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Write in soft pencil.
Do not use staples, paper clips, glue or correction fluid.
Write your name and Civics group on the Answer Sheet in the Spaces provided.

There are thirty questions in this paper. Answer all questions. For each question there are four
possible answers, A, B, C and D, _

Choose the one you consider correct and record your choice in soft pencil on the separate Answer
Sheet.

Each correct answer will score one mark. A mark will not be deducted for a wrong answer.

Any rough working should be done in this booklet.
The use of an approved scientific calculator is expected, where appropriate.

Do NOT open the bookiets until you are told to do so.
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Data

speed of light in free space
permeability of free space
permittivity of free space

elementary charge

the Planck constant

unified atomic mass constant
rest mass of electron

rest mass of proton

molar gas constant

the Avogadro constant

the Boltzmann constant
gravitational constant
acceleration of free fall

Formulae
uniformly accelerated motion

work done on / by a gas
hydrostatic pressure
gravitational potential

temperature

pressure of an ideal gas

mean translational kinetic energy of an ideal gas molecule

displacement of particle in s.h.m.

velocity of particle in s.h.m.

glectric current

resistors in series
resistors in parallel

electric potential
alternating current / voltage

magnetic flux density due to a long straight wire
magﬁetic flux density due to a flat circular coil

magnetic flux density due to a long solenoid

radioactive decay

decay constant
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Which of the foliowing expressions has the same S| base units as electric potential difference?

length x mass

A =
current x time

length x mass
current x (time)3

c Uength)? x mass
current x time -

D (length)? x mass
current x (time)3

A straight river is flowing from west to east with a speed 0.50 m s™. A man can swim in still waters
at aspeed 0.80 ms".

In which direction should the man swim to take the shortest path from the south bank to the north
bank?

A 39° east of north
B 51° east of north
C 39° west of north
D

51° west of north

The density of a steel ball was determined by measuring its mass and diameter. The mass was
measured within 1% and the diameter within 3%. The error in the calculated density of the steel
ball is at most

2%
4%
8%
10%

O o w >

A small object is thrown horizontally towards a vertical wail 1.2 m away. It hits the wall 0.8 m below
its initial horizontal level,

wall
1.2m

e
™

At what speed doeé the object hit the wali? (Neglect air resistance.)

A 2Zms! B 3Ims? C S5ms! D 7ms

[Turn over
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5 The graph shows how the velocity of a moving body varies with time.

2 velocity

0

¥

0 time

Which one of the displacement-time graphs below represents the same motion?

A B
} displacement } displacement
0 - 0
0 time 0 time
C D
4 displacement 4 displacement
0 P 0
0 time 0 time
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6 Twoboxes A and B of equal mass m are connected by two identical light springs and are placed

on a horizontal smooth surface. A horizontal force F is applied to box B so that the system is in
equilibrium.

if the appilied force Fis suddenly removed, what are the magnitudes of the acceleration of each
box at the instant when force Fis removed?

-

acceleration of box A acceleration of box B T
A zero F
m
B zero £
2m
c F F
2m m
D F F
m 2m N

7 Aballis at rest an the ground. The diagram shows three forces of equal magnitude.
R

F
The forces represented in the diagram are
W = weight of ball
= force by ball on ground
R = normal contact force by ground on bal|

Which row in the table shows Newton’s first and third laws being applied correctly?

r\ Newton'’s first law Newton's third law
A F=W R=F
B R=F W=~R
c W=R F=W
D W=R R=F
-

[Turn over
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6
A thin plastic bag is found to have a mass i1 when empty and pressed fiat. When the bag is
filled with air at atmospheric pressure and re-weighed on a weighing scale, the mass is again
found to be m.
What is the correct reason?
A The gravitational field strength is constant at 9.81 N kg™,
B The density of air inside and outside the bag is the same.

C The upthrust experienced by the flat and the inflated plastic bag is the same.

D The weight of the bag when flat and when inflated is the same.

A constant force is applied on a box resting on a frictionless surface. (Assuming air
resistance is negligible)

Which of the following graphs best represents the variation of power supplied with time?

A ' B

power power
0 G
time time
C D
power power
1]
time 0

time
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Two wooden cubes of masses 100 g and

7

25 g are placed at different positions from the

centre of a turntable. When the turntable rotates at a constant rate, both cubes remain at
the same positions on the turntable. The frictional force acting on each cube is

proportional to its weight.

