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PHYSICS PAPER ONE

— | Renur
 on] ___ Approach I
/_ a i) | During an elastic collision, kinetic energy is conserved but

rvet

during an inelastic collision, kmclltﬂ&y is not_mnscr\/ed
Momentum is the product of mass of a body and its velocity

Impulse is the change is the momentum of a body. [ S
: mv — mu mv — mu Ft
Fo——7, F= ; hencemv—-mu'

e —

——

[f no external force acts on a system of colliding “bodies, thur
total momentum before collision is equal to their total
momentum after collision. -

[f two bodies of masses m; and m; moving with respective
velocities ur and uz collide for a time £ and move with velocities
vrand vz after collision, then from Newton’s 3 law, body1
exerts a force Fr2on body2 and body?2 reacts with force F21
From Newton’s 2" law

F =k (m,v, ;mzuz) and B, = k (myvy —Myuyq)
From 3™ law, F,= - Fa
i (Mmyv, — maly) kK (myv; —myuy)
t B t
m,v, —MyU, = —MyV; + MUy
m,v, + myv; = myu; + My,

¢i) | mgh=2mv?, v=2gh=VZx9BIX3 =7.67ms"!

1 =V2x9.81 x5 =9.90ms! | N
F = mv—mu _ 0.5(7.67+9.90) _ 875 5

t 0.01

Conservative forces are ones for which the work done to move
a body through a closed loop is zero, whereas non-conservatis
forces are ones for which the work done to move a body
through a closed loop is not zero

e.g. Conservative — Gravitational force, magnetic force, electric

force non-conservative — Friction, Viscous toru.

S'mface tension is the force acting normallv pm luwth on | —
one side of a line drawn in the liquid surface.

Radius of the small dmp 0.5% 10 % —_—
Volume of the big drop

t() !

_h,,,."

4 4
_ IRV 0w 3V L 5 _ f
= 1000 x 3 X 3.14 x (0.5 10 ) — 5 X 3.14 x 3
Radius of big drop = [1000 % (0.5 x 107 3)3 |l

. - =5X 1073
Surface area of big drop

m




:=1065§7f§§3?3?ﬁf§35:?Fii§jiizfﬁjqﬁr
Area of small drops = 1000 x 4 x 3.14 % (0.5 x 1()~3)Z
= 3.14x 1073m?2
Change in Area = 3.14 x 10-3 — 3.14 x 104
=2.826x 10 3m?
Energy released = YAA = 2.826 x 1073 x 7.2 104

¥

rpP, + 22mr)y = mr2p,

=2.035x10°)

T

velocity parallel to the axis of flow while,
Turbulent flow is the flow of a fluid in which molecules that
are equidistant from the axis of flow move with different

velocities

 uge Y0/
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4y _ 8y 8y (d, —d;) I
—_ Pl - PO - —_——— =
d  d, dd, |
d,d, |‘
=r= '
2y(d; —d,;)
Streamline flow is the flow of a fluid in which molecules that Il
c i) | are equidistant from the axis of flow move with the same
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——— Reservoir

Coloured liquid

| Tap Narrow jet
Glass tube

_____ =—————f—=" Fine stream of
______ I coloured solution

¢ When the taps are opened at low velocities of flow, a thin
coloured stream of liquid is observed flowing along the
horizontal tube and this indicates streamline flow.

e As the rate of flow of water is increased, a stage 1s attained
when the colouring fills the whole tube and this indicates
turbulent flow

3. ai

Bernoulli’s principle states that the sum of the pressure at any
of an incompressible non-viscous fluid under streamline flow
plus the kinetic energy per unit volume plus the potential
energy per unit volume is constant

K PyA,

L

1 1
B 1 2
PLA VL = PoAdVa 3 A2VapVo® — = Avpv,2 4 AVopgh,

— A Vipghy
But, A,V; = A,V,
Therefore, P, — Pg —-pV 2 _1

2 PV +Pgh
Pit>pVi? + pgh ~Pgh,

—

: : 1 =P, 42
b i) | Coefficient ofwscosuv i1s the langemlal fi)r sz + Pgh,
€€ per u

unit velocity gradient. Units: Ng

1t areq per

——




i) _

W_ . T
o q:l.lds, viscosity depends on intermolecular forces of 1
raction. 1 i
: n. As te.mperjature InCreascs, the intermolecular forces
reduce, hence viscosity reduces.

i) | AVy = A,V o - - ‘\ -
]I

10 X 0.2 = 2.5,

V, = 0.8ms~1
1
Py — Pg = 5 p(0.8% —0.22)

=~x 1000 x (0.82 - 0.22) = 300Pa

l
c i) | Lamina flow is the flow of a fluid in which layers of fluid that |
are equidistant from the axis of flow more with the same N
velocity parallel to the axis of flow.

Turbulent Flow is the flow of a fluid in which layers of the

fluid that are equidistant from the axis of flow move with

different velocities.

B S

ii) | The Filter pump

The filter pump has a narrow section in the middle so that water
from the tap flows faster here.

This causes a drop in pressure near it and air therefore flows in
from the side tube to which the vessel is connected. The air and
water together are expelled through the bottom of the pump.

4. ai) | Limiting friction is the maximum friction that exist between
two surfaces in contact just before relative motion starts

Friction

e
-

Applied force

bi) | F=mgsinb + mg cos 6
= 2000 % 9.81(sin20 + 0.2 cos 20) = 10397.8N
P =FV =103978x 15 =156x10°W

e The resultant force on the body is zero.
e The sum of the clockwise moments about any point is equal
to the sum of the anticlockwise moment about the same

|
e

point

dy)|
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bi)

ii)

ci)

=mg =5x981
Taking moment about P:

F><2.6+5><9.8x1=R1><1.5
26F =5 X9.81(1.5-1)
F =93N

Reaction at the ground g = (9.432
A couple is a pair of equal
body in opposite directions
W=Fxp
D =10x2n =37.68m
W=4x3768= 150.72]
Moment of inertia is the sy
the particles of a rotating bod
distances from the axis of rotation. ' yy-2
I'=1(0.01x0.252) + (0.01 x 0.25%) 4
+(0-01x0-52)
= 6.25 X 103 kgm?
8rev/s = 8 X 2nrads
= kE = ~10? =§x6-25x1o~3x

Yy and the squar

Ryand R, are Norma] Reactjg,
S

—
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i7)

F-\._-—q__i
Mg is the Weight of the Cay ~——— —
my 2 —_—
Fi+F,= e (@)

R+ R, =mg ... (ii)

mV?2h

mvin ra

(if) — (iii), mg —
For safety of the car. Ll >V .= |92

*7a =9 max = [T
Where a, is the distance half way between the tyres and h., is

the height of the centre of gravity above the ground.

= 2R, =m(g -2 |

Racing cars can move faster on banked circular tracks than on
level tracks because there is a larger value of Centripetal force
since it is provided by both the component of friction and the
component of normal reaction.

6. ai

v' Planets describe ellipses about the sun as one focus

v The line joining a planet to the sun sweeps out equal areas in
equal time intervals

v" The square of the period of revolution of the planet round the
sun, is proportional to the cube of their mean distance of

separation.

For any two bodies in the universe, there is a force of attraction
between them which is proportional to the product of their
masses and inversely proportional to the square of their distance

of separation.

Syrface of the earth

--------

[ =1

1)

r2
Effective mass of the Earth = %”(Re - T)B,p
4 (Re— ?')"[)

=29g==0G Xgn (R.—1)?

4
= =G Re - ")P
g=30 (Re —m)p

e — -

L — .
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. T e .
If orbital radius of the Earth is R, then orbita] radius of Mars

G;\n’!m "3 Zn 4’ 2
=mw’R,, butw=—=6m=""_p
R 2 TE' T‘p
P -

an? o2 an? 3 an? D e
Also, GM-:T—";R,H = =R, =7 7(1.53R,)?

m

= Ty = V(1.533T,%) = V1,537 x 3657 —

di)

Parking orbit is the path of a satellite about the Earth, whose
period of revolution is the same as the period of rotation of the
Earth about its axis i.e. 24hours

—_—

Artificial satellites are used for; Navigation, Global
communication, Weather forecast, Study of the universe,
Scientific research

M.E = &Mm butR =6-4x106+3.59 x 107

2R’
=4-23x10"m

6-67X107X5-97x102%x100
= M.E = =4-71x10%
2x4-23x107

Satellite will move to an orbit of smaller radius and its velocity
or Kinetic energy increases.

