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7. (a) S = supporting force

(b)

(©

(1) S=mg =60x 10 =600 N

(i) S-mg = ma = S = mg-+ .qa
= 600 + 30 x 100
= 6 600N

As the supporting force is very large, the astronaut should lie down in a bed-shaped

seat to reduce the pressure by increasing the contact area.
(or to avoid the lack of blood flowing to the brain)

GM c m

(0 Gravitational P.E, =
. r

. . : . ‘wr m my=
Equation of circular motion : -

GMym  GM,m

- . £ +
E—‘ s 7 2r
- GM.m
N 2r
(iD) L
l .
I
!
0 2 - r
|
|
‘(7.'/7,2’7\. |
= Rz i

shapeof curve correct
curve takes a finite negative value at 7 = R,

(iif)  Atinfinity, £, = 0
Energy required = Z_ - £,

U
o
+
—
i

No. At a point in an orbit of radius r,

. GM ¢
acceleration due to gravity = 2 = 0,
r
GM_m’

, ' M ;
weight of the astronaut = - # 0 (m’ = mass of the astronaut)
=

The astronaut is ‘weightless’ because his weight (gravitational force) is
completely used for ceatripetal accsleration, thus there is wo supporting
force (i.e. the semsation of weight).

RESTRICTED FRzR=ciE
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3. (a)

(®)

(c)

(d)

(e)

®

violet (or blue)

v . A 420z 107

n 1.4
230107 m .
(N path differeace = 2 x 3 x |0}
=60x 10" m
(ot optical path difference = 2 x 1.4 x 3.0 x 107
=8.4x 10 m
- -3 .
(i) - path differeace = 29X 197 %/ = 200n
3.0 x 107
-3
(ot optical path differeace = 3_3__‘.19,_ = 200N)

4.2 x 107
‘. constructive tnterference occurs

Czutral bright spot is due to constructive interference.
Circular rings are due to slight variation in (opucal) path differeace
which depends ou the angie of viewing.

In (d), the reflected ray has a phase change of T (i.e. p.d. = N2) when
reflected from the coaring-glass boundary. .

In (e), the reflected ray has oo poase change when reflected from

the coatng-block boundary.

Hence a phase change of 7 is introduced due to rerlecton, dark area in
(d) becomes brnight area in (e) and vice versa.

RESTRICTED Fuisgh
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- Marks
9. (a) b represeats the ‘effective’ volume of the gas molecules
(or a constant related to the volume of the gas molecules) l
(b)  The attractive intermolecular force is negligible. 1
The repulsive intermolecular force cannot be neglected. (The equation
indicates a reduction in the volume in which the molecules can move.) 1
(c) (1) 5.0x 10%(V,-1x3.0x10% = 1x831x350 1
Vv, = 5.817 x 10° + 3.0 x 10
= 5.85x 107 ot l
.. aRT
i =
w2 Y - no
- 2 x 3.31 x 300 L
5.85x 107 -2 x 3.0 x 10”
= 8,6 x10°Pa l
(d) () T,, T, = initial temp. in compartments A, B respectively
T = final temp.
KBy = K.E., + K.E,y
( 3xCT =1xCT, +2xCT, (C = constant) ' l
Tle+2TZ
3
_ 350 = 2x 300 |
3
=317K t
M o= | -
- no
- 3z 831 x 317 |
2 x5.85 x 107 -3x30x 107
= 6.8x10° Pa : {
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Marking Scheme

0. (a (@

(i1)

(111)

® O

(i)

(i)

cA 29

. flux change (in one turn), Ag = (0.20 x 0.01) x 2

!

= 0.004 Wb

average emf, & = N2
As
= 100 x,‘06004

=4V

average curreat, [ =

&l >l

0.