What is the ratio of the distance from the centre of the turntable of the 100 g cube to that

of the 25 g cube?

A 0.25

cC 20

B 1.0

D 4.0

A simple pendulum is released from rest at A

What is the tension in the string when the
given that the mass of the bob is m and th

B

pendulum is at position B where the string is vertical,
e length of the penduium is £?

Diagram not to scale

A 0.87 mg B mg

A 1.0 kg mass is placed between two ma
between the two masses is 15.0 m.

C 1.27 mg D 2mg

sses of mass 9M and 4 respectively. The distance

If the net gravitational force due to the two masses on the 1.0 kg mass is zero, what is the

distance x?

(Diagram is not to scale)

A 30m B 40m

C 50m D 60m

[Turn over
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Object A is dropped into water inside a thermally insulated container of negligible heat capacity.
The object and water are then aliowed to come to thermal equilibrium.

The experiment is repeated with a different object, B. The two objects have the same mass and
initial temperature, and the mass and initial temperature of the water are the same in the two
experiments. For each of the experiments, the following graphs show the variation with time of

the temperatures of the object and the water.

Temperature : : Temperature
A ) A
\ ObjectiB
Vf ject A T
\\ ,’water
e
- [
“ water L
0 > .0 >
time time

If ¢4 and cg are the specific heat capacities of object A and object B respectively, what is the
reflationship between ¢, and ¢g ?

A C;Q:%CB B CA:105 C ca=3cCs D ca=9cg
3

The density of argon at a pressure of 1.00 x 10° Pa and at a temperature of 300 Kis
1.60 kg m™.
What is the root mean square speed of argon atoms at this temperature?

A 216 ms™! B 250ms™’ C 306 ms™ D 433ms™’

A particle oscillates with simple harmonic motior along a straight line with amplitude A. When

the displacement of the particle from its equilibrium position is g its speed is U
What is the speed of the particle when it passes the equilibrium position?

A B J2u C By D 4u

2U
3
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16 A mass oscillates vertically in water as shown in the figure below.

support

mass
water

The support vibrates with a driving frequency, which can be varied. Another similar setup is
used, with oil repiacing water.

Which graph best represents the variation with driving frequency of the amplitude of
oscillation of the mass?

A B
amplitude amplitude
F 3 F 3
oil water
water 1 oil
driving frequency driving frequency
C D
amplitude amplitude
A Jr
oil water
water oil
driving frequency driving frequency

[Turn over
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A satellite orbiting at a height of 500 km above the surface of the Earth, has two reflecting panels
separated by a distance of 5.00 m. The panels reflect light of wavelength 500 nm towards an
observer on the Earth’s surface.

The observer views the panels with a telescope that has an aperture diameter of 10.0 cm.
Assume that the paneis act as point sources of light for the observer.

Which of the following is correct?

Will the two images seen by the  Angular separation of two sources

observer be resolved? as measured from aperture / rad
A Yes 250 % 10°®
B Yes 1.00x 107°
C No 2.50 x 107®
D No 500x 107°

A narrow, parallel beam of unpolarised light of Intensity /, is directed towards three ideal
polarising filters.

The beam meets the first filter with its axis of polarisation vertical. The axis of polarisation of the
second filter is at an angle of 10° to the first filter. The third filter has its axis of polarisation
parallel to the second filter as shown.

00
unpolarised 10°

|Ight 10°

transmitted
light

The third filter is now turned and at 34° to the second filter. What is the intensity of the
transmitted light? ’

A 0.250, B 0.33/, Cc 05/ D /
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The diagram shows the path of a char

vertical field lines.

electric
field 'Jines\

What could give a path of this shape?

OCOo>

The graph shows the current-voltage (

What is the resistance of the component at potential difference V,
resistance change, if at all, when the potential difference increases

A positive charge travelling left to right in a fi
A positive charge traveiling right to left in a fi
A negative charge travelling right to left in a
A negative charge travelling left to right in a

f
F §

fy 77 e

I T T

11

L~

.

T path of

o

O Vo

-
»>

V5 v

resistance at Vv, resistance change from Vv,
- to V,
A v, -V, no change
e
B v, -V, decreases
4, =1,
C V, no change
iy
D vy decreases
II

_
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particie

eld directed downwards.
eld directed downwards.
field directed upwards.
field directed downwards.

ged particle through a uniform electric field, having

I-V} characteristic of an electrical component.

and how does the
from Vq to V42
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In the circuit shown, all the resistors are identical.