Specific heat capacity is the amount of heat required to raise
the temperature of a 1kg mass of a substance by IK.
Unit: JKg'K'

Constant
head water tank

y
~Switch g
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e The steady state temperatureg 0
the thermometers T, and T . ; Hf_ld 61‘2 are recorded from
' ST ectively.
e The mhdss M’.Ofth.e liquid collected in time t is recorded
e The rheostat is adjusted for pey, values of current ]’ ‘
voltage V.
e The rate of flow is adjusted so as to have the same steady

temperatures 61 and 6,. The new mass M’ collected in the
same time t 1s recorded.

and

o The specific heat capacity of the liquid;

— _wi'-vnt
(M’ M)(6,-6;)

IV = mc(6,— 6,) +h
= 35%x2=4.07x10"%c(29-25)+h
h = 70 — 6847 = 1.53]s™]

From C = '(v 1I'-vt
(M'=M)(6,—6;)
C =

(35x2-26x2)10 _ 3 o]
(1.07x10~2)(29-25) 4206 x10°JKg"' K

i)

0.035Lv + 4263 = 79,968 + 3360

Ly = 2222 =2259 x 10° JKg'
0.035

8 ai)

e Isobaric - compression or expansion at constant pressure
o Isovolumetric — change in pressure and temperature at
constant volume

. P
[sobaric: Y — Constant  Isovolumetric: = Constant
T

b. i)

A

Pressure

S olame

298 B

14
= 5
7’1:1 :25361{, V, = 2v,P,=1-01X 105Pa
T2 N 200K, V3 = 2V, Py =3.39X 104Pa
= 2 e
Ti — 2639K, V4 = V, Py, =71
T Wl —axa98=s9k




ﬂ 7‘41{}”_1 = T3V3y_1 and P4V4V = PBVBV

Tz T3’ 5
1-01x107 B P; = 3.39 x 10*Pa
596 200

X 20'4 X V0.4

PV 339 % 10% x 21 x V14
by = v y14
4

= 8.95 x 10*Pa

Boyle’s law states that the pressure of a fixed mass of a gas 18
inversely proportional to its volume at constant temperature

mm
scale

Constant
temperature
bath

Dry air

Mercury

%
IIIIIIIIHHHIIIIITTT?IIIII

e Pressure of the dry air, H + h is measured and recorded
e The volume V is obtained from the mm scale

¢ The procedure is repeated by adding more mercury in the
open limb

e A graph of pressure against % is plotted.

: : 1
A straight line shows that P « "

9. a i

— L guma —

<<

Intermolecular forces of attraction are negligible

The volume of the molecules is negligible compared to the
volume of the gas

Molecules are like perfect elastic spheres

The duration of a collision is negligible compared to the time
between collision GO e OPOIS, g, SEHVEE <
Dalton’s law states that the pressure of a mixture of pases that

do not chemically react is equal to the sum of the partial
pressures of the individual gases.

v
v

Pr—"'ﬁ?ﬁ]’:—-—_ -2
3 3y ¢

:>N=—z
2

: _ mc
For a mixture of gases, N = N, + N, + N,

—_—

INm—  3yp — ——
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b. 1)

But at the same temperature, m, ¢2
o 1
mC?*N cz

= P, + P, + P, bug <N

3v 3v

2P =P +P+P;

When the temperature increases, the pressure will increase. This
is because the kinetic energy of the gas molecules increases and
they collide with the walls of the container with a higher
velocity thus a higher rate of change in momentum. Since the
volume is constant, the molecules will move to the walls in a
shorter time and the number of collisions made per second will
also increase hence a high pressure.

=P

3VP WP To————
Sv= (B (2e) (2my T —
14 msc; m‘_icg

= B :
mc; =m C% = Mmc? \

ii)

The atmospheric pressure at the top of a mountain is smaller
than that at the bottom of the mountain. Therefore, water and
the top of the mountain will boil at a lower S.V.P than at the
bottom of the mountain. S.V.P increases with increase in
temperature, this implies that lower S.V.P is attained at a lower
temperature hence water boils at a lower temperature on top of

a mountain than at the bottom. :

Water boils when its S.V.P is equal to the atmospheric pressure.

c. i)

For A

3% 10°x 500 P, X750
283 283

ForB

1x10%x 250 Pg x 750

373 373
Total Pressure = 2.33 X 10°Pa

, P, =2x10°Pa

Py =3 -3 x 10*Pa

10.ai)

acco '
the experiment. I

PV

PV =nRT=>n=—T-—

n="mny + Mg
3 % 105 X 500) (1 x 105 X 250 X 10—6)

(8-31)(283 8-31x 373
233%x107°x 750x%x 107°

831 XT

=T =29 S —

Cooling correction is a small temperature added to the

observed maximum temperaturce during a heat experiment to
unt for the amount of heat lost to the surrounding during




- A
1 eat loss of @
i) | Newton’s Law of Cooling states that the -ratelof hh loss 0
body under forced convection, 1S proportlonal.to the boay
excess temperature above that of the surrounding
— .\
b. i)
r Thermometer
. Sﬁm’rﬁ Thermometer
Steam in " ,
—— Steam chest
4 \:_ — Insulator
A _ /]
% [ e j
N P, Pt egfenfigpsunon .
Steam out Solid N -—>--== Liquid
) e
77777777/
Procedure -
v The mass m,of the solid whose heat is required capacity is

measured and recorded.

v The solid is heated in a stem chest to a temperature 3.

v It is then transferred into a calorimeter of mass m, and
specific heat capacity ¢, containing a liquid of my and
specific heat capacity ¢y, at initial temperature 8.

v The contents of the calorimeter are stirred and continuously
and the observed temperature 8, is recorded.

Heat lost by the solid

= heat gained by liquid + calorimeter
mecs (65 — 8;) = myc (8, — 6,) + mec (6, — 6;)

_ (myc, + mec) (0, — 6,)

Cs =
ms(0; — 6,)
| i) | No heat lost to the surrounding B
c. i) Af _ mx1600x10

me =T = 100m =rate of absorption

Heat absorbed during melting = 100m x 400 —
g ( 160)
L =100 X 240 = 24,000/kg™?
ii) | Let the specific heat capacity of liquid nitropen fa -—————
Heat absorbed; mc X 10 = 100m x (68%e_r_l_ l::,)g)

S = 2000 Jkg=1g—1
d | During the day, the earth W

om the sun and at night -——J

and the earth cools. On adiated is |ost g the

a cloudy njght
reflected back to the earth and 1); ?(i.eg:]st,
warm.

— e -




EHT o—g——@—cz—
[ ° +E“H'T Graphite ;oaling

—

v" The filament heats the cathode to emit electrons by
thermionic emission.

v" The anodes accelerate the electrons and focus them into a
fine beam.

¥' X-plates deflect the electrons horizontally.

v" Y-plates deflect the electrons vertically.

v’ The screen displays the beam formation.
v' The grid controls the number of electrons striking the screen
per second and hence controls the brightness of the spot

formed on the screen.

