same magnitude of charge, Q, is induced on all

C: C:
the capacitors but the p.d vis the sum of - | l-Q-+QI I |

.individual p.ds, fe— Vy—>ie— Vy;—>
'NetpdV_V1+V2/ 1 !‘/‘
But, V1=—andV2_-—‘/' i:

C2
=>V=—+£ i
C; Cz
- 1
V—Q( = =,Z=(L i) | AP
0 C,+c2 bth :
Hence,l— i+i)=ﬁ
c 1 @ G ¢ C;

Cy ¥ Cz) '/Product of Capacitances [04]

~ Effective capacitance C = ( Swm of Capacitances

Ci+ C2
NB:  Accept the other alternative of capacitors in parallel, since none was
specified in the question.
() (@ In the circuit diagram, when K is closed, the capacitors C1 and Cz are in
series, so they acquire the same charge, Q

Their effective capacitance. Ks T ~NK

NG
r 3.0 X6. O = o o |
L 30+60 ZOuF/ @ C;"L _ch
The Charge stored in the network, : —l— T
Q=CV= (2.0 x107% x 12.0) / =
Q=24 x1075C or 24uc [03]

(i)  Inthe circuit diagram, when K1 is opened and Kz is closed, the capacitors Cz
and Cs are in parallel, so their effective, capacitance, C"" = C, + C3

C" =(6.0+12.0) =18.0 prAut Charge remains that held by C, alone
: 2.4 x1075
Energy stored in the system, E = = / =5 ( xI0 ) ‘/

2¢c! 18.0 X10~6
~ Energy stored,E = 1.60 x 1075 ]/ [03]
(i)  When, Ks s finally glosed, the charge, Q = 2.4 x 10-5 C, remains conserved
Using Q = k6
Q 24x10"5 =
=?9ma.x=k—= 48X106|/
% Omay = 4.8 X 10 ®radians / ‘ [03]

() (i) Adielectric-isan ir:yztor placed to fill a]] the space between the
plates of a capacitor.

A 0
(i) It should not have conductible ‘ch/ages (free electrons) \/ .
It should be easily polarizable.
It should increase the dielectric fi eld strength of a capacitor, [02]

Charge, Q =5.00 x 10‘76/

—
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10.

a) (i G N
i at 0°C per degree Celsius or per kelvin rise in temper ature/

(b)

Physics Paper 2 p510/2 JJEB Marking Guide 2024

ko (5.0x1077)%(9.0x10°%)
Electric Potential = RSO e i
[03]

' 4
.. Electric Potential,V = 4.50 x 10"V ‘/

T.é.R. - is the fractional change in the resistance of a material

: : : i ree rise in
It's the change in resistance of a material per kelvin or deg

or _ _
tempera'i?divided by resistance of the material at zero degre?

Celsius. . A 02]
SI'unit - is per degree Celsius or per kelvin (° C-1or K-1) [

(ii)  Copperis a metal and when all metals are heated, the lattice ions vibrate with
larger amplitudes =

This reduces the mean free path of the conduction electrons. /

This in turn increases the num‘b;‘of collisions between the conduction
electrons and the lattice ions. :

The average speed of the conduction electron is thus reduced and reduces
the number of electrons crossing a section of the conductor per second.l/

The current flowing in the conductor thus reduces and since current is
inversely proportional to the resistance, thus resistance increases.

Hence, increase in temperature of copper, increases its resistance, hence
copper has a positive temperature coefficient of resistance. \)‘; [03]

(i) Let I = current through the uniform resistance slide wire AB.‘/
I2 = current through the resistances R1 and R; when iy =0

k = resistance per cm of the uniform resistance slide wire AB
Un known resistance Standard resistor

e e
A Ll e Lz B
l I J .
K lD;river cell

' ) (Accumulator) _
When switch K is closed ang jockey ] moved along AB until, G shows no,

deflection, the p.d acrosg Ri=p.d across AJ
Ile = Ilk Ll e een e . . (l) ‘/‘

The p.d. across R, = pdacross]B

IZRZ = Ilk Lz (LTI TOR. et e eee wes arene (") /

Eqn. (i) + (ii) R~: = i‘i or/ Ri = 1 js the balance condition. [04]
2 R,

R 100-L,

v
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(i)  Standarg resistors are made of Special alloys such as constantan, nichrome
and mangapip, that are SPecially tailored to achieve high desired electrical
Properties anq Standards ¢ Tesistant devices in metal mixtures that can

attain conditiong such as: -
Intreaseq meltin
High resistivitieg
High tensile Strength

Low temperature cq effi

| o

g point of sy, alloys

cient of resistance /]

»a N 3 @

"¢ from oxidatjop, When exposed to atmosphere, e.t.c. Lo,
Higher Specific gravity or relatiye density. e
High ductility anq high malleability, ; 02]
Such conditijong cannot easily be obtained from a single metal. [

(i) An accumulator acting as the driver cell provides a steady currenf\/‘
through a uniform resistance slide wire for arelatively longer period of
time before running down,
This steady current then, sets Up a constant p.d per unit length (eg. p.d per
¢m or p.d per metre) across the slide wire.
An unknown e.m.f. orp.d, V, is Connected in opposition to the driver cell so as
to supply current in the Opposite direction to that of the driver cell. /
The jockey is tapped on the slide wire until the centre zero galvanometer
shows no deflection, and g balance length L is noted, it means the unknown
.d. equals the p.d set up along the slide wire. _
gencz, the unklrjlown p-dis proportional to the balance lengthi.e.V [, /
- [03]
(ii)  Aslide wire potentiometer may fail to produce a balance point if: -

- The slide wire has no r istance, extremely very high resistance or has 3
very low resistance.!)g

- The unknown e.m.f, or p.d. is connected the Same way round as the driver
cell. i.e. +ve of one cell is connected to the - ve of the other cell.

- Onecell or battery is nearly run down while the one o
may be very new.

- The cell holder terminals are contaminated with pygt and other impurities,

Any two Correct responsesex—c‘ﬂ’t"’we\mm:ecnw @ 1 mark, [02]
_pt '

Using, R, = 2y

X

fthe other source

[l =0.50 ﬁ,Ax =2.0x10"5m?, p =150 x 10~%0m

— 150x107¢ x 0.50
By= 2.0x106

— 150x1076x0.50
Ry s 1.5x10-6

=375 x 1071 Qand Similar]y

=5.00 x 10719

Effective resistance of the loop,R = 0(_)'337755: g':gg =\={2 14
But,p.d across PQ IR=150 > Cu?‘rent I = 150 J

END 0ZTT01A [oq

\
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