-1
O,
v, =
_A .
v, 1 | s NN l

The reading Viis 8.0 V and the reading V2is 1.0 V.
What is the reading V37
A 15V B 30V C 45V D 60V

Two wires each of length L are used to connect an a.c. power supply to a lamp. The a.c power
supply has a peak voitage of 12 V and negligible internal resistance.

The r.m.s potential difference across the lamp is 7.00 V. The r.m.s current in the wires is
2.50 A. Each wire is made of a metal of resistivity 1.70 x 10-* ¢ m and has a cross-sectional

area of 6.00 x 107" m2,
What is the length L of each wire?

A 105m B 21.0m C 353m D 588m
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23 A beam consists of two different particles X and Y. Initially of negligible energy, they are both
accelerated through the same potential difference V before entering a region with uniform
magnetic field of strength B. Particles X and Y exit from the magnetic field at distance ( and 2L
from the entry point respectively.

!

beam of charged xi electric field : uniform !
B i i .-

particies v 7 magnetic :

-— field, B ;

LY = ‘ |

.j L i

i

§

;
particle X /r—!r

i
I
i
i
particle Y e:

ax and gy are the mass to charge ratio of particles X ang Y respectively. Which of the following
is comrect?

A 20x=a'y

B ax=2ay
C 40'x=0'y
D Cfx=40'y

24 Two infinitely long straight conductors X and Y are placed parallel to each other. Each conductor
carries a current /. Point P is equidistant from either conductor.

X is fixed while Y is rotated about the axis ZZ' untit itis perpendicular to X and its current is oyt
of the plane of the paper.

Which of the following statements describing what happens during the rotation is incorrect?
A X experiences a force to the left that decreases to zero.

B The forces on X and Y are always equal in magnitude and opposite in direction.

C The resultant magnetic flux density at P decreases to a value that is /2 times the flux
density due to each wire at P.

D The resultant magnetic flux density at P decreases to a value that is equal to the flux density
due to either wire at P.

[Turn over
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A metal rod of length L and resistance per unit length r is placed on the parallel section of a
smooth conductor of negligible resistance. A uniform magnetic field B is directed
perpendictiarly into the paper.

metal rod

i

conductor | .~ i 1
_ ' ”

=
s Mf
[}
x
5
13
=
=
L
g
=
O
@

uniform _maéhféﬁc_ﬁéld '
into plane of paper . ..

. 1
The two parallel sections are separated by EL. An external force causes the metal rod to

slide at constant speed v.

Which expression gives the magnitude of the external force? '

A 3By B Biv
r r

C Bsz D BZLV
3r . 9r

A square coil of area 16.0 cm® and resistance 2.0 x 1072 2 is mounted with its plane horizontal.
The coil is situated in a magnetic field of strength 0.70 T directed downwards at 30° to the
plane of the coll.

coil

3

front view

0.70T

When the magnetic field is switched off, it decreases to zero at a uniform rate in 0.80 s.

What is the charge induced in the loop during the change in the magnetic field?

A 028C
B 048C
C 056C
D 096C
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27 In a photoeiectric experiment, the potential difference v that must be maintained between the
illuminated surface and the collector so as to just prevent any electrons from reaching the collector
is determined for different frequencies f of the incident light. The graph below is obtained.

Vo4

V1 """""""""""""" I"'_"“"/'/‘:/

ol ___ // : ——
0 fy f; f

What is the maximum kinetic energy of the electron emitted at frequency f,?

Vi

A hfy B hifi-f) C eVi-hfy D
’ f-] - fz

28 The figure shows the four lowest energy levels of a hydrogen atom. It is known that the wavelength
of visible light ranges from 400 nm to 700 nm.

n=4 -0.85 eV
n=3 ~-1.53 eV
n=2 —3.40 eV
n=-1 -13.6 eV

[Turn over
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29 X-ray tubes generate X-rays by accelerating electrons across a vacuum and bombarding them into

30

a metal target. The X-ray spectrum of a metal target is shown in the figure below.

intensity

'y

) - /1 -11
36 60 70 107 m

Which of the following statements is incorrect?

A The smallest wavelength detected, 36 x 107" m, is dependent on the maximum kinetic energy
of the electrons.