Vo
—=7.072 - V, = 10001V
V2 O 10

L .
Vo X == 2cm — Y — sensitivity =

Y — sensitivity = 5.0Vem™!

b.i)| Vv, = 3,000V
B =0.6T
m = 6.64 x 10"%kg

1 2 _ |2qv _ (Zx(3.2x10‘19)x3,000)5
qV = Smus,u= \f m 6.64X10~27

= 5.38x 10°ms 1 B
s mu? __mu __ 6.64x10727x538x10°
9 Bqu = —— i Bg  0.6x3.2x10-1°
=1.82x%x10"%m
5
i) | Eg = Bqgu = E = Bu=0.6X5.38x10
1|k 1 =3.23x10°Vecm™! -
/ Y [ J
e. Cathode rays _{yorays | 3 _J| l |
v Carry a negative v Have no charge l ; |

charge - N .
7 Less penctrative v Highly penctrative
v Fast moving electrons v Electromagnetic radiations ‘]

as ons [V blectromagnetl a |

—_———___

|

|
f

";‘u?r' 1501 54
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v' Slower v Faster J
A mole 1s the amount of substance that contains
6.02 X 10?3 elementary units

one mole of singly ionized ions in electrolysis

Faraday constant is the amount of charge required to liberate !
_

Avogadro’s number is the number of particles in one mole

Constant temperature
bath

I ] . ‘ |
I|’| <«———OQil spray !

i ! R_ ||'
iy R A
- d s ¥ 44 X-ray tube _ |
—E s e BW

* Oil is sprayed and fine oil drops fall through a small hole in
plate A.

* Aparticular drop is observed and its terminal velocity V,,
measured by timing its fall through a measured distance

using the microscope. Therefore,

4 4

;m‘3poug = ;rrr3pai,,g +omnrV, ... ... ... (D) f

® Apd is applied across the plates and adjusted unti] the dro |
remains stationary. Therefore, P

4 3 4 3
§7IT Poitd = §T”" Pair9 + Eq ... ...... .. .. (ii)

6 :
Eq = 6mnrV,, = q = ”Z"V“ |

. MV,
from @), q=(z——1°__; |
] . zg(poil - pair) |

e Working with many oil drops, Millikan found .

of charge obtained was an inte : hat each value |
gral mult
and he concluded that the charge of an ell);et()f 1.6 x 10-19¢
i 10—19C Clron was 1-6 % |
. S |
B ' l_-—_-‘—'_‘—-—-.. —_—
SN ]
N |
rng I
S
- T 0 = 3 36
T T (-i JI?‘J) = 31 0



Vi

H__ ——
| Toee = tan 31 60 = Vy = 1 066tan -31 60 U 636(:[}’1_5_1 —
Dolp 6urry o 3000 . B
1= S 0.005 ~ © X 10%m~

__ 6X3.14%x1.816%10 “xlxl()‘“x(l.af;amu 2
— _-_—__———-—___

| g =menn = 3741.x10777¢
.. 4— 3 o ) o
§T(?‘ (poii ~ Pair)9
= 6X3.14x1.816 x 10-5 "X 1x 1075

X 1.066 x 102
4
3% 3.14x (1x 107°)° X 9.81(880 — p,;. ) = 3.647 x 1011
880 — p,;, = 888
Pair= —8kgm™3
d —~13.6
E, = 13.6eV, E, = 3z = ~Ll5lev

E; —E; = —1.51+413.6 = 12.09¢V
hf =12.09x 1.6 x 1071° = 1.9344 x 1018

1.9344x10718
f——"m—“293X1015HZ

13.a |v" For every metal surface, there is a minimum frequency of the
incident radiation below which photoelectric emission wil
not take place.

v" There is no detectable time lag between irradiation of the
metal and emission of electrons.

v" The kinetic energy of emitted electrons ranges from zero to a
definite maximum value which is proportional to the
frequency of the incident radiation.

v" The number of electrons emitted per second (photo current)

is proportional to the intensity of the incident radiation for a
given frequency.

b. Ultra vlolet-——- Zine
radiations —___ g —

C——]
2
L]

Gold leaf electroscope

\ /

e When U.V radiation is incident on the clean zinc plate, the
negatively charged Gl E collapses -
e ‘The collapsing stops when Ultra Violet radiation is blocked. |

I

[ — ) B ) !'u‘.-‘! 15 of 24




|

|» The leaf collapses because the zinc plate emits electrons and

o

negative charge is lost from the GLE
Work function ¢y =~ =4x1.6x 1071
6.6 X 1073% x 3 x 108

=3.094x 10" 7"m

—

’Lj

R

| —

d. i)

A
4 x1.6x10-1
| 1, 1 . hC p
= —_ —_ v _—
f ¢+2mv =>2m )
6.6 X 1073 x 3 x 108

0.2x10-6
=35x%x10"1°

2x3.5x10719 3 05ms~1
9.11x10-31 /7X1

—6.4x1071°

V =

o

Mass defect of the nucleus is the difference between the mass of f
the nucleus and the sum of the masses of its individual nucleons ‘

iii)

/4.ai)

v" Most of the alpha particles went through the gold foil

undeflected because most of the space of an atom is empty

space.

¥" Some alpha particles were deflected through angles less than
90°, implying that the positive charge of the atom was
concentrated at the centre of the atom, in the nucleys

v’ Very few alpha particles were deflected through angles
greater than 90° and did not go through the foil becayse the
nucleus occupies a very smal] volume of the atom and the
mass of the atom is concentrated at the nucleus.

Q1Q0; 1.6x10" 19 79%x 1.6 x 10-19

4meyr -
=5X10°x 1.6 x 10-1%

1.6x10‘19:<79x1.5x10""xgx109
=227 2 X —-14
%ﬂ_ B kbt

5X10°%x1.6x10~19

Energy =

Y =

.Bm.dfng Energy is the minimum, energy releaged when
Individual nucleons combine to form a nucleyg
. — 01N to |




1) A

B. E per
nucleon

I
|
I
I
l
|
|
I
|
|

—

56 Mass number

¢ Binding energy increases sharply with mass number up to
mass number = 20

e The peaks at = 20 represent elements that are more stable
compared to the neighbouring elements

e B.E increases gently after 20 to a maximum value at mass
number =~ 60

e After 60 (mass number) B.E decreases slowly with mass
number oo i

c. | Nuclear ﬁssiqn/islt_he splitting of a large unstable nucleus into

two almost equal fragments that are more stable with release of
energy while Nuclear fusion is the combining of two small
unstable nuclei to form a bigger more stable nucleus with

release of energy.

d. Gas at f?\
 atmospheric 4 VN _~ GO phin i
pressure. ~ |~ (anode)

\‘:_—’/

Metal can - Electrometer

(cathode) E -

Insulator Fed

ters the chamber through the gauze, it
f the gas at atmospheric pressure.
rds the anode and the positive 10ns 10

v" When radiation en
causes jonization O
v Electrons move towa
b Caﬂtl}?:; éet to the respective electrodes, discharge occurs.
:; \ghrigm flows and 18 detected by the electrometer
u ‘

-

I o 7]




Ha(f':ﬁfe is the time taken for half the number of atonﬁgfnuclei)

in a radioactive sample to decay
Decay constant is the ratio of number of nuclei disintegrating
per second to the number of active nuclei in the sample. Jr‘"-

2
Ny = ==X 6.02 % 1023 = 5 - 42 x 10%1atoms

222

Spherical Area on which radiation falls = 4 x 3 - 14 x 20?
= 5024cm?
Ay 85 4 =4
5024 10 0 ‘422704&7 | F
_ _ 42704 _ 18 |

Ag llivo = A sazeion = L-87x10

n

—n2 _o. 16
t1 3 8-8x 10%%s

2 ] J




Approach

- PHYSICS p4p
o ER TWO
- " \\‘ o ——
I{a)(1)

|

(i)

Chromatic aberration is a defe

constituent colours of white li

t arc brought at diff foci ;
of one foc - gh ) \ erent foci instead
focus leading to the production of coloured images. This is so

E’i‘;ius; :lfgeg\f/:pt colours have Flifferent refractive indices with the red
- OCIng deviated least and violet the most.

Chljomatlc aberration is corrected by placing a suitable diverging lens
besides a converging lens to form a combination called achromatic
doublet. This recombines the colours of white light after refraction
through the lens combination as illustrated in the diagram below:

Beam of -
white light /

(b) (i)

Refractive index of a material is the ratio of sine of angle of incidence
to the sine of the angle of refraction for a ray of light travelling from a
vacuumny/air to a material.

OR it is the ratio of speed of light in air (vacuum) to speed of light in a
material.