(@]

8A (= 30 mA)

quantity of charge, Q = I
0.08 x 0.1
0.008 C

i

apgular frequency, w = 27f = |0x
flux, @ = 0.20 x 0.01 cos (1071)

smf, € = Nﬁ?.
d:

= -100 x 0.20 x 0.01 x 10+ sin (10xt)
= -6.28 sin (1071)

", current, [ = % = —.6_;%5 sin (10x7)
= -0,126 sin (101)
[ = __/3.
_ 0.126
3
= 0.089 A

2
average power = [, . R
0.089* x 50
=0.40 W

i
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[ (‘) Vou( = Vm
(i) D Use in high resistance voltmeters such as digital voltmeters

or ¢lectrometers.
(ID To match a high impedence source (0 a low impedence load
such as in current amptifier.

10 x 10° x 5.0
= 5.0x 107 C (=50 4O

il

1) irutial charge Q)

(i)  discharging current i = -%g
t
v = 2
in C
Vs = AouR)
-A
OR dr
And V,, = iR + Vo,
Q
= - A
= of
4Q Q

2 {1+ AgRC

Q d@ -\ r
e e e d
G [o T T T ARC fo

Q -

n = = ——
0, (I - ARC
T .
0 - Qo a(l - AgiRC
-10 x 3600
2 5.0x 107 10 7 107 x 2 X 10° x 10 x 107

= 4.91 x 107 C (= 45.1xC)

RESTRICTED RI&E3CHF
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Marking Scheme

12. (a) 0 U~ Th : a-particle
Th — Pa: B-particle

(i) §=,¢e°

half-life T), = 192

<

i~

71x108= 122
%

Y Jx
-_._l_n.._z_.._ x 10%
= ¢ Tl xt0f
e 9:763 x 1070 x 104

0.91 (or 91%)

[l

i

(b) (1) mass defect
= (235.043% u + 1.0087 u) - (90.9234 u + 141.9164 u = 3 x 1,00087 u)
= 236.0526 u - 125.3659 u
= 0.1867 u (= 0.3099 x 10%7 xg)

(if)  no. of U-235 nuclides split per second
4.00 x 1073
235.0439 z 1.66 x 107
1.025 x 10°0
". rate of egergy production
= 2 (0.1867 x 1.66 x 10777 x (3 x 108 -
= .025 x 10%%,x 2.789 x 107!}
= 2.36x 10° W

aq =

I

(c) Liquid/gas coolant absorbs leat as it flows around the reactor core. and
the thermal energy is transierred to water which is thea coaverted to steam.
The trdine of a generator s drivea by the steam (0 produce ejectricity.

a
[033

Marks
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p-1
Marks
1. (a) (i) At the zero mark. 11
(ii) Net force F = 2(kx)
= 2(24 x 0.06)
= 2.88 N 1
Acceleration a = %
- 2.88N
2kg
= 1.44 m s 1
Direction : to the right 13
(1ii) Attach a light cardboard to the trolley in a transverse 1
direction to the motion by using air damping. 1
or Attach a light metal plate to the trolley along the 1
direction of motion and normal to a transverse magnetic
field by using electromagnetic damping. 12
{b) (i) In place free from gravity ' 1
or. Inside a spacecraft orbiting the earth 11
(ii) Period T = 2w % 1
2
= 2n
2(2%)
= 1.28 s 12
(iii)
/s
"+" y-intercept 1
shape of curve correct 12

.28

-m/%}

) RESTRICTED AIRCHF
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94-AL-PHY 1A MS