B The wavelength detected at 50 x 10°"" m is due to photon emitted as a result of energy loss
when an electron passes near the atom and its path is deflected.

C The locations of the peaks can be used to identify the element that the target material is made
of.

D The positions of the peaks allow us to calculate the energy of the electrons used to bombard
the target.

Two samples of radicactive nuclides X and Y are prepared. Y has twice the initial activity and
twice the half-life of X.

What is the ratio of the activity of X to Y after 6 half-lives of X7

A1 B 1 c 1
2 4 8 18
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2021 H2 Prelim Paper 1 Solutions:

D C__[D ( C G , B C
D_ D _ A D |A 7 B D
B A C D C B | D
1 D Units of electric potential'diﬂerence = Units of (work done / charge) = Units of (force x
displacement / (current x time))
S| base units of p.d. are N m/ (As)=kgm?s2A1g1= kgm? A-1 g8
2 C The shortest path is a perpendicular line between both banks such that
velocity of river relative
to bank (0.50 m i”}
velocity of
velocity of man relative
man relative to bank
‘to water
(0.80 ms™)
sin ¢ =0.50/0.80
1] =39
3 D v M
P=Tr= 3
Vo4 (g
3702
Ap  AM (/\d J
o M d
£x100%*~&ﬂx100%+3(£{{Jx100%
2 M d
=1+3(3) = 10%
4 C s5,=Ygk

0.8=1%(9.812
t=040s

Vx=12/040=30m g

Vy = gt=9.81(0.40) = 3.9 m s
v2=3.0°+ 3.92
v=49=5mg

OR Y2 mv? = % mu? + mgh
V2= 3.0% + 2(9.81)(0.8)
v=5mg

[Turn over
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C Velocity is positive throughout, except for when it is zero at midpoint. Hence, gradient of
displacement graph must be increasing throughout, except at midpoint when gradient is
zero. :

A Atequilibrium the two forces acting on A are equal and opposite. Same applies for B.

When Fis removed, B experiences a net force equal to F towards the left. A has not yet
experienced any net force as the initial tension on both sides have not changed.

B  Theweight ofthe air inside the bag is balanced by the upthrust which depends on the density

of air outside the bag.

C P=Fv

Since F is constant, a is constant

P=Fatect

B  Friction provides centripetal force for booth cubes.

f,_ mno’
f mye’
k{0.100g) (0.100)r,
k(0.0259) (0.025)r,

=1.0

Y |_r-;

D Letvbe the velocity of the ball at the bottom of the circle

Gain in ke = loss in gpe
Y% mv? =mg (L- Lcos 60°)
vi=lg

At the bottom:
T—mg =mv? /L = m{Lg)/l. = mg
T=2mg

D  Since net gravitational force is zero,

GMm _GM,m
r B r}
oM AM

15-x7 x°
3 —

15-x

Ix=30-2x

x=60m

2
X
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19
For water, (Agwater)expt B=3(A f)wafer)exptﬁ\

Gain in heat, Quwater Abwater = (Qwater)expl 8=3 (QWafer)exptA

- ~-Loss in heat for objects to water, Qs =3 Q,

For objects, 006—9—
Al
Co Qu A, 1 1

1
= —= —X —
Cp Qg AH, 3 9

P=13p <c?>
1.00 x 10° = 1/3 (1.60) <c?>
<c*> =1.86 x 10° m? g2

Crms = 433 m S:I
'Y
, U =af [Az —, A—H
4

Atdisplacement = 0, v? = 242

At displacement =

N

2
Therefore v=—"

V3

The oscillation experiences greater damping in oil than in water. Maximum amplitude
in of mass in glycerin will be smaller than that in water. Resonance in glycerin takes
place at a lower driving frequency than that in waler,

s=rp
o-5-_290 4 00x10°rad
r 500x10°

-8
Min angle of resolution g,, = £=£%0—2 = 5.00x10" rad
b 10.0x710

Images seen are resolved since angular separation between two sources is larger
than the min angle of resclution,

Using Malus’ law,
I, =1cos?10° = %JD cos’ 10°

{=1,c08%34°
where ¢ is the angle between the axes of
polarisation of the second and third filters

I=1,cos?34° =-;—10 cos” 10°cos? 34°
= %IU cos”10°cos? 34° ~ 0.33/,

[Turn over
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The path of the particle indicates that it experiences an upward force. A negatively
charged particle (e.g. an electron) in an electric field directed downwards experiences
an upward force. Here, the path of the particle is independent of the direction of travel
(eg, left to right), and not to be confused with magnetic forces.