(if)

Consider a monochromatic ray of light incident on a glass block of
refractive index, # at an angle of incidence, i. On striking the glass
block, it undergoes refraction through an angle, r as shown in the
figure below I

|
il

Y

e ot L
J_Considerjjgf_gi@_._,__——«—--—a—_—— S I

- Pagc"-lﬂ of 54

LI - Remarks
ctin lenses which occurs when the - "




!
cosr=_—
D
!
OB=———~~~—~ (i)
COosr
Consider triangle OBC
) d
Sine = ——
B
d
OB=—————— (i7)
SiIn@
Considering (i)and (ii)
tsing
d = — *
Cosr ( )
At point O

I=r+a=>Q=i—-r

sing = sin(:'—r): SINZCOS F — COSISINF —— — — — — — (ii)
But sin’ r+cos? r = |

=cosr =1-sin?y ————__ (iv)
Substitute(iii) and (iv) in ( *)

d - t(sinicos F —cosisinr)

Viosin?r )

Also, applying snell’s law ar O

n,sini = nsinr

sini )’ . . sinit
r{[ 1—[——-] ]sm:—- cos:]
7 n
d= —
sin / #
=
n

rsini (\/nz—sinzi~cosi
d = Ll g) ‘

n 2 . 2.
n Sin- ¢

n

d--t(l 7LJUSI. — sini’
| o




__——-_—___-_—__—-‘-_‘__
W For red
— = (np -1 (L_2
" : )(r_‘;r)
1 1 i |
§ 30 20
_.1_ — 1 1
=0-514 (——- + ._)
R 30 20
fr =23.35cm
For blue

Rl

T2
L (1524 1)(1 + 1)
fa 30 20
L _o 524(1 +i)
f 30 20
fg = 22.9cm
The separation, f between the foci of red and blue is;
f=re—1s
f=23-35—-22-9
=0-45cm

(d)

The distance PC is measured and recorded.

convex lens.

determined 18 poured on the plane mirror. o
A convex lens i then placed on top of the liquid.
@

¢ coincides with its OWI image.

ntil 1 m |
down C’ is measured and recorded.

I
e The distance P

e An object pin is clamped horizontally with its tip along the axis and
moved up and down until it coincides with its own image.

The measured and recorded distance is the focal length f; of the

A small amount of a liquid whose refractive index, #; 1s to be
[ ]

l l; ag p(.dd y ) ]'l

I




nce is the focal length, F of the

e The measured and recorded dista
combination of the lens. | . ed from n, = 14
e The refractive index of the liquid n. is then obtal

f the biconvex llqllld surface
= where r is the radius of curvature of t !
b

2

and f5 1s the focal length of the lens.

L1 1,1
f> 1s obtained from the expression - = — -I-f2

(e)

i it i d and
[ When white light is incident on a rain drop, it is refracte R
dispersed. The refracted light is reflected at B and emerg ,

light viewed is a spectrum of colours.

Light from the
sun

Water droplet

Spectrum {
R — C

\

Principal focus of a convex mirror is a point on the principal axis

Where rays parallel and close to the principal axis appear to diverge
from after reflection by the mirror.

Consider a ray A.X

parallel and close to the pPrincipal axis incident onto
the mirror.

FP = Focal length (1)
If Cis the ( ‘entre
mirror,

| From the diap,ram;
| <AXB “BXD

f curvature, then Op .« ' ‘
re, then CP g the radiyg of cury

ature of the

_a(Law of rcﬂcclinn)



( : ~ a(alternate
FC = FX (isosceles triang]e ang)gIES)

For X very close to P, iy ~ fp
Therefore, CF=Fp
2FP =Cp -,

r=2f

<AXB = xep———

\T\\
l

l |!I

—_—‘___L"__—-__'—__'-—~—____

When a lamp is placed at the principal focus of a parabolic mirror, all

rays ﬁ:om this lamp that strike the mirror at points close to and far from
Fhe principle axis will be reflected parallel to the principle axis and the
Intensity of the reflected beam remains practically undiminished as the
distance from the mirror increases unlike for a concave mirror where
rays from a lamp at its focus is reflected at different directions
therefore the intensity of the reflected beam diminishes as the distance

from the mirror increases.

reflectors in search lights.

Therefore, parabolic mirrors instead of concave mirrors are used as

separate images of close objects.

Magnifying Power is the ratio of the angle subtended by the final
image at the eye when using an optical instrument to the angle
subtended by the object at the eye when the object is at the near point.
Resolving Power is the ability of an optical instrument to produce

(d) (1)

Up =2267mm______———

(ii)

Given f, = 20mm , f, = 50mm
Lens separation, d = 220cm

d=V,+f,

220 =V, + 50

Vo = 170mm

Action of the objective
1_1. 1

fo Up Vo
1_1, L

20 U, 170

1 1 1
U, 20 170

s

250 (3_7_9— 1)
50

M = 20




© @) |

, iece Lens
objectze Lens Eye Pfoe

~_  fe S

%\ F[,,FjEi /

Angular Magnification, M = E e, (1)
From the diagram;

a

tan f3 =?- and tana = =
e 0
But for small angles measured in radians;
a~tana and f§ = tan f
—a =2 and b= ul
fo fe
Substitute o and B in (1)

(i1)

This is done by introducing an erecting lens of f;

the objective and the eye piece lenses. The erect?;glléi[;gltl};; ! bet;veen
on the magnitude of angular magnification produced and jt ; nole fect )
distance 2f after the principal focus of the objective lens g ;S p f'iced a
2f before the principal axis of the eye piece lens. e a distance
The objective lens forms a real inverted image of dista
focal point, Fy and this image acts as a reg] obj .
which forms a real erect image of the same siz
by the objective.

The final image formed is also erect,

t object at its
€ct of the erecting lens

¢ as the image formed

3 (a)(i)

- - - . - _‘—‘_-__—_'_‘————_.
Deviation of light by a prism is the change lm

. ] 5 Ct -  ———
refraction at the prism’s two non - parallel faces, 'on of light due to
— —=s.

-

S

-



e The prism is placed on a plane sheet of paper on a soft board and its
outline ABC is traced out as shown above.

e A normal NM is drawn through point X on side AB of the prism and
a line PX is drawn making an angle i .

e Two optical pins Piand P, are placed along the lines that make
different angles of incidence i.

e Pins P3 and P4 are placed such that they appear to be in line with
the images of P1 and P2 as seen through the prism.

e The angles of deviation d are measured for different angles of
incidence.

e A graph of d against i is plotted to give a curve whose angle of
deviation at its turning point is the angle of minimum deviation Amin

of the prism.

Principal focus of a convex lens is a point on the principal axis where
rays originally parallel and close to the principal axis converge after

refraction by the lens.
Radii of curvature of a convex lens are radii of the spheres of which

the convex lens surfaces form part.

Consider a paraxial ray incident on a convex lens as shown below
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[ From the Fig. (i) above;

D h
tanp = —

/ N
But for small angles in radians;
tanD ~ D

h
SD == (1)
f

Consider normals at points Q and R going through centres of curvature |
C, and C; respectively as shown Fig. (ii). . |
The normal meet the tangents to the lens surfaces at points P and Q

respectively.
From the diagram;
A+f=A..nn.(2) |
Also '
h h
tana = — and tanf = —
T1 T2

But for small angles in radians; |
tana = a and

tanf = 8
" dp " () |
= _ — e I B {

a - an m
Substituting (*) in 2 gives;

h h

Tt =A . (3)

non

For a prism of small refracting angle, A.

d=(Mn-1)A /
From (1)

h o |
= }; =(m—1A. (x%) |
Equation 3 and (x*) give; |
h h h |
—=(n—1)(—-+—-) .
flr non ‘

1 1 |
Fem-p(di ) .
Ty s

(ii) | Consider the liquid lens S T ,‘

1 1
-—-.::_(n[-—l)(h__}__]__) )
fi nor /
l:(14—1)(~1 : |
/i 23 3?) |

fi = =57.5cm

N § !nr_tfz(' ('”mb{_ﬂflﬁnn ‘

_— - o o




r 1 17 —_
A ‘ R
1 )
AR n
373 _toct— |
575 fy \ '
11 1 |
fy 3737575 \
fo =22.62cm |
Consider the glass lens |
1 3 A (1 ! 1 '.
o, |
1
7762 = (g~ 1) (E+§)
ng —1=0.51
ng = 151

@)

Spherical aberration is a defect produced in both lenses and spherical
mirrors. It occurs when rays which are parallel and far from the

principal axis fail to converge a single focal point but instead converge
at different focal points which results into a blurred and distorted final

image.