p-2
. . Marks
2. (a) (i) (ii)
eyepiece
objective lens
object P ~
ho Q\ . / .
' T T L)
2+1
| Fo Fe £ Fe
| / 3
|
, \7
! final /
: image ) -~ /
T 2
P ~ == 4
| ’_,/'f;’
| ~ —
[ =
l P -
=
(iii) Linear magnification = hheelj;;ghhtt:ffoi}:;aegcet 1
A icati - Vvisual angle of the image
ngular magnification visual angle of the object 12
(iv) Without microscope, visual angle of the object a =
h
With microscope, visual angle of the image f = 3' 1
, {fication = B = M
.. angular magnification = T 12
(b) (1) All the light from the objective lens (or the object) would
pass through X. 1
The image is then brightest 1
and the field of view is greatest. 13
(ii) Matching the beam to the diameter of the pupil. 11
3. (a) Gravitational force is always attractive. (Work has to be done
to bring an object from any point outside the planet to infinity) 11
(b) (i) AP.E. = 2000 x (62.53 - 55.58) x 10° J 1
= 1.39 x 10" g 12
2
(ii) . mv Gmfi
r re
= 1 .2 _ GmM 1
k.e. .imv -
= ZS?B x (55.58 x 10%) J
= 5.558 x 10" J 3
(c) k.e. at surface = p.e. gained 1
.%mv’ =m (62.53 x 10°)
v = 11.2 km s’ 12

RESTRICTED ARtk
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3.

(d)

(a)

(b)

(1)

(ii)

(1)

(ii)

(1)

RESTRICTED REXF

Gravitational field

L]

- potential gradient
(55.66 ~ 55.50) x 10°

"

8 N kg'! or 8 m g2 (£ 0.5 N kg™)

4

Gravitational potential a.%, Gravitational field :x‘%
r

. . . 62.53\?
J.gravitational field at surface 8
g = f X lvrEs

= 10 N kg (% 0.5 N kg™)

GM
- L = -55.58 x 10°
(R, + 8 x 10°)
GM
—.ﬁl = -62,53 x 10°

P
On solving, R, = 6.40 x 10°m
Gravitational field strength at the surface

GM, _ [GM, 1
R: R, R,

=62.53x100x 1
.40 % 10°

= 9.8 N kg™

The potential of the sphere_&s raised (or lowered) by
1 V when a charge of 5 x 10  C is added to it.

(1)

———————

(1I1) Due to the negatively induced charges on the plate
nearby, the potential of the sphere is lowered.

As C = %, .. capacitance is increased.

or Separation between sphere and plate is closer
than before, .. capacitance is increased.

To ensure the capacitor is uncharged initially.

or To discharge the capacitor completely.

(ii)

(iii)

(iv)

T
N

[y
f

R is first set to its maximum value with a suitable reading 1

on the microammeter and then
decrease its resistance gradually.

CRO/high resistance voltmeter/
electrometer/digital voltmeter

6V
60 A
100 k@

(1) R =

It

(60 uA) (80 s8)
4800 uC

Q . 4800

v -4
1200 wF
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p.4
; ; - Marks
5. (a) (i) min. wavelength XA,, = 1.2 x 10 m 1
max. energy of X-ray photons = NC . (6.6 x 107 (3 x 10%)
~ 1.2 x 107"
- =1.65 x 10" J 12
-4
(11) v = 1.65x10"J
1.6 x 10% ¢
= 103 kv 11
(iii)
Relative
Intensity R
i
t lower intensity/
AT lines correctly
(. AN located 1
Il y. \\
v, 1 same Ay, 12
e
. ! o
178 i
4
0
2 4 6  Wavelength/10™"' m
(b) n = no. of e striking the target per second
n (1.65 x 10™) x 0.995 = 600 1
n = 3.65 x 10'¢ 12
(c) Continuous spectrum - some electrons are stopped by the target
and their k.e. is converted directly to X-rays (Bremsstrahlung/
braking radiation). 1
The bombarding electron may be brought to rest in one or more
collisions in which they give up energy gradually, thus emitted
photons are of different wavelengths. 1

Line spectrum - some bombarding electrons have sufficient energy
to dislodge the inner electrons of a target atom, leaving a vacant 1
space in the shell, as electrons of upper shells fill the vacancy,

photons of definite frequencies are emitted. 1 4
(d) X~-rays are emitted when the high energy electrons from the cathode
of the TV are stopped. 1
Method : reduce the accelerating potential 1
or use lead-glass for screen to absorb the X-rays 12

