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1.(a) An equation is homogeneous if all the terms in the equation have the same base units or dimensions.
& =yl Q SRR 2 S T
®) Ppggo =L fitmF=———==a = — = [e0] = EI}ZJ; = kg™'m™3s*A

From F = 2 = [,] = [r]]fE]] = [1o] = kgms™2A~2

Units of LHS =(ms~?(kgms~2A~2)(kg~*m~3s%A%) = 1. Hence the equation is homogeneous.
Q2

2.(1) For a simple pendulum, T = ZnJ_=> = (2Tr)2 L but f =2 => H= (—) = . Thus a graph of f*

agalnst = is straight line passing through the origin with slope =

22222 = 0.25ms™? = L, = 0.25 = g = 025 x 4% = 9.87 ms~?

From the graph, slope =
ag7 -
(ii) We know that f2 = (Zﬁ) : (4“2) 1= = 625 % 107 = 0.625mm
3.By the law of conservation of linear momentum,
- Horizontally, my v, = m, v,cos60 + mpmpcosd ,but my = mg = m = 5.5 = 2.5c¢0s60 + vgcoso
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= 0050 =885 = S === e ais 1

- Vertically, 0 = mv,sin60 — mvesind = vasing = V;—E(Z.S) 8
= vgsind =125V3 — = — = — — = — — 2
Solving (1) and (2) simultaneously, gives vp= 4.77 ms™" and 6 = tan = (l—ffsf = 27.0°

4(a) vp = i = 3%5429 = 2.14 x 108 ms™! and vq =“iQ = 3‘;%‘-’ = 2.07 x 10% ms™?

Sincevp > vq, the light will emerge first from P

(b) Optical path of X, dy = npt = 1.40 X 20 x 107° = 2.8 x 1075 m
Optical path of Y, dy = gt = 1.45 x 20 x 107 =29 x 10 m
Optical path differsnce, Ax = d, — dy = 1.0 X 107¢

2mAx 2mx1.0x1076

Phase difference, &p = T R 13.96 rad
5
f=t20em  f=.30cm
\\
_10cm _5_ d ’::
L 25 cm = :
For the convex lens in position, the image is formed at L when the concave lens is now placed between
the screen and the convex lens, it diver'ges the rays from the convex lens slightly so that they now
converge at the point I* 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
ey Podid O S ) =
lens, f =—=30.0cm,u = =15 cm= <= L daled e ek T el 30 cm
Therefore the screen must be shifted a distanced= 30 ¢m — 15 ¢cm= 15 cm backwards.
6.
(i) Applying KVL
5 Loop I, ¥, 4V, =6 =0
2, =S t10h-6=0=55-10/ =6= - - (D
( —512+12—513_0=>12+13_24———(2)
By KEI ot L o My S T, LT (3)

Solving the above equations simultaneously, gives
TR W Y
i)V =51 =5x12=60V

7.0) @ a@f &F@*ﬁg' "
d d

X
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_ KQaps _ 9.0x109x4.0%10 %x2x107® _ 7.2x107%

bl (d1+d2)2 3 (dl +dz)2 * (cly +c3)2
F s KQ8Gp i 9.0X109X1.0X10"6x2x10 8 e, 1.8x1073
Lt g = = e
d3 & 3

18x1076  7.2x1076
42 (di+dz P

Ifthe distanees are known then the magnitude of F ean be gotten.

(ii) Since the charge Pis positive, Bis negative and A is positive, if Pis 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.

(iiy Consider two bodies A and B with masses m, and my respectively. If initially A and B have speeds

us and ug respectively and collide such that after the collision, the have respective speeds v, and v, then

By Newton’s second law, the forces exerted on A and Bare

The net force on P due to Aand B, F = Fgp — Fypp =

mu(vy —va ma(ve —vs
F, = (V4 )andFB= A )
At At
By Newtors third law, F = —Fp = m"‘&:;'v") = —m“‘(":_vg) = MV, — MUy = —Mglp — Mplip

= muu, + mpus = mave + muv, which is the principle of conservation oflincar momentum.

(b} See your textbooks

(¢) 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 entéring 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 therefire
implies that the quantity of charge arriving the junction peér unit time equal the quantity of charge leaving
the junction per unit time hence charge is conserved.

