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WAKISSHA
Uganda Advanced Certificate of Education
PHYSICS
Paper 1
2 hours 30 minutes

INSTRUCTIONS TO CANDIDATES:

* Answer five questions, including at least one, but not more than two from each of the
Sections A, B and C,

» Any additional question(s) answered will not be marked.

* Non programmable silent scientific calculators may be used,

Assume where necessary:

Acceleration due to gravity g = 9.81 ms?
Electron charge e = 16x107C
Electron mass = 9.11x10% kg
Mass of earth = 5.97x 16%kg
Planck’s constant, - h = 6.6 10°3%Js
Stefan’s — Boltzmann's constant, c = 5.67 x 10 Wm=K*
Radius of the earth = 6.4 x 10°m
Radius of the sun = 7.0x 10°m
Radius of earth’s orbit about the sun = 1.5%x 10""m
Speed of light in-a vacuum = 3.0x10°m
Specific heat capacity of water = 4,200Jkg K
Specific latent heat of fusion of ice = 3.34x 10° Jkg'!
Universal gravitational constant, G = 6.67 x 1071 Nm?*kg?
Avogadro’s number Ny = 6.02 x 10% mol”!
Density of mercury = 13.6x 10kgm?
Charge to mass ratio, e/m = 1.8x 10" Ckg'!
The constant %”Eo = 9.0x 10° F'm
Density of water = 1000kgm™
Gas constant R = 831Jmol'K!
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j SECTION A

Define the terms displacement and uniform velocity. . (2 marks) .

Sketch displacement — time and speed — time graphs for a t();xgarks)
thrown vertically upwards. |

240N

8.5N

12.0N

Fig. 1

Three forces of 24.0N, 12.0N and 8.5N act on a body P of mass 0.5kg

- as shown in fig. 1. Find the acceleration produced on P. . (4 marks)

What is meant by saying that a body is moving with velocity v
relative to another? (1 mark)

A car is travelling in a direction due East at 30kmh-! while a bus is
travelling at 40 kmh due North. Find the velocity of the bus relative

to the car. (3 marks)
If the bus in (c) (ii) above is 15km due East of the car at 11.00 a.m,
find the shortest distance between them and the time when this

occurs, (5 marks)
What is meant 1?y tdrque of a couple? (1 mark)
State-the conditions for a body to be in equilibrium. (2 marks)
th_it is meant by Fhe term centripetal acceleration? (1 mark)
Derive an expression for the centripetal force acting on a body of -
mass m moving in a circular path of radius r. - (4 marks)
Explgm why a body moving in a circular path with uniform speed
‘has an acceleration, (3 marks)
State Newton’s law of gravitation, (1 mark)
Descnl?e, with the aid of 4 labeled diagram, an experiment to

determine the universal gravitational constant, G. (6 marks)
What is meant by gravitational potential? . (1 mark)
Calculate the period of a satellite which is 100km above the surface
of the earth. (4 marks)
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i (1 mark
()  What is meant by hydrostatic pressure? e ol Elcpth h)
(if) Derive the expression for the pressure at a pount WA s
below the surface of a liquid of density p. ,
(i)  State Archimedes’ principle. AR 1 dgc’gg;k)
(i) Using Archimedes’ principle and the principle 0 "mo'rclll ) % merke)
an experiment to determine relative density of a liquid.

An empty cylindrical metal can of radius 4.5cm is made to float vertically in

water, If 5 litres of engine oil of density 800 kegm™ is poured into thg cax;; ©
find the extra depth to which the can will sink. (Gm

(i)  State Bernoulli’s principle.

(1 mark)
(i)

A cylinder of large cross sectional area, containing water, stands on 2
horizontal bench. The water surface is at a height h above the bench.
Water emerges horizontally from a hole in the side of the cy!mder, at
aheight x above the bench. Use Bernoulli’s principle to derive
expressions for the speed at which the water emerges from the hole.

(4 marks)
What is meant by the following terms as applied to materials:
(i) Tensile stress ; (1 mark)
(ii) Yield point (1 mark)

Derive an expression for the energy stored in a unit volume of a stretched
metal wire in terms of stress and strain. (4 marks)

A rubber cord of a catapult has an unscratched length of 10 cm and cross

sectional area 2.0mm?. The catapult is loaded with a small mass of 20g and
is stretched to 15cm.