Ratio of p.d. to current decreases from LR :'—1

‘0

V
A' B
v, T

Vi=10+10=20V

- ZRXKR _ 2
RAB*ZRH-?_B
3= —D — x80=30V

K+ R+ER

RMS voltage of supply = 12.0/v2 = 8.4V

p.d. across connecting wires =8.49-7.00= 143V
Total resistance of 2 wires Ry = 1.49/2.50 =0.594 ),
Resistance of 1 wire = 0.297

R =pl/A->L=RA/p=105m

In electric field

1 2
—mv© =gV
5 g

v - [2qV
m

In magnetic field,
electromagnetic force provides centripetal force
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29

E 2
Few = B! E = B E‘i £ = B LV
_ 3 r j\3 3r

21

Final resultant magnetic flux density =
! : y7u 2_ Ml
\(EEJ*(EJ) ‘ﬁ(zm}
-a(t4)-
B v Y
(s) k)

At constant speed, Feyq = Fy

_ABA _(Bsin30°)A
e T

0z :i@f:(BsinBO")A
R R

) (0.70 x sin30°)(16_0 x 10-“)
. (20x10°7)

=028 C

hf1 = hfo + KEmax
KEmax = hfy - hf,

The highest energy level the hydrogen atom can reachisn= 3
The following transitions and the corresponding wavelengths are:
A = he/E = [(6.63 x 10°4)(3.00 x 10%)/(1.60 x 10-"9)J/AE in eV
n=3ton=2:1=124x10"/3.40- 1.53) = 6.65 x 107" m (red)
n=3ton=11=124x10%/(13.6 - 153)=1.03x10"m
n=2ton=11=124x10%/136~ 340)=122x10"m

ifmax KE is 12.5 eV

The positions of the peaks are characteristic of the energy levels in the target metal.

www.testpapersfree.com
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oY - 2A0.X
Tu 2y 2Tv2,x
in2
T -t
_ 102X
A, = A, x€
7Tin2 ¢
_ 1525
AY - Ao,Ye
' n2 ; in2 '
: T - In2
A A € Tz Ao € Tz 1. _2Tn (812 1
x o . - 142X —
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2021 H2 Prelim Paper 1 Solutions:

C A D 1B C B
4 a5 T e AT 18 19 T Tag
D A B B B D 1D
A |C 1D jc A B B D D
1 D Units of electric potential difference = Units of (work done / charge) = Units of (force x

disptacement / (current X time))
S| base units of p.d. are Nm I{Asy=kgm?s2 A~ g = kg m? A~ g3
2 C The shortest path is a perpendicular line between both banks such that

velocity of river relative

to bank (0.50 mi)

velocity of
velocity of man relative
man relative to bank
to water
(0.80ms™

sin & = 0.50/0.80

0= 39°
3. D M oM
PV ey
_JI?_
3 2}
Ap _AM ;{M
yol M o

AQXmO%:ﬂmoo%;s[A—dem()%
o, M d

= 1+3(3) = 10%

4 C s,="Ygt
0.8 =% (9.81)12
t=040s

Vi =12/040=30m g

Vy =gt=8.81(0.40) = 3.9 m s
vi=302+392
v=49=5msg’

ORYamv? = % mu? + mgh
V2= 3.0% + 2(9.81)(0.8)
v=5ms!

5 € \Velocity is positive throughout, except for when it is zero at midpoint. Hence, gradient of

displacement graph must be increasing throughout, except at midpoint when gradient is
Zero.

www.testpapersfree.com




2
At equilibrium the two forces acting on A are equal and opposite. Same appilies for B.

When F is removed, B experiences a net force equal to F towards the left. A has not yet
experienced any net force as the initial tension on both sides have not changed.

The weight of the air inside the bag is balanced by the upthrust which depends on the density

of air outside the bag.