RESTRICTED AWER=CiF
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RESTRICTED RER3Ti¥F

6. (a) (i) The fringe separation (or fringe width) increases.
(ii) This grating has more slits but
the slit separatign is the same as the first one.
(b) (L)
collimator . telescope
e (] )
lamp . -
Cross-
o wires
platform
(ii) apply d sin 6 = n)
( I . /
1st line : 1684 sin [|+34°22 5 45°4°] = 2
A\ = 588.6 nm
( /. '
2nd line : 1684 sin |134°26 . 45°35] = 2),
A\; = 589.3 nm
(iii) The two yellow lines may not be distinguished if their
angular separation is small.
or Larger diffraction angle corresponds to smaller
measurement error.
7. (a) (i) The charges on L will be lost if the laboratory is humid.
(ii) Wood/plastic - any good insulators.
(b) (i) downwards
(i1)
to‘—’ S
terminal
metal
plate

lever

50 mm L =
*——i'* A W
= — pivot

metal
plate

light
C rod
to “+

terminal

RESTRICTED AERCHF
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7. (c)

(d)

p.2

Marks

(i) ,
e A G
L MINE : ; :
....... o » i
ottt f
.- z
. ¥ i
g ) ’
4 atneus st SEILLEELSILISIIELL 3
: . . :
PN A i P
AT 4 ) e
; L | =
A VA - ]
4 y AN ¢
VA }
it | J.r H
;/l.l\ : : .
1% 8.4 1 : i
....... e i ;
T Q7/ % v
o1 / : 1 f
L VAN i
¢ : i
0.2 H |
AT ¥
; ] {
i : :
4l !
7 i ;‘;
i > i) T ///KV
740 10 3 |
. i i i
i H
i

axes labelled with appropriate scales
points correctly plotted
correct graph : straight line through origin

0.72 x 10 - 0
3.2x10° -0
= 2,25 x 107 N V!
As the metal plate I lies at the central position between
the parallel plates, electric field E is assumed uniform,

(ii) Slope m =

‘'E = % and F = QE (A(‘Ll’)t Omj t‘rlu:f "((T\SO"’W‘I(Q l«‘\SSMi’T{M})
. - v
T F = Q.a
So slope = .g = 2.25 x 107
— 2 _ =2.25x 107
50 x 107
Q0 =1.13 x 10¢% ¢

Attach a mirror at the mid-point of the lever to reflect a fine
light beam onto a screen, so the horizontal position of the lever
is adjusted with increased accuracy.

Place a spirit-level on the lever to adjust its horizontal
position with increased accuracy.

RESTRICTED RIn=<ris
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8.

(a)

(b)

(a)

(b)

(c)

(d)

(1)

RESTRICTED PIEBsCiE

It is the (back) e.m.f. induced in the coil per unit rate 1

of change of current in the coil (i.e. L = __E
g (i.e i
) dt
Qr The flux linkage through the coil per unit current 11
passing the coil (i.e. L = %)
(ii) Resistance is frequency independent but inductive 1
reactance depends on frequency.
or Resistance dissipates power but inductive reactance 11
does not. -
(1) The inductor has zero resistance. 11
(ii) Phase difference = .f% X 2m
¢ = %’ (or 60°)
Y1 (for applied voltage) leads y, (for current) by ¢. 12
(iii) 2nfL = R tan 60° z 1
o s
L = 32%%%%%;9_ Ju}L phasor diagram 1
= 1.1 H 3
Rz Qoen -
(iv) Voltage of the supply,
Vf.n'Ll. = Il‘.m.l. z 1
= (50 x 107%) (400)
= 20V 12
(or V,pn, cos 60° = I, R)
H would be smaller. 1
As the number of ‘particles’ decreases, the volume occupied would
decrease. 12
Increasing the rotating speed of the motor makes the pellets 1
move faster, so increases the rate of momentum change and the 1
frequency of collision, resulting in a bigger force/pressure. 13
~ pellets occupy finite volume while ideal gas molecules
do not occupy volume 1
- intermolecular forces exist between pellets but not
ANY for ideal gas molecules 1
THREE | - pellets collide inelastically but ideal gas molecules
collide elastically 1
- energy has to be supplied to pellets but not for ideal
gas molecules 1 3
. - 1
(1) As P = NKT (7) 1
2.2x10% - 1.1x10?
. slope of the graph = NKT = 1
P grap $Sx10° - 2.5x10°
= 0.044 N m
ol = 3KT
§ m.
- 3NKT
Nm
= 3 x 0.044 1
0.01
= 3.6 m g’ 14
(ii) No, since there is also air of 1 atm inside the cylinder 1
which balances the air pressure on the other side of the
piston. 12