Kirchhoff’s voltage law 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
pér 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

®
80 | ﬁv Kep g iy o0 SRS )
$ —:F*/\—l/ KVL, loop (1): 12 — 8] — 6 — 6, = 0
(D ” = etape ol ot KRN 2)
ev'__l ‘/6;) (2) KVE, loop (2): 6l — 121, = 0
: | = f=2h === == )
12 0 F Solving, =05 A4, L =0167 AL =033 4
Figre & Vip=V=DLR=0333%x6=20V
8,
v" Molecules of a particular gas are identical
v" Collision between the molecules and with the walls of the container is perfectly elastic.
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v" The molecules exert no force on each other except during impact which may be assumed to be of
negligible duration.

v There are suffficiently large numbers of molecules for the laws of statistic to be meaningfully
applied.

v' The sizes of molecules are negligible compare to their separation.

e

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, w, moving towards the wall X the x —
component of the momentum of the molecules is mu, 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 —mu,. The change m the x— component of the momentum is muy - - mu; = 2mu,,
The molecule has travelled a  distance 2L (to and fro). The time for the molecule © move o and from the
wall is 1 2L/u

2 1
The rate of change of momentum of the molecule due to the collision is 21‘2{'% = m—zl By Newton’s second
1

law, the rate of change of momentum is equal to the force exerted on the wall X

mu?

i.e Force on wall, F = 3

2 2
mui/L  mu , ;
35— = (area side x side= 1)

if there are N molecules in the container with x — components of velocity uy, uy us, ..., uy, then the total
pressure exerted on the wall will be given by

Therefore force per unit area, pressure P =

e 2 2
_E(UI +U2 + +uN)
m — ) + + . -
Therefore, P = T Nu? where u? 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
P2 <=3 5n= )

If the c is the resultant speed of a molecule whose x -, y —and z — components of velocity are

u, wandd respectively, then 2 =W +t ol +& == + R + P =L =02 + 2 + P
Since there are large number of molecules and are moving randomly, 12 = @? = & = 2 = %C_z_
Therefore,(+) becomes P = %pc_'z

(b)) P = -;-pf:_Z = slope of graph = gc_z. From the graph, slope = -9:%35%95- = 887 x 10* m?s—2

= %c_z =887 X 10* = 2 =3 x 887 X 10* = ¢, = V3 X 8.87 x 10% = 510 ms™?

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

Slope at temperature T is given by E’-Ufé;):]ﬂ =54 XA mPs
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Sl =3 X 54N S 402.7ms™?

a o _ [402.7)? B P
Now,2 = |2=T, = Cz) T, =T = (—sm ) x 300 = 187.0 K. Thus T= 1870 K <300 K
)
ik
N{v}
300K G, = most probable speed
—H00K C, = mean speed

Cs = 100t mean square speed

b _
N
r

L
&
o
B

v/ms ™
(d) See June 2003

(e) StressT

¥

v

Strain

) (i) Maximum energy= arca between the curve and the extension axis Area of one square 0.5x1 000
500 J .Approximate number of squares under the graph =16.5

Total area= 16.5 x 500J = 8250 J. therefore maximum energy= 8250 J
stress _ F/A [

s P b { !
(ii) Young’s modulus,= —=—-—=-X-=¢g=—.F =slope=—= ——  where the
strain e/t A e EA EA slopexA
o A ; -
area of the material is calculated as follows A =1 (;) where d is the diameter.

' Y
Intensity

c) @

: /\/\/\/ /\/\/\ :

(i) From the diagrar —34/¢ ~—2/d -3/d 0 A/d  2id  SA/d . 5 Angular separation
¥ - .

A A A N s O

=& DA 24 ZxSSx¥OC -3
.D—d == e 7.33 x 107 rad

(dy (1) (i) See June 2001

© @

v' The effect electrostatics force can be shielded while that of gravitational force cannot be shielded
v Electrostatic force is attractive or repulsive while gravitational force is only attractive.
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v" When elementary particles are considered, the electrostatic force is stronger than the gravitational force.
(i) :

v" Both of them obey the inverse square law

v" Both are action at a distance forces

v" Both field strength equal their negative potential gradient

GMm
U (R+h)
(i) On the surface of the earth, the potential of the earth is given by V = :%, while at a height h above
the surface, the potential is given by V = -é-g%—. The potential energy gained in lifting a mass m to a height h
above the surface of the earth is given by
- *3 =GM__ _ GM) _ 1 _ ¥\ _ GMmh _ GMmh 2%
iE=s Al = m(R+h R) = GMm - R+h) =TT R2(1+%) .Ash<« R, v 0, and one bas
the following relation U = WTTE ,but g = %- = U = gmh = mgh hence.
(i) If the space craft is o leave the earth completely, the initial kinetic energy should be equal to the
potential energy needed to take the space craft to infinity.
i.e,K.e =0— _,_‘Z{_’LE = ﬂ’:— butgR? =GM = K.e =Lfim = gRm

= K.c = 100 x 9.8 x 6.45 = 63 x 10°/
(iii) Ifthc energy is less, the space craft will move in an elliptical path. X the energy is is more, the space
crafr will escape from the earth, and the path will describe a hyperbola
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