(i)

e Prisms don’t tarnish or deteriorate as plane mirrors do because
plane mirrors lose the silvering surface with time.

e Prisms form brighter images than plane mirrors. This is because
mirrors absorb more of the incident light and produce fainter

images.

multiple images.

Prisms produce clear images than plane mirrors. This is because
plane mirrors produce blurred images due to the formation of

@)

Stationary waves

Progressive waves
Transfer energy fromone €
another along the medium.
The amplitude of vibration of the

particles is constant.

nd to

They consist of crests and
' S
troughs/ consist of compression

Doesn’t transfer energy along

the medium.

The amplitude of vibration of

particles varies from place to
lace. | o

Consist of nodes and antinodes.
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The phase of vibration of
particles is constant between

| The phase of vibration varies
| from point to point along the
le.

nodes.
wave profi

(i)

e They have constant amplitude

e They move with constant speed

e They have constant frequency

e They transfer energy along the profile

The transfer of sound energy is possible When.vibra.tiHg.rnc’l‘m"‘leS hit
the next layer of molecules in the atmosphere in a dll‘ECt'[OIl parallel to
that of propagation of the sound wave. Thus, a longitudinal wave

g,

beala)
[YTEVINLVIE N

(b)

— Resonance tube

¢ The resonance tube is filled with water and a sounding tyn; fork
of known frequency, fis held over the open end of thegt leng or
‘The tap .is opencd and water iq Allowed to flag e A‘__”LAJ_ c. e
sound is heard. T eteSlaily uniil a foud
e The tap is immediately
measured and recorded.
* ‘The experiment is repeated with different

1 e[lci 3. T P I o 2
Irequencies. Tne results are tabulated Inc]

1. I 2 St
e A gr?.ph of / against T s plotted anq the ; g
obtained.

1n[erCept, C
» The end correction of the tube, ¢ —

Given: [ =0 - 4m, fn = 960H,

C.
fa =

The air column is vip

rati
_*f:;{_?—f-&!?rgc_l_l((‘ing

—

the >na

—>—— Sounding tuning fork T



e .
vt &d
'

(d) () | Doppler effect g

0, e
the < *N= - » . - -_—
to relative mofie, apparent change in the frequency of a wave due T \

Beats are on between the source and the observer.
dperiodic rise and fall in the intensity of sound heard when

two n ) . . . . :
otes of nearly equal frequencies but similar amplitudes are
sounded together-

|

\

i) |

se |

® Aspectral photograph of an arc or spark of light from an element

kIl_OWn to be in the star is taken in a laboratory and its wavelength,
A is recorded. |

A spectral photograph of the star is taken and the corresponding
wavelength, A1 is noted.

‘ ¢ Velocity of the star is calculated from ug =
| speed of light in air/vacuum

\{g} ~ S

{ Uiver:, - -

Case 1

=)
fll = (ﬂ)—)f _____ (l)

c| At—2)

. Where c is the

340 — u,
Case 2
= ()
‘ f; = s f
340 .
= f————— i
/2 (3404—11)}r (i)

i _s_(z—)

| 342 + u

| 340+ uy) = 7 (340 — uy)

| u, 340 |
4. 4 |

U, =37-8ms_!
5(a)i) | A tone is a sound with a regular

N Instrument is an integral multiple of the
(ii) | A harmonic is a not¢ whose frequency 18 gre iple of the |

L fundamental frequency. e |
(‘Tf) rtone is 4 note with a frequency higher than the fundamental |
An ove > It . . e - . ‘
frequency pmduccd along with the fundamental note. [ ,\
requenc ce > - -

frequency produced by a musical [

I ' _l’u_;:-' 2Yof 34
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(b) ()

(ii)

| e —

Pulley
Peg—\;/ ;\ : /B\ —

BT

Weights

= =

A tuning fork of low frequency is sounded and brought near the

wire. :

* The wire is plucked and the bridge B is moved towards 4 unti] a
loud sound is heard.

® The frequency fof the fork is recorded.

* Keeping the length, / and mass of the pan constant, a tuning fork of
frequency 2fis sounded and brought near the wire and plucked. A
loud sound is heard.

* Therefore a stretched wire plucked in the middle vibrates In more
than one mode simultaneously.

Given: [ =0-3m,m= 59 =5x 10_3kg, T'=170N

For a stretched strin g vibrating at its third harmonijc

For an open piper vi brating at it funda
v

fi= 2] T T m————_ (ii)

mental note;

3 [170x03 340 |
2x035%10-3 2 |

L =0.3367m

When two notes of nearly equal frequencies but simiqr amplitudes are _—
Sounded together, they Superpose. When they meet Wwhile in h'is‘; ‘ |
reinforcement takeg Place and a 1oy sound is he oy

. , ard. Whey
while completely o of phase, Cancelation A

hey meet
| . u occurs -
no sound ig heard. I'hat h; o

a soft sound or

fall in the intensity of « 'pbens dllcm‘.mc')’ Causing g periodic rise and
————"Blly ~ sound heard, Which leads to formati fb

2 1 l€d — —__14lilon of beats.

I~ - v h.am



(it)

Case |
it =

Case 2

f = () f = - - =)

v

vV— U,

) ===~

v

f; — fir =

((v—;uo)_(v;uo))f=5

zfuo :5

v
2 X 425u,

340
U, =2ms-

1

[Sound waves

Light waves

| They are longitudinal in nature

They are transverse in nature

] They are mechanical waves

They are electromagnetic waves

They travel at relatively iow
speed

They iravel at very high speed

They have relatively longer
wavelength

They have very short
wavelength

(i)

To electric
source

Bell jar

— Electric bell

Gong _———_@ Hammer

Tap

To vacuum
pu l'"p

e When an electric bell inside a bell jar is switched on, a loud sound is

heard.

Pa gc; 31 _injj
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The air inside the bell jar is gradually removed by means of a
vacuum pump, and the loudness is observed to fade out.

When all the air is completely removed from the bell jar, no sound is
heard even though the hammer is seen hitting the gong.

When air is again allowed 1n the bell jar, sound is heard again.

This shows that sound requires a material medium for its
transmission, thus a mechanical wave.

6(a)(i) | Huygen’s principle states that every point on a wave front may be
regarded as a source of secondary spherical wavelets which spread out
with the wave velocity. The new wave front is the envelope of the
secondary wavelets
(ii) | Consider a plane wave front of light AB which is about to cross form T
one medium into another f
Incident |
wavefront ;
!
5 |
: |
Medium 1 B’ ‘
Medium 2 4 r {
" |
a Refracted 'I
wavefront -
|
Let v, and v; be the velocities of light in air and the medium |
respectively. |
If the wave particle at B takes time t to move to B ! then the distance
BB! = vit.
In the same time interval wavc particle at A moves to A4 ', distance
AA b= Vgt
From triangle ABB' and AA'B’
BB! [
sin i ABT BB vt v,
sinr (AA*‘) CAAL vt v, )
_ ABY) o |
(b) Diffraction is the spreading of light into the geometrical shadow _ Vl
leading to interference |
Polarization is a process by which vibration of electric vector is |
restricted to take place in only one plane. ,

J'ag- ¢ 32 .uj 54



S

A \Y,, .
Incident rays X ‘, W
> d I'\
# Y II‘ lll‘l'.

The path difference XA = dsinf |
For constructive interference, diffraction maxima occurs when the path

' difference is an integral multiple of wavelength, A. |

i.e. path difference = nA 1

Thus dsinf = ni '

A_where n=0123, .........