RESTRICTED RzR=ci -
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94-AL-PHY 1B MS p-4
Marks
10. (a)
( - Infinite input impedance (draws no current from the 1
input supply
ANY - Zero output impedance (transfers full voltage to a 1
TWO load)
- Infinite open-loop gain 1
- Infinite band width of frequency response 12
(b) Since current between V_ and V. is negligible, V. and V, are at 1
nearly the same potential,
so V, = V. =V_ =20V 12
(c) (i) I, = 3 = 0.3 mA 11
A "1_0 =
- .. - 4 =
(i1i) JIg = >0 mA = 0.2 mA
I = (0.3 - 0.2) ma 0.1 mAa 1
Current flows from X to 2 12
(d) Vo = = (0.1 mA) (50 kQ) 1
= ~ 5V 12
(e) (1)
f'w#v;] .
P
[AY4
correct shape 1
' - , correct scale 1 2
—
¥ . :
(ii)
A S ;

RESTRICTED AR iE

correct shape 1
correct scale 1 2
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95~AL-PHY 1A MS
Marks
1. (a) 0.1 x 10 = k x 0.05
k =20 N m' 11
. _ m
(b) (i) T = 21r\ % 1
- 0.1
>l 70
= 0.44 s 12
(ii) Apply ¥ = -w’x
Since downward acceleration of the pan should not
exceed g,
X, = -wA 1
20 k
-10 = - W = Z
U.IA ( m
A = 0.05 m (or 5 cm) 13
(iii) (I) Amplitude, A = .9_'10_;9:_93 m
= 0.02 m (or 2 cm) 11
(I1) P.E., + P.E., + K.E. = 0.109 J 1
P.E._+ 0.1 x 10 x 0.06 + 0 = 0.109 J
P.E. (max) = 0.049 J 12
(c) The period remains at 0.44 s as T depends on m and k
but not g. 1
The maximum amplitude becomes smaller as g is smaller. 12
2 (a) upwards/positive y-direction 11
(b)
2
electron
=
2
(c) Change in electric potential energy = change in k.e. 1
= [4(9 x 10%")(5 x 10%% - %(9 x 107)(3 x 10%9?%*) J
= 7.2 x 10 g : _ 12
(d) vi=vl+ vf
(5 x 10%)2 = (3 x 10%)2 + vj
v,=4x10°ms" 1
. v, - u
a, =0 . acceleration = a, = 2 _2 1
t
= 4x10°-0ms.2
5 x 10°®
=8 x 10” m s? 13

95-AL-PHY 1A-2
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(f)

3. (a)

(b)

(<)

()

(e)