()  Calculate the velocity at which the mass is fired on releasing the cord.
' Take Young’s modulus for rubber to be 1.0 x 10 x® pa. (4 marks)
(ii) ~ State any assumptions made in the calculation in (c) above. (1 mark)

(1)  Distinguish between elastic deformation and plastic deformation.
) : ' (2 marks)
(i) * On the same axes, draw the stress — strain curves for rubber and glass,
and compare their elastic properties. (4 marks)
Outline the measurements to be made in the determination of Young’s
modulus for the material of steel. ' (3 marks)

SECTION B

(i) State th_e assumptions made in the derivation of the linetic theory
.. Sxpression for the pressure of an idea] gas. (2 marks)
(1) Which of the assumptions made above have to be modified for real
gases? : (1 mark)
T Turn30ver
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- e . is given t
) i) The equation of state of one mole of a real gas is given by the. ©
} _expression; (P4 o/V3)(V - b) = RT, :
| Account for the terms 8/V? and b. (3 marks)

(b) Calculate the root-mean-square speed of molecules of an ideal gas at 147°C
given that the density of the gas at a pressure of 1,01 x 10° Nm? at a
temperature of 0°C is 1.5kgm, g C " (5 marks)

© (@ Explain why the pressure of a fixed mass of gas in a closed container
of fixed volume increases when temperature of the container is raised.
. (2 marks)
(ii)  Explain, with the aid of a volume — temperature sketch graph, what

happens to a gas cooled at constant pressure from room temperature
to zero kelvin, : (4 marks)

‘d)  Anideal gas of volume 400cm? at — 129°C expands adiabatically to a
temperature of — 136°C. Calculate its new volume, (Take y = 1.40).
(3 marks)
(@ (@) State the desirable properties a material must have in order to be used
_ asa thermometric property. (2 marks)
(ii)  Explain why a constant — volume gas thermometer is used to calibrate
other thermometers. (2 marks)
(b)  Describe, with the aid of a labeled diagram, how an optical pyrometer can
be used to measure high temperatures. (6 marks)
(c) (1) Whatis meant by latent heat of fusion? (1 mark)

(ii) Explain why specific latent heat of vaporization of a substance is
much higher than specific latent heat of fusion of same substance.

(3 marks)

(d) 50gofice at 0°C is added to 200g of water initially at 70°C in a vacuum
flask. When all the ice has melted, the temperature of the flask and its
contents dropped to 40°C. On adding a further 80g of ice, the temperature of

. the flask and its contents became 10°C when all the ice melted.
Calculate the specific latent heat of fusion of ice, and the heat capacity) marks)
of the flask neglecting the heat loss to the surroundine -

(@. (i) Define thermal conductivity. o (1 mark)
(ii) - Explain the mechanism of heat transfer in metals. (3 marks)

(b) A window having two glass panes each of thickness 10mm are separatf:d by
an air gap of thickness 5.0mm. The outer faces of the panes are maintained
at 20°C and 5°C respectively.

(i) = Calculate the temperatures of the inner surfaces of the panes.

(6 marks)
(i1) Compare the rate of heat loss through the layer of air with that
through a single glass layer. (3 marks)

_ Take thermal conductivity of air and glass to be respectively 0.02
Wm-'k! and 0.6Wm™! K!

© WAKISSHA

Scanned by CamScanner



()

(b)

(a)

(b)

©
<

(e)

(1)  State Stefan’s law of blackbody radiation. | i (1 mark)
(i)  The average distance of a certain planet from the sun is about 40
times that of the Earth from the sun. If the sun radjates as a blackbody

at 6000K, calculate the surface temperature of the planet. (6 marks)
SECTION C

(i)  What is meant by photoelectric emission? (1 mark)

(i) Explain, using quantum theory, the experimental observations on
the photoelectric effect. (5 marks)

(iii) - When light of wavelength 455 nm falls on certain metal surface,
electrons of maximum Kinetic energy 0.75 eV are emitted.

Find threshold frequency for the metal. (4 marks)

Explain, using suitable sketch graphs, how X-ray spectra in an X-ray tube
are formed. (6 marks)

The current in a water — cooled X-ray tube operating at 60kV is 30 mA. If
99% of the energy supplied to the tube is converted into heat at the target

and is removed by water flowing at a rate of 0.060kgs™!, calculate the
increase in temperature of the cooling water.