0 sheet of polaroid'

transparent
medium

e Unpolarized light is made incident on a transparent medium at an n
angle 6.

e The reflected light is viewed through a sheet of polaroid while
turning the sheet about an axis perpendicular to its plane until
light is just cut off from the observer as the polaroid is being rotated.

| e The procedure is repeated for various angles of incidence until the
| reflected ray is cut off from object.

| e At this particular angle 0, the reflected light is completely polarized

________———'—__'—_ .

(e) Sound interference offects can be observed using two sources because

sound waves are typically coherent and have a consistent phase |

relationship when emitted from similar sources.

| This coherence allows constructive and destructive interference
atterns to form which can be detected by our ears.

% the other hand, light emitted from two lamps 1s generally |

| | . this means the light waves do not maintain a consistent

| incoherent, ip making it impossible to observe clear interference

phase relationsh

atterns. - : —

_  patterns.

- — ) 7 ."uge.”u_f.\'?




M _ _ 3.9x107°
Fringe separation y = —

y =1.70x 107*m |
a = 22 where d is the distance from the slits, a is the slit separation

y
55x 1077 x 0.31
 1.70x 10~*

7(a)(i) | Magnetic field strength is the force experienced by a s.tre-ii ght
conductor of length 1m carrying a current of /4 when it is placed

perpendicular to a uniform magnetic field.
(i) | Magnetic flux is the product of the magnetic flux density and the area
element perpendicular to the field at that point.

(@) ()

a=1.003x103m

(ii) Magnetic field strength at P
From B, = Lote
2Mrpy

_ HOIX . 47[ X 10_—7 X 5

¥ 2mn, 27 x0.019

By — Uoly _ 4x1077%9 =2 x 10-4T
27Ty, 2m%0.009

, Bp = By - B,

=2X107*—-5.2632 x 10-°

=1-4737 x 10~4T

=5-2632x107°T

B

(iii _ HolxIyL
) Fpx = BxIplL, = merply
Mrpx

_ 4mXxX1077 x5x3 %5
T 2mx1.9x%10-2
=7-8947x 107*N Attractive
Bolyl,L,,

anpy
_4mx1077x9%x3x5

erxfaxl_ﬂ“-"
=3%10"3N Attractive |

Fox = BylpLp =

fp = Foy = Fpx =3x107%-7-8947x 104
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(iv)

-— .
= 2.21053 x 103N towards X I

If a current carrying conductor, P is placed in the field of wires X

and Y due to currents I, and Iy, also a wire P sets a field around it
due to current.

The setup field due to current through P interacts with the field of X
and Y which results into a greater magnetic flux density on one side
of the conductor P than the other.

The resultant force is created from the side with a stronger field to

the side with a weaker field and it is this force that tends to move the |
conductor P.

(e)i)

Angle of dip is the angle between the magnetic axis of a freely
suspended magnet at rest and the horizontal.

(i)

Magnetic meridian is the vertical plane containing the magnetic axis
of a freely suspended magnet under the action of the earth’s magnetic
field.

OR It is a vertical plane in which a freely suspended magnet sets itself.
OR 1t is a vertical plane containing the magnetic poles of the earth.

(d)

L expression, By, = 520"
l—_“_‘—* ——— . _‘_r_______.———__v, —

>

(74

§
s It

:

|

I

I

e The coil of the earth inductor of negligible resistance is connected

to a B.G of known sensitivity, k and resistance, R.
e The coil is placed with its plane horizontal and perpendicular to By |
as well as the magnetic meridian using a plotting compass ncedle. ‘

e The coil is then rotated through 180° along the horizontal axis and '
the deflection, O, of the B.G is noted. |

The B, of the earth’s magnetic field is then obtained from the l
° ) K8y R '

DO _—

- T PageiSoss4




s plane vertical and perpendicular to

* Thecoil is agam p ac dian using a plotting compass

By as well as the magnetic meri
needle. ' .
e The coil is then rotated through 180° along the vertical axis and the
deflection, 8, of the B.G is noted.
e The By of the earth’s magnetic field is then obtained from By =
KOyR
2AN
e The angle of dip is then obtained from tan 8 =

f =tan~?! (:—;)

By _ v
By EH

8 (a)(i)

Faraday’s law states that the magnitude of emf in a coil is directly
proportional to the rate of change of magnetic flux linking it.

Lenz’s law states that the induced current flows always in such a
direction to oppose the change causing it.

(ii)

e When the field is on, as the block oscillates it cuts the magnetic
field lines which results into changing magnetic flux and an emf is
induced in it creating eddy current to circulate with in the metal

* The eddy current generates the magnetic field which opposes the
original field that causes the opposition to the motion of the metal
hence coming to rest in a short time

° When the field is off, there is no eddy currents generated which
results into the electromagnetic damping of the osciliation of the
metal. Its motion is only opposed by weaker mechanical friction

and air resistance with less impact hence oscillating for a longer -

time.
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induced is given by; E = —-N%% .........................
And current that flows , 1= %= - *N]-{-df ---------- (2)
Since time is changing, 1= c;—? ------------- (3)
Equating (2) and (3), $2 = -2 <2

dQ = —%d@

[ldQ = [y — 5 do

Q=— 2 (B:-0)

But @ -BAcos180 and @, - BAcos0
Q= — X (BAcos180™- BAcos0")

W
hen the coil is rotated, the flux linkage starts to change and an m\\

|

_ 2NBA
(c) &
<
., \foo
&
%!
S

- PQRW is a rectangular coil.
- N and S are the poles
of a permanent magnet.
- By and Bz are carbon brushes.

Load

When the coil i rotated with uniform angular speed and emf is
L

\ induced in it The resulting current is tapped through the carbon
in :

' brushes Bi and B2

- 6, and S2 are commutators or split rings.

/ T Puge iS4




e As side PQ moves up and RW down, an emf is induced in the coil
in the direction PQRW. In the vertical position, emf induced 1s
Zero.

e AsPQ begins to move down and RW up, emf is induced in the
direction WRQP, so current reverses in the coil. But at the same
time commutators change contacts with the carbon brushes S, to B,

and S, to B;.

* Hence current continues flowing in the same direction in the load.

(d)(i)

Back emfis an induced emf which opposes the applied voltage in the
circuit. '

(i)

Using Va=E, + Ir,
220=E,+1.5x3
Ey=215.5V

But E,=BANg

w = 2155 =2426.8 rads”

T 0.74%12 x10~* x 100

9a)(i)

(ii)

Self induction is the process of generating an emf in the coil due to

changing current in the same coil

Mutual induction is the process of generating an emf in the coil due to

changing current in the nearby coil.

When the switch is closed, current flows in the cojl and a magnetic

field is established.

When it is opened, magnetic flux in the cojl collapses creating an emf

which appears as a large p.d between the contact points of the switch.

Since the contacts are very close, a high electric field intensity is

created which ionizes the air between the contacts producing negative
and positive ions that collide and neutraliy

¢ violently causing a spark




(b)

Search coil I

. Sy

N O 1S

A search coil of N turns and cross-section area A is connected in

series with a ballistic galvanometer of known charge sensitivity k

and resistance R

e A search coil is positioned at right angles to the field to be

measured such that it enters the coil normally. The coil is then

pulled compietely out of the field and the first throw 6 of the

galvanometer 1s noted.

e The charge that passes round the circuit is proportional to 0 i.e

Q = k6 and the magnetic flux density B is obtained from; B = EAZ_R_

|

When a piece of metal moves in a magnetic field, a magnetic force acts
on the delocalized electrons thereby displacing them in a particular
direction in accordance to faraday’s law. The electron deficient atoms
(positive charges) attract electrons from other atoms. The movement of
these electrons causes current loops that are called eddy currents.