95-AL-PHY IA-3

Marks
X = V.t
= (3 x 10%(5 x 10%) m
= 0.15 m 1
y = [_Q_V’ - u’] t
6
= (4" 1§ *0_) (5 x 10%) m
= 0.1m 1
y = ka t?
= %(8 x 10%) (5 x 10%)2 m
= 0.1m 12
F, and a, remain zero, 1
so t = 5x10% s unchanged. 1
E =.§ doubled, F, and a,6 doubled, 1
so y = %a,t* doubled and equals 0.2 m 14
magnetic field 11
X
//,(//?\ A7 AN
O - ’)'m’/// /// )'. z 2
/ ! // ////
Pl
/
V4
y
2
The rod should be parallel to the x-axis (vertical), 1
so that the electric field of the e.m. wave sets the
electrons into oscillations alcng the rod. 12
(1) The signal received by the antenna decreases much
(or no signal), 1
as the grid absorbs most of the incident e.m. waves. 12
(ii) The signal received by the antenna remains unchanged. 1
Practically no induced emf/current occurs in the
conducting wires, as the grid does not absorb the e.m.
waves. 12
The plane circular lcop should be placed on an x-z plane, 1
so that maximum rate of change of flux occurs through the
loop. 12
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95-AL-PHY 1A MS

(b)

(c)

(d)
(e)

95-AL-PHY 1A4

A induced e:m.f.

0 —» time

Total thermal energy = I?R At
%) = %)

1]

R v
_ 2BW’va

R
gravitational potential energy
(i) weight = magnetic force

mg = IbB
25,2

(ii) Total thermal energy = EgigﬁlLf

= 2 BbI a

= 2 mg a

or

Total thermal energy
mg (2a) .
2 mg a

WO 3Bk }

Marks

[N

|

lost in gravitational p.e.
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Marks

2 o T s T - :
e L A e e e 2 M e B EASEaE =
, ——— - T s it i
AR T [ IR T 9 I N
2 S e —
2 I it : : : -t ’ =
: — s P 2 — s -
v 5 . o i I
‘ . L— ettt <y — Pt et
_”Af' _ ' i 11;..1;.'5 et bt
B —— e mE = S
; 1 o : : s
;‘.‘ T S 7:"\ i T {'»: B
) S s : —
=1 = I i A i —
— E I B : e T
: ; ; : ! ———— P S A 0 A
- * i 7 1 B 3 T . . s o1
T TUTTIRZAMS T T I o - IR
o) le0 260 300 0 180 280 340
@R2 4
(b) (1) voltage across R, V., = (6 - 0.2) V
= 5.8 V (or 6 V) 1
v
1= = __ 58 g
R, 1.5 x 10°
= 3.87 x 10% A (or 4 x 107 Bn) 1
I -3
IB=_B£_3.87xlO a
= 4.83 x 10% A (or 5 x 10% A) 13
v, -V -
(ii) R, = i BE _ 1 0.5 1
Iy 4.83 x 1073
= 10.4 x 10° @ (or 10 x 10° Q) 12
(c) (1) Optimal bias voltage should be 0.75 V
R, _ 6 -0.75 1
R, T 0.75 -
ii) Voltage gain o= ER‘
3
Av, = 80 x 2:5 %10 5. 24 1
10.4 x 10°
= 2.77 V (or 2.88 V) 12

95-AL-PHY IA-5
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14 €,A
6. (a) (1) E = _5 and €| = _%_
E 1y
’ t,A °
- 3.70 x 1071° v
[¢]
8.85 x 10712 (0.25)%
= 669 V,
(ii) By (a)(i) 3 x 10% = 669 Vv,
vV, = 4485 V
1 Qs
i = ___ CHy = -
(b) (i) € = and G =
€ _ Q _ 0.60
T o 0.12
C
2 =5
<y
(.LJ.) Q1 = Cy x 500, O = Cy x 500
After removing mica,
/ /
(*y o/ =ev! (9 =0, =0/,
Total charges conserved,
0 + O =
500 ¢; + 500 ¢, =
500 €, + 500(5C;) =
Q’'=
v’ =
v o=
(c) - to keep the plates apart
ANY -~ to raise the capacitance
TWO
7. (a) hard/flat

(b)

- W eaw ¥ wWwws- R & Al
‘ i

Marks

(as charge is proportional to

output current)

0" + 0
20

20’

1500 ¢,

1500 (3.70 x 10710y ¢
5.55 x 107 ¢

1500 ¢; (by (*))
1500 V

- to reduce the chance of electric breakdown (so
that a large potential difference can be used)

adjust the position of the reflecting plate R such that

the microphone M detects alternating maximum and minimum
signals when moving between the loudspeaker and the plate.
Finely adjust the position of R until the microphone X
detects little or no signal at the minimum positions.