P=Fv

Since F is constant, a is constant
P= Fat « t

Friction provides centripetal force for booth cubes.
f_ mret
f

2

k{0.100g) (0.100)r,

k{0.025g) ~ (0.025)r,

2
M, rem

~

< =10
‘r2
Let v be the velocity of the ball at the bottom of the circle
Gain in ke = loss in gpe

%2 mv? = mg (L- Lcos 60°%)

v =Lg

At the bottom:
T-mg=mv:/L =m(Lg)/lL =mg
T=2mg

Since net gravitational force is zero,

GMm GM,m
nooon
oM 4aMm
5-x¥ x°
3 2

15-x x

3x=30-2x

x=6.0m
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3
A For'water, (A@water)exp{ﬂ =3 (Agwafer)expt,i\
Gain in heat. Quwater ABuwater = (Qwa!er)exptB =3 (Qwarer)exptA

~.Loss in heat for dbjects towater, Qs=30Q,

For objects, u::ocE
_ AQ
Ca_Qat0p 1 1 1
s s AG, 3 3 9

D P=13p<c
1.00 x 10° = 1/3 (1.60) <c?>
<¢?> = 1.86x 105 m? g2
Cms =433 m g

Y
A At displacement = g U2 = ot [AZ gLATH

Atdisplacement = 0, v2 = ;,2A?

“Therefore v = % u

B The oscillation experiences greater damping in oil than in water.

Maximum amplitude

in of mass in glycerin will be smalier than that in water. Resonance in glycerin takes

ptace at a lower driving frequency than that in water.

8 s=r@
0=3-_590 4 00x10%rad
r 500x10
)
Min angle of resolution 8, = £=M = 5.00x10° rad
b 10.0x10

Images seen are resolved since angular separation between two sources is farger

than the min angie of resolution.
B Using Malus' law,
I, =1,cos*10° = %ID cos® 10°

=1, cos” 34°
where ¢ is the angle between the axes of
polarisation of the second and third filters

I=1,cos* 34° =%10 cos® 10°cos? 34°

= 110 cos® 10°cos? 34° = 0.337,
2
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22

23

The path of the particle indicates that it experiences an upward force. A negatively
charged particle (e.g. an electron) in an electric field directed downwards experiences
an upward force. Here, the path of the particle is independent of the direction of travel
{eg, left to right), and not to be confused with magnetic forces.

4

. . v
Ratio of p.d. to current decreases from :’—” to TI
I 1

J

V. L
Vi=10+10=20V
_2RxR 2
Rae = S 7 =3
®
Vs = — xB80=30V *
R+ R+>

RMS voltage of supply = 12.0/¥2 =8.49V

p.d. across connecting wires = 8.49 -7.00=1.49V
Total resistance of 2 wires Ry = 1.49/2.50=0.594 (),

Resistance of 1 wire =0.297 £

R=pl/A— L=RA/p=105m

In electric field

1 2
—mv- =qV
5 q

v= |29V
m

In magnetic field,

etectromagnetic force provides centripetal force

Bgv = v
r
b ooV
rr\m
m B’
q 2V
—=r?
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27

28

29

Px _ (L)Z 1
o, 2L 4

Final resultant rﬁagnetic flux density =
) (25 -l 22)
2xd 2xd 27d
£ a{t4)
& B(%)V Bv

f:——-—_:

f(by) ) T

At constant speed, Foq = Fj

=)o -5

ABA (Bsin30”]A

£
ind t t

£

it mdt_(Bsin30°)A
=1 _—R? = 7

R
) (o.7oxsin30")(16.ox1o*‘)
h (2.0x10*3)

=028 C

hfy = hf, + KE pa
KEmax = hf1 - hfo

The highest energy level the hydrogen atom can reach is n = 3 jf max KE is 12.5 eV.

The followmg transitions and the corresponding wavelengths are:
A = he/E =[(6.63 x 10-#)(3.00 x 10%)/(1.60 x 10-'9)J/AE in eV
n=3ton=2i-124x 107 /(3.40 — 1.53) = 6.65 x 107 m (red)
n=3ton=1:1=124%x10"% {136 -1.53)=1.03x 10" m
n=2ton=131=124x10% (13.6-340)=122x10"m

The positions of the peaks are characteristic of the energy levels in the target metal.
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Ao,Y - 2AO,X
T1/2,Y = 27-1/2,,\(
B In2 ¢
Tirzx
AX_ o,Xe
n2
. t
- 142
A, =A e
_T.'nz . _Tmz !
1/2 X i2.X
AX _ Aa,Xe _ AO.Xe _18
= 2, mz2
Tt I 2
1527 142X
A e 2A, e
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