@

|

—_

Used in melting metal scrap. Thick copper wire is wound round the f

furnace and alternating current is passed through the wire. A changing |
maenetic field is established in the furnace which links the scrap,

\ o{firzlcing eddy currents in it. The eddy currents dissipate heat that is |
pr ,

| adequate to melt theserap. o .
— -2 2 — == 439 823V

E = BAN® = 0.7 X 3x107X 500 x 2mr X - 39.823\ ‘

l\ But £ IR

— S Page 19 of 54
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| 1=293.22A -
Impedance is the total opposition to the flow of a.c through a circuit

| 10 (a)
containing resistive and reactive components

Root mean square value of an alternating current is the value of direct

(steady) current that dissipates energy (heat) in a given resistor at the

same rate as the A.C. |
——

(b)(i) | Resonance is a condition when the total opposition to the flow of

alternating current flowing through a circuit containing resistive and

reactive components is minimum. |
. - - = . - f
OR 1t is the condition when the alternating current flowing through a

circuit containing resistive and reactive components is maximum. |

{I
(il ]
|
Aerial ' © ’ . J‘
To the receiver .:
) C . . f()" ‘
Aerial L '77& Vari ab‘{f ar amplification |
co:l Cdpﬂ(‘l or and
transmission ’
—0 —Pp If

— Earthing |

Radio waves from the different transmitting radio or T.V stations induce e.m. fs |

of different frequencies at the aerial coil, which in turn induce currents of the |

same frequency in the inductor, L by mutual induction and connected in series

with the variable air capacitor, C. |

* By altering or tuning the variable air capacitor, C, the circuit is tuned to
resonate with the frequency of the desired signal.

* Ata particular frequency, it responds and stores a large amount of energy that
passes on to and fro between the electric field and magnetic ficlds of the

inductor.
* The currents due to unwanted signals are negligibly small in comparison to the f
desired values. At resonance, the impedance whose value 7 — R is very small
thus making the circuit highly selective and clear |

In comparison to Xpand X,

signals are obtained. /
— ——————— —

T Pagediorse




(c)(i)

F_I:\Iosin(oz
O \

dt di dr |

dV:idf \
C

¥
dV = Lsin wtdt
C

[av - %Isin wrds

I
V= —Eocos wt =V, cos wt

(ii)

e The current and voltage are out phase by a phase angle -;5, i.e the

current leads voltage by —E

e When the P.d between the plates is minimum the current flowing is

maximum because there is no charge on the plates to oppose the

arrival of electrons.

As the P.d increases the current flowing decreases because the
{
already existing electrons oppose the arrival of more charges hence ‘

rate of flow of charge decreases. |

J
] -
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my charged, the P.d is maximum, the rate of

[ ! e When the capacitor 18

flow of charge is zero hence current is zero. Thus the current reads

(SR~

the voltage by

T c

a.c source
C=100uF,V, =2.5V,1 =034, f =50Hz
For the lamp V, =IR = 2.5=0.3R
R =8.33Q

1 2
Z=JR>+ X2 = 8.332+(*~ -
‘ \[ 27x50%100%107°

7 =32.9020
17 /

rms
Since in series I is the same,

I Vo =03x32.902=9.87V
il f  ——

l a.c
| source o'p




T Je

In the first half cycle when A is positive relative to B diodes D, and |
D; are in forward bias and current flows through R in the direction
XY ,while Dj;and D, are reverse biased.

* In the next half cycle when B is positive relative to A, diodes D; and |

. |
Dy are forward biased and current flows through R in the direction ‘
XY again while D; and D, are reverse biased.

| e During both cycles current is passed through the ammeter in one

direction.

11 (a) | Resistivity is the resistance between the opposite faces of a /m’ of a

material.
RA  Om’
From p = T = 5 =Qm . Thus its S./ unit is the Qm
(b) Consider a resistor, R connected in series with a cell of emf, E and
internal resistance, r
I E.r
- l | |
<
E=IR+r)-—————- (1) |

\
| Power output, P, =1 ’R |

2

\ Power input, B, =1E |
| E, _I'R
Efficiency, M= L x100% = —[E—x 100%

| P,
| IR _ IR 00w
| U:_E'XIOO%—I(R+r)X ’ |
: R
R 100%
N{ 4 (R+r) .

[ SR S

Fane 4707 34



(@ (i)

Driver cell

/

G

e
X 4

v" The driver cell maintains a steady current through slide wire.
v" The slide wire has uniform resistance, hence the p.d per cm is
uniform and any test p.d can be balanced across an appropriate

length along the slide wire.

(ii)

below.

Tvia

found for Es.

[
4
P
Sy T -'}'-/E /K
[
]l
Eg

P and Q are connected to reduce current through the wire 4B to a
suitable small emf of the thermocouple to be balanced. .
Q also helps raise the p.d in this section to enable a balance point to be |

By connecting a large resistance boxes in the driver circuit as shown |

I B



(7 —

Driver cell o I

The test resistor, R and a standard resistor, Rs are connected in
series so that the same current passes through them as shown in the
circuit above.

With contacts at @ and b the jockey J is tapped at different points
along the slide wire AB until a point is reached when the
galvanometer shows no deflection. The balance length, /1 is
measured and recorded.

The galvanometer is then disconnected from bto cand b is

connected directly to A as shown by the dotted lines in the diagram
above.

The jockey is again tapped along AB until a balance point is
obtained. The new balance length, /2 is measured and recorded

2

The unknown resistance, R is then calculated from R = (!—'} R
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(@ @) | R =10Q

At 0°C, [, =40cm, [, = 60cm
R, _ I 40 10-20
At balance point, R‘ = i?:f’ R, = 60 x10 = 3 £
At 100°C, 1, =50cm, 1, = 50cm
Ko = [i::'R’w{j =iqx10=IOQ
R 50
At gc, |, =42cm,l, =58cm
R, 42 210
L=l R=x10=220 |
R 58 29 |
From R, =R, (l +80:) |
210 20

R, =R,(] +9a):>2—9:§—(1+9a)————(1)
Ry = Ry(1+100a)
10:—239(1+100a):>a:5x10*-‘1<*

[210x_§ _1)
29%20

5x1072

From (1), 6=
6 =17.24°C

(i)

_Ry4 210 2.5x107x10™
[ 29 1.5

o) =1.207x107"Qm

?

Positive temperature coefficient of resistance.

This will result into increase in resistance of the heating element due to
increase in its temperature when current flows through it.

12(a)(i)

Action at a point is the apparent loss of charge at the sharp points of.a
charged conductor.

The high charge density at sharp points causes high electric field _
intensity that ionizes surrounding air molecules. Ions of similar charge |
are repelled and ions of opposite charge are attracted hence

neutralizing the charge on the conductor. |

(ii)

the leaf diverges because the electroscope gets charged by contact.
When a sharp pin is placed on its cap with it’s the sharp end facing
away, the divergence of the leaf decreases with time. At the sharp }

When a negatively charged metal rod is placed on a neutral gold leaf, /

point of the pin , there is a high charge density that causes a high
electric field intensity that ionizes surrounding air molecules, the
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Basitive 1ons are attracted to neutealize the i el ve chatge o th
"'l‘\“"“-‘*‘COPC hence the leaf fallx
Gaany’ lan' states that th l'«“ﬂl thix | HASET ekl ly ”""”l'}' di) 4rea

=~ equal to the relation of the charpe encloscd (i the permitt 11y of the
madiim.

Flacinic field intensity on the surface of the sphere 1s given by

Q

F=—— . (i

T 4mer? ©
But & = EA ... (i)
Substituting (1) into (i1)

oty
4meyr?

Eor 2 sphere, A = 4mr?