Note

(c)

(1)

95-AL-PHY IB-2

: If little or no multiple reflection occurs,

stationary waves always exist without any shifting

of the position of R.

Wavelength A/cm Period T/ms
13.9 0.40 -
11.8 0.34
9.8 0.28
7.9 0.22
6.1 0.16

A= EE&Z_%EEEE x 2 cm
= 13.9 cm

-

1

)

oo

[ES

N
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N

o
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7- ()

(d)

95-AL-PHY IB-3

(or far away from walls)

Note : Multiple reflections from the benc :nd the CRO
cannot be avoided even if the expe:r ~=-nt is
performed outdoors.

|w

(M)

[

=

Marks
(i)
/Cm::;;':f:z; ApEERER
RN EREE 2 : : b
M X
A
Y
i / i
12 Ry
7
LN YA
: gty
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: PO, W i :
b +— A ‘ \ — v
5;15 i RN }
i AR ' AR
: T Yl ;
[N A ! | Al H
1 A T | v T < F
IRYAREE Al i i } B
! : b i % : 1 e
4 5 S . i L 2
' R ; T -
; —
2 . — ‘
i
et f i
T S L o I I S T e N R R R T TS
: e
© 0.1 0.2 03 o4 o5 /
axes labelled with appropriate scales ) 1
points correctly plotted 1
correct graph : straight line (not passing through the
origin when extrapolated) 1
(iii) Aas v = £fA => A = vT
slope = v = 0.122 - 0.054 m sl 1
(0.35 - 0.14) x 1073
= 324 m sl 1
(iv) Points plotted would be very crowded if frequencies
of uniform intervals were used (as T = .%). 1
(v) There exists systematic error in the measurement of
wavelength (positions of M) by the metre rule or/and
in the readings of the frequencies of the signal
generator. 1
Less reflections from walls or nearby objects. 1
Surround the apparatus with soft/sound-absorbing materials. 1

N
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(b)

9. (a)

(b)

(c)

95-AL-PHY IB-4

APIRFARPE 5 TUR LAVIILGZWWY VJL Vil
Marks
(i) (I) Voltmeter reading increases and ammeter reading
remains constant (or decreases slightly). 1
(II) Voltmeter reading remains constant (or increases
slightly) and ammeter reading decreases. 12
(ii) (I) His choice is right as the order of magnitude of
the resistance is about 10° ~ 10* which is much 1
greater than that of the ammeter. 1
(I1) Calculated value of R = __,_E____
0.8 x 107
= 7 500 Q
True value of R = 7 500 @ - 20 Q = 7480 Q 13
(i) 0-2V to 0-5V
0 -100 to O - 100 Q 11
(ii) E =V + Ir =>V = -Ir + E 1
~ emf E = y-intercept = 1.6 V 1
internal resistance r = - slope = 4 Q 13
. E \?
(iii) Maximum power = ( ) r
r+r
E2
= 1
4r
E:
Efficiency = .___fii___ x 100% 1
£
(———) E
r +r
= 50% 13
(1) energy required = area under the graph from
3 x 10°mto 9 x 10° m
= %(9.6 x 10")[(9 - 3) x 10" J 1
= 2.88 x 10" J 12
(ii) Work done by external agent to reduce the
separation from 3 x 10" m to 2.88 x 10" m
= %(14.4 x 10'°)[(3 - 2.88) x 10%) J
= 8.64 x 107 J 1
. potential energy = -2.88 x 10" + 8.64 x 107 g
= -2.80 x 10" g 12
(1) Interatomic ‘spring’ constant, ’
Kk = [9.6 ~ (-14.4)] x 107" N m- 1
{3.08 - 2.88] x 107"
= 120 N m'
Young modulus, E = .§
- 120 Pa
3 x 10°°
= 4 x 10" Pa - 12
-10
(ii) Breaking stress = _g;giijfL_ Pa 1
(3 x 1072
= 1.07 x 10" Pa 12
Copper is more stiff (larger Young modulus). 1
Copper is less strong (smaller breaking stress). 12
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10. (a)