(4 marks)
What is meant by the following terms as applied to radioactivity:
(1) Half-life. (1 mark)
(1) Decay constant. (1 mark)
(iii) Radioisotopes. (1 mark)

Given the radioactive law N = Nge M obtain the relation between A and
half-life . (2 marks)

Describe briefly how the age of a fossil can be estimated using uranium
dating. (4 marks)
A certain radioisotope X having mass number 90 and atomic number 38

decays by emission of beta particles. If the half:life o

f the radioisotope X is
30 days, determine the activity of 2g of the isotope.

(5 marks)

(i)  Sketch the count rate — voltage characteristics of the Geiger — Muller
tube and explain its main features.

(4 marks)
(ii) Identify, giving reasons, the suitable range in (e) (i) of the operation
of the tube. (2 marks)
Turn Over
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0. | (a)

(b)

(c)

d)

(i)  State Rutherford’s model of the atom. ; 2 ”r—a%

(i) Explain two main failures of Rutherford’s model of the at(')m(.3 B .
' g
(2 mark)

(i)  What is meant by a line spectrum? .
te energy.

(ii) Explain how line spectra account for the existence of discre »
levelsin atoms. | (4 marks;

The energy levels in a mcréury atom are — 10.4eV, -5.5eV, -3.7eV

and -1.6eV. |

(i)  What is an energy level? (1 mark)

(i) Why are the energies for the different levels negative? (1 mark)

(i) Find the fonization energy of mercury in joules. (2 marks)

(1)  Define space charge as applied to thermionic diodes. (1 mark)

(ii) Draw anode current — anode voltage characteristics of a thermionic
diode for two different filament currents and explain their main .
features. | | (4 marks)

END
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WAKISSHA

M:"RK]NG GUIDE .
Uganda Advanced Certificate of Education
‘g ;

PHYSICS P510/1 SECTION A
1. (@® Displacement is the distance moved in a specified direction, Vv*

Uniform vol. is the constant rate of change of displacement with time, (02 muks)

i speed = time
(11) Displacement — time /
\

X
v « e
=

>
i time
0 time

Compopent of the resultant force in the x - direction. Fx= 24 cos 60° — 8.5 cos 30" = 4,

64 N Yt-)component of the resultang‘orce in the y direction

Fy = 24 sin 60° — (8.5 sin 300 + 12) 5 4.53N(1) X
= Resultant force F =\V4.64% -+ 4. 53¢
F " ~ 648N X

va=F/m= 6'48/0"’5\/= 12.96ms™2 X
(4 marks)
(c) (i) If a body is moving with a vel V relative to another means that it has a vel. V as scen

by an observer from (on) the other body. (01mark)
sVe =4/40% + 30%
= 50kmh! e
) In a direction:
-t 30\ A
! 6 = tan™? (—) = 36.9°
/1 40
Lot ufo'” In the direction N36.9°W X (3 marks)
g - 2%
G " 3 3 - S
- >D - - - - em e e - /‘N -
© Gi) - R e e
. N VA |
S CNgeE T
il C o ST — — — -
= [T —
e
Shortest distance d = 15sin53.1° — 11.99M\/
= 12km
. eom — Distance along relative path .
Time taken relative speed A
€ WARISSHY Pazz 1 of [4
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AX 15cosS31 \/
TR 50
= ().18 hours

. /
= 10.8muns t =11:00+ 10.8

~ 11:10 am

T
(1)1:1 lam (5 marks)

. he forces that make a couple and the
d) (i Iorque ofa couple is the product of one t.
( ) ( iaerpendicular distance between lines of action of the COUp]C. L/ (Ol malk)

. time at which distance is shortes

‘s : ting on the body is zero. v+~
(ii) - The resultant _fowe ac 0. % . (2marks)
- The algebraic sum of moments about a point is zero lﬁ tal = 20 marks
2. (a)(i) Centripetal acceleration is the rate of change of vel. of a body molvmglgl a
. circular path and is directed towards the centre of the path. _~ (1mar |

(1)

Suppose the body travels from A to B in time St. acceleration
et X |Vp-V7| K
time take St

But |I73 —l_/;| =%/

2L % 2
S =— = w=rw
6t

= Centripetal force F = ma = mr w2 X

(4marks)
path with uniform speed; its velocity will be
ce its direction is changing.
- The change'in direction is due to a force (centripetal) that keeps acting on the
body thereby producing an acceleration on the body towards the centre of motion. v~
(3marks)

(iii) - When a body moves in a circular
constant changing

(ii) - Two identical gold balls

a and b are suspended by a lon
strings; respectively from the end

g and short final quartz
s of a highly polished bar CD.