Q

4meyT

(e

2
2)4117

O
I
~

‘ (1)

\

\ '”|I<I‘ Phe st TTHLY

with




|

' But @ = sin~! (;-6') = 34—--2_4'_0_—_-_

Resolving horizontally,

Tsinf = EQ cos50 — — — —(ii)

(i) + (1)
T'sin6  EQcos50
Tcos@ mg — EQsin50

EQcos50
mg — EQsin50

= tan34.24

EQcos50 = mgtan34.24 — EQsin50tan34.24
EQ(cos50 + sin50tan34.24) = mgtan34.24

T 1.24x 10°(cos50 + si

Q =2.77%x1075C

_ mgtan34.24
¢= E(cos50 + sin50tan34.24)
0 60 X 1073 x 9.81tan34.24

n50tan34.24)

(ii) From (i)
Tsin@ = EQ cos50
1.24 x 10° X 2.77 x 10~5co0s50
r= sin34.24
T =0.3924N ‘
i .
| (d)(i) | Equipotential surface is surfaces is one in which the potential is the |
same at all points. i
Examples include; |
Any spherical shell concentric with a point charge.
| The surface a charged conductor. - |
(i) '

|

‘

L
—_—

equipotential surface.
| -
| E

i 0

The work done to move 1C 0
along the surface s
 Work = Forcex distan ce

Suppose E due to the charged surface makes an angle 6 with the

/ a positive charge through a distance, x



_ 7___7)—};3';(7;’; = f,:x | = 1«5 where Q= +1C

‘I I --" — 1‘ -
{ Along the surface, F = Ecos0 |
s W = (EcosO)x . R, |
.‘l For an cqmpun'miu/ surface, Wor k, W
| = Excos@ =0
| iy E#0 and X # 0, then, €O

{I =0 = cos"(O)

Ei ' ' ‘notential surface
' Hence E is perpendicular to the equipo sur .
)| C ce itor is the ratio of magnitude of charge on either

sd=0

/3 (a) | Capacitance of a capacitor is the ratlo oree o |
| plate of the capacitor to the potential difference between the plates. |
A farad is the capacitance of a capacitor when the magmtude. of charge l
of IC is stored on either plate and the p.d between the plates is /V. J‘

then
Energy supplied by the battery E =V(Q
- Heat disspated in the circuit ;
} | | = energy supplied by the battery J
— energy stored in the capacitor ;
The small work 6w done to move a small charge 8q from one plate to :
another is given by dw = Véq ;
|

The total work W done to charge the capacitor to Q from zero is given | f

' Consider a battery with pd V, if it charges the capacitor to charge Q, ‘l

by. |
Q - Q |
| W= | Vdg= j%dq |
I o o
| QZ
= EE Q |
. But C = — |
| “ 4
i W =0V |
| The work done is stored as energy.
| Thus E = QV

| Energy stored in the capacitor E, = QT

| Heat dissipated = E — E,
| 4 |4
| Energy lost = QV — ——QZ = “—QZ '
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I

2
| E=1227x10"7]

| B e B el AT S S -_

S —— Qv
Heat dissipated = energy stored = —2-—
(b)(ii) | Consider a charge +0Q at a distance x from A in an electric field where
electric field strength is £.
V+oV V
A B
+Qe } ——>E
i ox .
Suppose the points 4 and B are so close a small d1stance & apart such |
that the electric field intensity is constant. |
Work done to move a charge of +/C from B to A is |
W= +V)-V=06V |
Also Work ,W = E x 1x (- &)= —Ed |
=W =-Edx |
—Edx =0V
g=_%%
Ox
Electric field intensity at any point is equal to the potential gradient at
| and near the point
(c)(i nd? wx (0.1)?
/) g == (0.1) = 7.854 x 1073m?
md? m x (0.12)% |
Ay === (4 ) 1131x10-2m2 |
- Agy  7.854 X 10738.85 x 10~12 1
= TSNS =3.477 x 10~11F |
|
. Agy 1131 X 10728.85 x 10712 0
== = TR =3.338x 107 11F
. . _ C1C; _ 3.477x107'1x 3.338x10711 |
Effective capacitance C = ot 347710 s aen i = 1_705.>< .!
i 10-—11F I
| |
. €=1705x107VF _ o 3
(i) | Energy stored in the system , E = ‘; = 12071.705x1077



'd)

—_— ]

(e (i)

- |V = 6.27kV

|

| — i |
Vibrating reed ’ E —('Jv) | '.

swirch circuit i o ,
' I
—o —F —
A B |
| |
L i S E
=
Steel strip = C @ |
|
J
!

' The apparatus is set up as shown above.
* A capacitor with free space between its plates is connected at |

position C. |

| ® The reed switch is then activated so that the capacitor alternately |

charges and discharges through a sensitive microammeter at a |
known frequency 7 of the low a.c supply energizing the reed switch. il

' ¢ The voltmeter reading V and microammeter reading / are noted. |

¢ The dielectric whose relative permittivity is required is then inserted
between the plates of the capacitor. |

* Keeping the plate separation and area of overlap constant, the
procedure is repeated and new microammeter readip g7, is recorded. Jl

* The relative permittivity &, is determined from ¢ = /1 !
r ! |

]

At equilibrium,
The sum of clockwise moments
= sum of anticlockwise moments

EQx = mgx
ECV =mg
cv?
g - ™md
Agy
| -——d20 V%= mg
1207* x 885 x 10712
| 042 Ve =2066x10"¢ X 9 81



- reduces when the area of overlap is reduced.
| Hence C oA, .

T ' T
| (i) Charge density, § = % |
' | cv L
o= % ‘
|
AgyV gyl }
~ Ad  d ;
_ 885x 10712 x 6.27 x 10° |
- 0.4 |
§ =1.387x1077Cm™? ;
14 (a) | Dielectric strength is the maximum potential gradient a dielectric can |
withstand before it starts conducting,
(b) d.c source |
| -’
l I
v
N K,
| |
|1
Capacitor
p \K
2
(3O
BG
o
e The circuit is connected as shown above
e A capacitor is connected to position C.
e With switch K; open, K, is closed and the capacitor charges fully to
the p.d V of the source.

e Switch K, is opened and K 1s closed and the capacitor discharges
through the ballistic galvanometer.

¢ The maximum deflection 6, of the ballistic galvanometer is
recorded. |

e Keeping the plate separation constant, one of the plates is slightly
displaced to reduce the effective area of overlap.

e The procedure is repeated and the new deflection 0, of the ballistic
galvanometer is recorded. l

* [tis observed that 8, < 6, thus the capacitance of the capacitor

— T Pages2ef




}_(L) i "Consider a capacitor connected to a battery and charged toa p.d V
| | ) The small work édw done to move a sma

| another is given by 8w = V&q
| ' The total work W done to charge t

|  by.
] Q
; w = f Vdq
o
QQ
W= |—d
J e
8]
_@
| T |
L The work done is stored as electrostatic energy between the

| plates of the capacitor.

2
| Energy stored in the capacitor E = (22—

But(.’=9

QJ/

2(7)

E—lQV
2

E =

(i) |

" A
1  From C;, =
\

D

\

1l charge 8q from one plate to \

he capacitor to Q from zero is given \

—iﬂ, when the separation d is reduced, the capacitance C of
| |

| the capacitor increases. Also Energy E = —Cg—z thus E « C. Therefore, !

‘ the energy reduces when the distance of separation reduces. This is

because, when the capacitor is connected to the battery, the decrease in I
| capacitance results in a decrease in the amount of charge stored by the
1. | capacitor since @ = CV and V is constant. This charge is returned to
|

| the battery thus a decrease in energy is as a result of the capacitor
‘; \ discharging,

Il — L —




,--_)_?or C> and C; with a dielectric

+ + + + o+

+

* When a dielectric is inserted between the plates of the capacitor, the

molecules of the capacitor get polarized forming positive charge
near the negative plate and negative charge near the positive plate.
These charges are bound charges so they can’t be neutralized. This

the applied electric field intensity £,.

e This reduces the electric field intensity F = Ey — E; between the

plates of the capacitor.

'® Since F = E, a reduction in E reduces the P.d, V between the plates.

e From(C = %, a decrease in V increases the capacitance of the

capacitor. Hence presence of a dielectric increases capacitance of a
capacitor,

creates an electric field intensity E, in a direction opposite to that of

o _Go&Cs _3X23x3

G +eC; 3+23x3
For C'" and C,

= 2.091uF

Total capacitance, C = C' + C,

C =3+ 2.091
C =5.091uF

Total charge, Q = CV

0 =5.091 X 60

Q) =305.46uC |
But Q = k@

30546 = 40

Lf = 76.365 divisions




{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Whiteboard", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }

