
e 

JUNE2005 
l .(a) An equation is homogeneous if all the terms in the equation have the same base units or dimensions. 

(b) c2µ0E0 = 1, from F = � => E0 = � => [E0] = 11Q111'1, = kg-1m-3s4A2 
4n£0r 41tFr F r 

From F = µ2°;
1 => [µ0) = /�1!;� => [µ0] = kgms-2A-2 

Units of LHS =(ms-1)2(kgms-2A-2)(kg-1m-3s4A2) 
= 1. Hence the equation is homogeneous. 

2.(i) For a simple pendulum, T = Zn IT =>  T2 = (2n)2 ! 'but f = .!. => f2 = (-.!.,). ! . Thus a graph of t? �g g T 41t I 
against f is straight line passing through the origin with slope 

4
!

2 

From the graph, slope = � = 0.25ms-2 => L, = 0.25 => g = 0.25 x 4n2 = 9.87 ms'" 6-2 41't' 
(ii) We know that f2 = C!2) -T => I =  C!2).� = 4n:!·t;02) = 6.25 x 10-4 = 0.625mm 

3.By the law of conservation of linear momentum, 
- Horizontally, mA VA = mA v Acos60 + m8m8cos8 , but mA = m8 = m => 5.5 = 2.Scos60 + v8cos8 
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=:> v,cose = 4.25 - - - - - - - - - -(1) 

- Vertically, 0 = mvAsin60 - mv8sin0 ==> v8sin8 = � (2.5) 

=:> v8sin9 = 1.25"'3 - - - - - - - - - (2) 

Solving (1) and (2) simultaneously, gives Ya= 4.77 ms"! and e = tan"! c:.:� = 27.0° 
4.(a) v = ..£.. = 3.oxrns = 2.14 x 108 ms"! and VQ = ....:...  =  

3.oxios = 2.07 X 108 ms"! 
P np t.40 nq 1.45 

Sincevp > VQ, the light will emerge first from P 
(b) Optical path of X, d, = npt = 1.40 x 20 x 10-• = 2.9 x 10-s m 
Optical path ofY, dy = nQt = 1.45 x 20 x 10-• = 2.9 x 10-5 m 
Optical path difference, .6.x = dy - <lx = 1.0 X 10-6 

. 2nfil< 2nx1.ox10-6 Phase difference, .6.<p = "T" = 450x10_9 = 13.96 rad 
5. 

f=+2 m f=-30cm 

• 

' 

d • 

'· 

For the convex lens in position, the image is fonned at I. when the concave lens is now placed between 
the screen and the convex lens, it diverges the rays from the convex lens slightly so that they now 
converge at the point 11. Therefore the screen must be shifted through a distanced as indicated on the 
diagram 
The image formed by the convex lens acts like a virtual object to the concave lens. Thus for the concave 

l l l u/ {-30)(-15) lens, f = -30.0cm,u = -15 c m ==> - = - + - ==>  v  =  -  =  ==>  v  =  30 cm 
! v u u-f -1s--3o 

Therefore the screen must be shifted a distanced= 30 cm - 15 cm= 15 cm backwards. 

6. 

• 

6V 

100 12V 

+,---- � 
� v,j s n{il vJ ;:s o 

,, 

y 

(i) Applying KVL 

Loop I, V2 +V1 - 6  =  0  

=> 5/3 + 10/i - 6 = 0 => 5/j - 10/1 = 6 - - - (l)In 
loop 2,-V3 + 12 - V2 = 0 

=> -5/2 + 12 - S/3 = 0 => /2 + fa = 2.4 - - - (2) 
By KCL, I, + I, -13 = 0 - - - � - - - - - -(3) 

Solving the above equations simultaneously, gives 
/2 = /3 = 1.2 A, /1 = 0 

{ii) Vxy = 5/3 = 5 x 1.2 = 6.0 V 

7.(i) 

d, 

eF� 
d, 

• 

, .,  

'  
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• 

, 

I 

' 

12 Cl Figure 6 

KCL, I =  1
1 

+ /2 - - - - - -(1) 

KVL, loop (I); 12 - 8/ - 6 - 6/2 = 0 

= 4/ + 3/, = 3 - - - - - - - (2) 

KV1., loop (2): 6/2 - 1211 = 0 

= ,, = 21, - - - - - -(3) 

Solving, I = 0.5 A, /1 = 0.167 A, /2 = 0.33 A 

V611 = V = l2R = 0.333 x 6 = 2.0 V 

F - KQ,tQ8 9.0x109x4.0X10-8x2x10-a 1.2x10-6 
AP - = = 

(d1+d2)2 (d1 +dz)2 (d1 +d2)2 
F _ KQ8Qp _ 9.0x109x1.ox10-8x2x10-a _ 1.ax10-s 

s p - � -  dz - dz 
' ' ' 1ax10-6 1.2x10-6 The net force on P due to A and B, F = F8p - FAP = 

2 
C l' 

d2 dr+da 

Ifthc distances are known then the magnitude ofF can be gotten. 

(ii) Since the charge P i s  positive, B i s  negative and A is positive, if P i s  placed between A and B, the 
force on P due to A is to the right and that due to B is also to the right. Hence the net force cannot be 
zero. 

8.(a) (i) For the Newton's laws of motion, see your textbooks. 
(ii) Consider two bodies A and B with masses mA and ma respectively. If initially A and B have speeds 
llA and un respectively and collide such that after the collision, the have respective speeds vA and ve, then 
By Newton's second law, the forces exerted on A and Bare 

mAvA -v8) mA(v8 -v8) 
FA = tl.t and F8 = tl.t 

, . mA(vA-Vs) mA(Vg-Vg) By Newtons third law, FA= -F8 � At = - At � mAvA - mAuA = -mava - maua 

� mAuA + m8u8 = m8v8 + mAvA, which is the principle of conservation oflincar momentum. 
(b) See your textbooks 
(c) A conservative force is one in which the total work done under its influence in a closed path is zero. 
Examples are: gravitational force, electrostatic force. A non- conservative force is one in which the total 
work done in a closed path under it influence is not zero. Examples are: friction, drag force, upthrust etc. 
d) (i) Kirchhoff's current law states that the total current entering a junction equal the total current 
leaving the junction. The law is essentially a law of conservation of charge because current is the rate of 
flow of charge with time. If current entering a junction equal current leaving the junction, it therefore 
implies that the quantity of charge arriving the junction per unit time equal the quantity of charge leaving 
the junction per unit time hence charge is conserved. 

Kirchhoff's voltage Jaw states that in a closed loop, the algebraic sum of the p.d drops across loads 
equal algebraic sum of emf. This law is the law of conservation of energy in that the total work done 
per unit charge in converting other forms of energy to electrical energy is equal to the work done per unit 
charge in converting electrical energy to other forms of energy. Hence from the work energy principle, 
energy is conserved. 
( e) See you notebooks 

(f) 

• � 2 V  
GV ti)� ii)· 

12 6 0  

• 9. 
./ Molecules of a particular gas are identical 

I ./ Collision between the molecules and with the walls of the container is perfectly elastic. 
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./ The molecules exert no force on each other except during impact which may be assumed to be of 
negligible duration . 

./ There are sufficiently large numbers of molecules for the laws of statistic to be meaningfully 
applied. • 

./ The sizes of molecules are negligible compare to their separation. 

Wall 

x 

Consider a gas molecule enclosed in a cube of sides L. let each molecule of the gas have 
mass m. consider a single molecule with x - component of speed, ur moving towards the wall X. the x - 
component of the momentum of the molecules is mui towards the wall. The molecule will reverse its 
direction after colliding with the wall. Since the collision is perfectly elastic, its x - component in the 
reverse direction will be c-mu.. The change in the x- component of the momentum is mui - - mu, = 2rnu1• 

The molecule has travelled a distance 2L(to and fro). The time for the molecule to move to and from the 
wall is is 2Uui 
The rate of change of momentum of the molecule due to the collision is 2m1"1 = mu}. BY Newton's second 2L U1 L 
law, the rate of change of momentum is equal to the force exerted on the wall X 

m,' i.e Force on wall, F = T 
mu

2 /L mu
2 '2 Therefore force per unit area, pressure P = � = L31 (area side x side= L ) 

if there are N molecules in the container with x - components of velocity ur, u2, uj, . . .  ,  UN, then the total 
pressure exerted on the wall will be given by 

P m ( 2 2 'J 
= L3 ll1 + ll2 + ... + UN 

Therefore, P = � Nu2, where u2 is the mean square velocity in the x -direction. 
The total mass of all the molecules is mN. Therefore the density of the gas is given by p =::.Thus 
P = p u 2 -  - - - - - - -  (+) 

If the c is the resultant speed of a molecule whose x - , y - and z - components of velocity are 
u, w and-{) respectively, then c2 = u2 + w2 + 62 ==> c2 = u2 + wi + ,a2 ==> c2 = u2 + 002 + i)Z 
Since there are large number of molecules and are moving randomly, u2 = w2 = a2 ==> u2 = �c2. 

1 - Therefore,(+) becomes P = 
3

pc2 

(b) (i) P = .!. pci ==> slope of graph = .!. c2. From the graph, slope = '1·3-o)ios = 8.87 x 104 mZs-2 
3 3 1.5-0 

� ici = 8.87 X 104 
==> c'i = 3 X 8.87 X 104 � Crms = ../3 X 8.87 x 104 = 510 ms"! 

(ii) T < 300 K Because slope of graph at the temperature Tis less than the slope at the temperature 300 K. 
Or by calculations, 

. . (l.0-0)x:105 · 4 2 2 Slope at temperature T rs given by = 5.4 x 10 m s- 
1.as-o 

' 

• 

• 
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• 

, 

=> Crms = �3 X 5.4 X 104 = 402.?ms-1 

Now,:.!. = {!;_ => T
2 

= ('')
2 

T
1 

=> T
2 

= (�)
2 

x 300 = 187.0 K . Thus T = 187 .0 K < 300 K. 
C2 "4T2 C2 510 

(i) 

N(v) 

' 

(d) See June 2003 

(e) Stress 

3 K 

' ' 
' ' 
' ' 

Cn Cm C,.,,.. 

,,.--,qOOK 

C0 = most probable speed 

Cm = mean speed 
Crrm = root mean square speed 

v/ms· 

• 

Strain 

t) (i) Maximum energy= area between the curve and the extension axis Area of one square 0.5xl 000 
500 J .Approximate number of squares under the graph =16.5 

Total area= 16.5 x 5001 = 8250 J. therefore maximum energy= 8250 J 
.. stress F/A F I l l l 

(n) Young's modulus,= -- = -
1
-= - x -  =>  e  = - . F  =>slope=-=> .  where the 

strain e I A e EA EA slopexA 

area of the material is calculated as follows A = rr (f) 
2, 

where d is the diameter. 

lntensitv 

c) (i) 

(ii) From the diagrar - -J./d O A/d U/d Angular separation 
:e 1 

I 

D = ! _ _  !_  =  z). = zxs.sxio-
7 

= 7.33 x 10-3 rad 
d d d o.rsxro J 

� ( d) (i) (ii) See June 2001 

(e) (i) 

t, ./ The effect electrostatics force can be shielded while that of gravitational force cannot be shielded 
./ Electrostatic force is attractive or repulsive while gravitational force is only attractive. 
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./ When elementary particles are considered, the electrostatic force is stronger than the gravitational force. 
(ii) 

./ Both of them obey the inverse square law 
./ Both are action at a distance forces 
./ Both field strength equal their negative potential gradient 

GMm 

(f) U = (R+h) 

(i) On the surface of the earth, the potential of the earth is given by V = =E.!:!., while at a height h above 
. R 

surface, the potential is given by V = (-GM . The potential energy gained in lifting a mass m to a height h 
R+h) 

above the surface of the earth is given by 
U = m6V = m (:E.!i.- - GM) = GMm (� - -'-) = GMmh = GMmh . Ash« R � • .  �  0, and one bas 

R+h R R R+h R(R+h) R�( 1+-i) ' 

following relation U = c:;11 
, but g = :� ==> U = gmh = mgh hence. 

(ii) If the space craft is to leave the earth completely, the initial kinetic energy should be equal to the 
potential energy needed to take the space craft to infinity. 

, GMm GMm 2 gR2m 
t .e.g,e = 0 -  --.- = -.-. butgR = G M =>  K.e =-.- = gRm 

= K.e = 100 x 9.8 x 6.46 
= 6.3 x 109] 

(iii) Ifthc energy is less, the space craft will move in an elliptical path. If the energy is is more, the space 
craft will escape from the earth, and the path will describe a hyperbola 

• 

• 

the 

the 

I 
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