© WAKISSHA Page 2 of 14
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.&, ..v{“ ‘.. o= e

st f“‘ o

Two large identical lead spheres A and B are brought into positions near a
and b respectively.

e The deflection 0 of the bar CD"1s measured by a lamp and scale method.

o The distance d between A and a or B and b is measured and recorded. g

o The mass m and M of a and A respectively are noted. LA’
cf d?
mMCD

o The gravitational constant G obtained from G =

Where ¢,= torsional constant of the quartz or torsion wire and CD is the

oX
length of the polished bar CD. (6marks)
(c) (i) Gravitational potential at a point is the work done to more a body of mass lkg
from infinity to that point in the gravitation field. v (Imark)
. _ |am?r3
(if) from: T= | v o

Wherer=re + h=6.4x 106 + 1 — 0 x 10°> = 6.5 x 10°m

4x3.142x(6.5x106)3
&T =
(6.4x108)2x9.81

5192x10% 7 (4marks)
Total marks 20
3. (a) (i) Hydrostatic pressure — Is the pressure exerted by a fluid at equilibrium at a
given point with in the fluid, due to its weight (or force of gravity) .~ (1 mark)
(ii) R )

/
2

ol

Consider a cylindrical region of cross-sectional

area A and height h in a fluid of density p.
o Volume of liquid in the column above x = hA %

—Weight of liquid in the column, W =hA p, A

= force acting vertically downwards on A X
Weight — hApg \/(

area A
=hdg A , (3 marks)

Thus Pressure P at A =

(b) (i) Archimedes’ principle state that when a body is wholly or partially immersed in

a fluid, it experiences an upthiust equal to the which is equal to the weight of the
fluid displaced. (Imark)

© WAKISSHA Page 3 of 14
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o adoe 1 J ition of ity
. a2 knife edee and the posit
le is balanced horizontally on a knife edge ¢
(i1) - A metre rule 1s b

, o ¢ arked unit. . : ,
~antre avity G is located and mar e | ition of a weight W 4
('mml'(;f'%rl;l\\nl]() at a distance L from G (pilot) and the hosll}l]lc rule horizontally,
;lA s?l ux ]Lbnd ofgtllc metre rule is adjusfed so as to balance
1e other e e

e R Ay gl
= txy‘-}@— Ly

- LI A
v e AL = .

Y A
v o ) T From the principle of moments.
W, = :_2 " (1mark)
o While

maintain the position of the solid and submerging it completely the

specimen liquid; W is adjusted so as to balance the rule horizontally. w4~

* The distance L3 of W from G is noted; and apparent weight of the solid, Wy,
is determined from W; = W:—3 Y ¢
1

The above procedure is repeated with the solid completely immersed in water
and the corresponding distance of W from G (L4) is noted \éad apparent

weight Wy of the solid is determined from W = wfi (iii) A"
1

a liquid; R.D of the liquid = W2=%1 _ L-15 w

e e Wa"Ww lz—lq,
N _ (Smarks)

B -;_@;@;

From definition of re]. density of

(c)

_——

—_—————

W T
In (i) Vol. of water displaced = Ah = -2, >
- weight of water displ.= 7r2p L, 9 = wtofcom.
In (ii) Vol. of water displaced = Ah® = yp-2p,
- New weight of water displ.= nr2p N g
But new weight of water displ.

= wt of com + wt of oi], A~
N, g = mrihf gy

Volp 9
Ornrzhfw g(h’—h):[/afO g

V
Trrzhfwg "Tzhfw

— 5x10~3xgog v
—— 7 X800

v 3.14 x (4.Sx10‘2)2x1000
= 0.629m /
(5marks)

© WAKISSI4 Page 4 of 14
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3.(d) ()Ber ’'s Drines

riq(cl (1‘)31.3 noulli’s principle states that a long a stre
scons uid, the sum of the pressure at

per unit volume is constant

¢ . am, line in an incompressible nop
any point, the K, e per unit volume and the p
.C,

(i) (1 mark)
Assuming the top of the bench is the reference height
= At A = Pressure = p, (atmosphere)
k.e/vol = %sz =0
D.e/vol —[hg X  Sincev=0 (4marks)

At B = Pressure = Po
k.e/vol = %f V2 X (where V = vol. at B)

D.elvol =[xg
- Using Bernoulli’s principle:

1
P0+0+fhg= Po+§Jv2+fxg Ve
sifvi=fgh-x) -

=V? =————2I‘}’(h'x) =2g(h —x) X

2V=J2g(h—x) X

Total marks 20

4. (a)
(i) Tensile stress is the ratio of the tensile a tensile force to the cross

sectional area of a material. v
(1mark)

(ii) Yield point is the point bey

no extension is recovered at a

(1mark)
(b) Consider a wire of original length L stretched by an amount e on applying a force F.

work done to stretch the wire W = average force x extension

i.eW=(%£ xe=-Fe .~

ond which a material gets permanently deformed or
1l when the deforming force is removed. v

= Stored energy in the wire. s
. w
= Energy stored per unit vol =H'A =X-
sectioningarea -
. 4
-~ Energy stored for unit vol = -7 v
= 1/, X stress X strain.
Y4 x stress X strain.
\/ (4marks)

© WAKISSHA Page 5 of 14
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(c)

' = 15— 10 = Scm.
ly=10cm; A=15em =¢e = A—l,=15-10=5
E=5x10? m; (4marks)
A =2.0x10%m? , m - 0.02kg
1
(c) (i)Energy stored in the cord = P F ez %
‘,' — %EAle \/(
1 1.0x108x2x10~6x (5 x 1072)?
—7* 0.10
=257 (1mark)

But Energy stored = K.e of the small mass

i.e,§m1/2 =25

%x 0.02xV? = 2.5 K

(c) (i1) Assgp(tion: All the energy becomes k.e of the and none is lost as heat in the mass

or Elastic limit of the cord is not exceeded when the cord is

=V =1581ms? K
cord.
stretched. .
(01 mark) \/

(d) ()

(2marks)

Elastic deformation

Plastic deformation

e Change in shape of a material (at how
stress) and material is able to recover
its original shape when the force is

removed, (temporary change in shape).

e Heat is not given out.

- Change in shape of a material without
fracture under the action of a force and
material is not able to recover its original
shape when the force is removed.
(Permanent change in shape)

(02 marks)

- Heat is given out.

* Rubber - has coiled molecules and thus stretches more than glass. A~

- Doesn’t undergo plastic deformation.

- Glass  — has a small elastic region; no plastic region and fractures easily; it’s brittle
and any concentration of stress at any crack makes it break.

- Original length of the test wire.

(04 marks)

- Its diameter at three different points and its average determined.

- Extension produced in the test wire._\/

Total marks =20

SECTION B

© WAKISSHA
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s: f 1 - The N .
(@)(1) "l he mols of an ideal gas behave like peyeethy elastic spheres apg theref
make perfectly elastic collisions. v erefore

* The intermolecular forces between the mols are negligible (except duri
collisions). X ng

The vol. of the mols themselves is negligible compared to the vol. of the
(gas) or container. ¥

The duration of a collision is negligible compared to (with) the time between
collisions. X~

. (2 marks)
(i1) - Intermolecular forces are negligible. A
[ ]

(1mark)
The vol. of the mob. Are negligible compared to the vol. of the gas (or

container). X

(ii1) - The mob. that strike the wall of the vessel are retarded by the
unbalanced force due to the mols behind therr},)go the

Vﬁobserved pressure p is less
than what it should have been without these forces.” Hence %/y; accounts for the
pressure defect.

- The vol. of the mols may not be negligible in relatio&%) the vol. of the
container when they approach each other very closely; thus in effect.cause a

reduction in the vol. in which they can move freel&e free vol. = (v-b), where b
is a factor called co-volume. X'

(03 marks)
(b) T1 = 147°C = 420k,f =1.5kgm™, /%, =?
To=0°C=273k, Py=1.01x10% Nm?

FromPo=§> a = ’C_g"-)——qﬁ
e
= JC2= ‘/—3" Lo A1 .42x103ms 1

ButJ-C-Ea\/T;Jiz:lz—:‘/E:—: ‘)/

Jcti: J420%€\/?§=1.76x103 v

(c)(1) When the temperature of container is increased, the average vel. of the mols

increases+®o the number of collisions made with the walls of the container per second
in creases.

- Consequently the momentum change per second of the mols increase‘s/ys they bomb
and the walls.

- This leads to an increase in the force exerted\)o(n the walls, and hence pressure of the
gas increases = 4 v et

(2marks)
(ii)
» When a gas is cooled at constant pressure, its volume reduces and become more and
more dense.

* The kinetic energy of its molecules keep reducing until it turns into a vapour.

© WAKISSHA Page 7 of 14
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o When the temperature reaches zero, the gas will have zero volume, and moleyy,,
motion ceases.
(d) Vi =400em’,
Va=17

T =-129°C = 144k,
T.=-136°C= 137k, ¢ = 1.40
From TiNO™! = Qo Vs v’
144 x (400)140 =137 x (V2)! y
144 x 144%% = 137 x V,040
144x4000-40
V20'04 - —=

2V, = 453.1cm3 (3marks)

Total marks 20
6. (a)
(1) - The value of the property chosen must be measurable and must change appreciably
for small temperature - changes. v~ 'l |

- The value must change linearly or uniformly with te'rnperature. (2marks) . —

(i) - Itis very accurate since the pressure of the gas
varies nearly linearly with temperature. (gas is anideal gas).
- It measures a wide range of temperature. (2marks)
(b) l
\

» The eyepiece is focused upon the filament E of the lamp. v

* The telescope is then directed to be furnace and light from it is focused by the
objective so its image lies in the plane of the filament. L~

¢ While viewing through the eye piece, the rheostat R is adjusted until the
bright pass of filament F merges with that of the furnace (or the filament jusf/
disappears’) (6 marks)

¢ The temperature of the furnace is their read off ,_c‘i';cetly from ammeter A
previously calibrated in degrees Celsius or Kelvin.

(c) (i) Latent heat of fusion is the heat required to change the state of any given mass

of a solid into liquid at constant temperature. (1mark)

(iii)  During fusion, the latent heat is used to weaken the bonds between mols (or
atoms) of the solid andthus the regular structure of the solid is broken down,
characterizing a liquid state.

(iv) During vaporization, the latest heatof vap. Is not only used to separate the mols,
i.e breaking the molecular bonds$; but is also used by the vapour to expand and
do work against a temperature pressurc:}hus s. L h. f>s. 1. h. vap. (3 marks)

) 1
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() In the first part, | LY
~ Htused to melt + Htused to = 1t given out by water
Tee at 0°C warm melted and flask from
lee from 0% to 70% to 40%
40%
i_¢ 0,051 + 0.05 x 4200 x (40°0) = 0.2 x 4200 x (70 - 40) + C(70 - 40)
where C= It capacity of flask 16800 (i) v

& 0,051 + 8400 = 25200 + 30c or 0.05] = 30c =
In the second case;
new mass of water in the flask = 0.2 + 0.05 = 0.25kg.
~Ht used to melt + Ht used to
(80g) Ice at 0°C  water mellé:d
Ice from 0°c ,
to10% l/ |
i.e 0.081+ 0.08 x 4200 x (10-0) = 0.25 x 4200 x (40 - 10) + @(40 - 10)

= Ht given on by
water and flask
from 40% to 10%

0.081+ 3360 = 31500 +30c L~
Or 0.081—'30c =28140  (ii)
From (i) and (ii), | = 3.78 x 105 Jkg!

06
Total marks 20

7. (a) (i) Thermal conductivity is the rate of heat flow through a conductor per unit area

of cross — section per unit temperature gradient. (1 mark)
(i) In metals, there are free elections that move randomly with in the latrine of the
metab)é marks)
=g

- When one end of the material is heated, the electron there gain thermal energy,
thereby increasing their vels and thus their k. e. as they drift from the heated end.
- They collide with atoms on their way towards the ce/l&y end, giving up some of their

k. e. to these atoms. A~
- The vibrational energy of the atoms increasesp}’ﬁis energy is passed on, leading to

propagat‘ig,‘;} of heat along the metal. (3 marks)

(®) ,
Ka=0.02Wm'k
Kg=0.6Wm'k

-/
(i) Q/A — kgA(ZO— 01) — kaA(Bl— Bz)l{ kgA(gz_ 5) l/\/
xg xa - xg
Thus: A0~ 6,) 0.024(6, - 6,)
0.01 0.005

From which 1660, — 6, = 300 (i)
Also, 0.6A(20- 6,) _ 064(6,-5)
: 0.01 0.01
From which 8; 4 8, = 25 (ii)
Solving (i) and (ii) gives 6, = 19.120¢
’ 6, =5.88C 7 (6marks)
i)  Rate of heat loss through the buyer of air Q/
t.
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: ; wer radiated per unit uy,
(c) (i) Stefan’s law of blackbody radiation stnll'ets ttlll;:stehf‘o};?:zc;c)WCT of the absolute
 surfaca of is directly proportional to
of surface of a\b}d\'body is directly propo1 ! et ;
mark)

temperature, i ‘ (

(if) R = 40Re , where Re = distance of earth from sun.

> Power that 1‘:111\5)1{ the pJanet, Pp

4
anrdaTd r2aTy " 2
P):%’.‘_x n'rpZ:'————z.',\, nTp
4nR (40R, )

Where 7, = radius of the planet
At thermal equilibrium
Pp=4nrieTs |~

2 4
2,74 - T50Ts 2
= X T
> AnrtoT, (40R,)? »

20T} 1
» Th= 575 0 2
p (40Re)?2 ™ 4 \/

5.67 x 10"8x(6000)*xr,

y, -
~ Ty = K o~
P 4 x (40 R,)? " iy
2 (63T ¢ gu_:m;_ yak
| T A ex EbrERarks)
NB: R, = distance of Earth from sun ot given.
rs = radius of the sun not given,

20 marks

SECTION C
8. (a) (i) Photoelectric emission the ejection of electrons

from the surface of a metal
when irradiated by an electromagnetic radiation of hig

h — enough frequency. v’
(Imark)
Observations.

* Photoelectric effect starts at the instant the metal surface is irradiated. A~

Photo current (no. of electrons emitted per second) is proportional to the
intensity of the radiation. ”d

e The max k. e. of the
radiation.

photoelectrons is proportional to the intensity of the

For a given metal surface, there exists a minimum fre

photoelectric emission occurs
Explanation.

* According to quantum theory,
amounts (quarita). W\~

So each quantum of light (photon) interacts with only ore electron in the
metal surface, giving all its energy or none of it to the electron.
The no of electrons emitted per second is pro

photons falling on the surface per unit time‘(ﬁe intensity of the radiation).

When the photoelectron energy high frequency is greater than the energy
needed to overcome the attraction of the nucleus, an electron is emitted from

the surface“but if high frequency is less, then no photoemission locts,~"
The difference between these energies become the k. e. of the emitted
electrons;

> As frequency increases, k. e. also increases.

quency below which no
regardless of the intensity of the radiation. A

radiation is emitted and absorbed in discrete

ortional to the no. of incident

(5 marks)
(8)(a)(iii) > = 455nm = 455 x 10 “m
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k.eonax = ’0.75eV =0.75x 1.6 x 107*%]
From hf =T =W, t kepay v

W he k
0 —A—_ €max

_ 66x1073*x3,0x10° 19 7
PP -0.75x1.6x10 4

wo=423x 10" =hfp = 211610

fo=423x10%/6.6x10% QJ tg
= 6.4 10 Hz Tl W (4 marks)

8(b) . . e e

RN ) e

> /

Continuous spectrum

o Is due to multiple collisions between the electrons and target atoms; Different
electrons lose different amounts of energys’fhen x-ray photons with
frequencies lower than maximum frequency are produced, covering a range
of wavelengths.

Line spectrum. !

e This is formed when highly energetic electrons bombard the target and are
able to penetrate deep in the gtoms and dislodge electrons from the innermost
shell. The atom gets excited. The sub-segment electron transition from higher
to lower energy d€vels causes a high energy x —ray photon to be emitted,
which is the line spectrum.

. (6 marks )
8 (c) I=30mA=30x10A

V = 60kV =60 x 10°V

At the target; ht per second nerated
=2 xIV=MCO |
=2 130 x 10°x60x10° = 0.060 x 4200x6
20marks

9. (a) What is meant by the following terms as applied to radioactivity: :
(i)  Half-life Is the time taken for half the n‘(yf/radioactive atoms of a substance

to decay. (1 mark)
(i) Decay constant Is the fractional n. of radioactive atoms that decay per second.
(1 mark)
(ili) Radioisotopes are radioactive atoms of the same element that have the same
atomic no. but different mass nos. / (1 mark)
(b) Given the radioactive law N = Noe ™
.Let at time t =0, N =No
and at time t=t1 , N =No
2 2
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A Nea M ,

At one half-life; Ng = Noe L2 .
* 1
i 2 c'?\ti or 2 = e At? ‘)<
2 ) m2 .t _ 0693
=In2= "Atior t%4 22T A A (2 marks)
\/
‘ . tom. .
gt s turns into a lead at s 6 it

(¢) Bvery 1 107 of Uranium (hat 54 he fossil, below 1tS trapping temperatu

_ When a mineral grain is formed, say, in t

sets the uranium — lead clock to Zero- ' i
- The lead atoms created are trapped in the crystal and buildup

time. O nd
The lead — Uranium proportion is determined in terms of mass

At Iyl

t can be obtained if ha
d) 90 gof X contains 6.02 x 10?* atoms
602210% o _ 93451022 atoms (5 marks)
90

concentration with

from the formula.

If life of uranium is known. (4 marks)

= 2g of x contains

~ N = 1.34 x 10*?atoms _
y 0.693 X ')(

= =4.01x107757
But A = AN,where X =747 60 x 60
A= 401 x107xT30x 1022537 x 1018 7 (5 marks)

vl
© () S S

.('L-_C;:gﬁ

(4 marks)

B oy 4" v,

I T s

o Along OA, the aI;p.lied- voltages less than the time hold voltage, and there is
insufficient gas amplification (i.e there is recombination of in - pairs) and so
no detectable pulses are produced.

o Along AB — the proportional region, the magnitude of any particular pulse
depends on the strength of the initial ionization,¥nd the count-rate increases
with p.d.

o A long BC —plateau region, all the ion pairs reach their respective
destination¥{ and the pulses have the same amplitude regardless of the
strength of the initial ionization — every particle produced ionization is
detected. '

e Beyond C (region CD), the quenchin\g)gocess becomes less and less
effective and eventually, a continuous '/ discharge occurs.

(ii) The suitable region for operating the tube is region BWause every particle that
produces ionization is detected. v (2 marks)
(20 Total marks)

10.(a) (i) Rutherford’s model of the atom of the atom states that;
e The positive charge of an atom and nearly all the mass are concentrated in a
small volume at the centre.

¢ Electrons are in motion in spheres round the nucleus; and the volume of the
atom are accounted; for by this electron cloud. /
(2 marks)
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(1) Rutherford's failures were that;
* His model could not explain the stability of the atom and cannot explain wh
electrons move in circular orbits and how they emit energy. ;
An orbiting electron is constantly changing its direction and therefore has
acceleration due to clcctro?elic attraction force. In classical physics; changes
that undergo acceleration €mit clectromagnetic radiation continuously and
they would lose energy. In the process, the electrons would spiral towards the
nucleus and atom could collapse or cease to exist within a short time; yet te
atom ia a stable structure — Thus model can’t explain stabilities of the atom.
« Since electrons, continuously accelerating around the nucleus, continuous
emission spectrzi should be emitted by the atom; however experimental
observation reveals that it is atomic emission line spectra which occur. (3
marks)

(b) (i) Line spectrum are discontinuous lines produced by electronic transition within
the atoms é%glrll:: electrons in them fall back to the lower energy levels. "~
(2 marks)

(ii) The atoms of a particular element emit radiation (line spectrum) with definite
frequencies or wavelengthdWhen an atom igs/'%an excited state, an electron may
fall into a vacancy in the lower energy levels: his is accompanied by an
emission of electromagnetic rad whose frequency is got from E = hf, where E is
the difference in the energy of the levels involved. !/

- So since the frequencies are definite for a particular element, then it implies
that the energy levels are discrete.
(4 marks)
(¢) (i) An energy levels is a specific g discrete amount of energy an electron can have
when occupying a specific orbital.*(1 mark)
(ii) Energy levels are negative because the electrons are bound to the nucleus so
work has to be done to move them to infinity when energy is zero.
(iii) Ionisation energy =0_—104
=10.4eV, v~ (2 marks)
=104x1.6x10"
=1.66x10"
(d) (i) Space charge Is the large number of electrons that gather close to the cathr&/

as an almost stationary cloud of negative charge due to buck of sufficient eftergy
to enable them reach the anode. (1 mark)

(i)

[) = ]
ﬁt Vz:A\Q, some electrons are too energetic and may cause little current to
ow.! 1s. va increases, the electron density of the space charge decreases and
more electrons reach the a mode, so cure along AB increases. _x~

© WAKISSHA Page 13 of 14

Scanned by CamScanner



1

: g
e AB, all the electrons Wl the anode (space charge no longer exists) and

current will be max. At mar.ks) !
e . A long BC, the current depends on the temperature of the ﬁlar{lent. At higher
temperature; more electrons are remitted, causing an increase in the

saturation current. \_x~ l‘(s(4 12110arks )
Total marks =

END
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