(b)

()

(d)

(e)

95-AL-PHY IB-5

Marks
. 1In 2
A=
(+) )
2
in 2 -1
— = __ year 1
1.3 x 10°
= 5.33 x 10" year! (or 1.69 x 107 s 12
(i1) The decay constant of a radioactive isotope is the
fraction of the total number of active nuclei
present which decays in unit time. 2 2
A = A, e™
1.6 = 4.8 e—5.33x10"‘t 1
t = 2.06 x 10° years (or 6.50 x 10% s) 12
- The number of undecayed/active nuclei present. 1
- The decay constant (or half-1life) of the radioactive
isotope (i.e. the stability of the radioactive isotope) 12
The magnitude of the binding energy of “K is smaller than
that of “Ar and 1
energy is released when ®K decays to “aAr. 12

As the decay rate is small, the contribution from the
background radiation is significant. 1
(or the fluctuation due to random variation is large.)

(=]
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(i)

(iii)

® O
(i)

scarne CI{HSYERLARE  FOR TEACHERS' USE ONLY ©

Horizontal : vt=135 — @ ]
Vertical : 0.40-0.15= %(10):2 —@

@->® : v=60ms’
Loss in p.e. = gainin k.e.
m (10)(0.4) = -;—m(v} -v2)
v, =67ms"
uniform acceleration/deceleration shown

correct slope (from C to D and from D to E)
correct shape

£vy/m s’

—
—

The spinning ball drags the surrounding air during its flight, the air flow at side 4 is

slower than that at side B.

According to Bernoulli’s principle, the pressure at 4 is greater than that at B and

a sideways force acting towards side B results.

path of flight

fiZ2E] FOR TEACHERS' USE ONLY e
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96-AL-PHY TA Marking Scheme

2. (@
®)
3 (a)
®)

i) T,=T,=5N

2

50/7{0.6x1073

=———T‘/A’=>s.9x101°= ( )
e /1 e /08

= e, =5.1 x 10* m (extension of the aluminium wire)

Similarly, e;=8.7 x 10™ m (extension of the brass wire)
. 4 (87-51)x107*
@Gi) O=sin” ——uL
14
=2.6 x 10™ rad (or 0.015°)

(iii) Toward 4, with the aluminium wire in a greater tension.

i T/4,=22x10° and T,/4;=4.7x 10°
T1=22x10° x® (0.6 x10%) and T,=4.7x 10° x 7 (0.4 x 1073
=249N =236 N
2494236
J. Iax. mass = ———————
10
=48.5kg

(il)  Taking moment about A4,
485xd=236x 1.4
d=0.68m

Part of
wavefront

Poliea car Loﬁy

f waves (P"' Second)

V—u -

)

—

—» v ¢ ¢—e

Blice car Lon}

f waves CP‘( stcong )

£ = 330-u _330-u
7 1000
, 33044
fr=2
330+u 330+u
- = 1000
S =0 35000
. . 330-u
(i) =330+a’

330+u 330-u
Af = " _ " _
=1 [330—1{ 330+qu

1320u

200 = —=——x 1000
3307 —u?
u=166ms"

‘Red shift” of the light emitted from distant stars/galaxies.
Stars/galaries emit light which is similar to that from the stars/sun in our galaxy but

with wavelengths in the observed spectrum shifted towards the red end (longer wavelengths).
This suggests distant stars/galaxies are moving away from us according to Doppler effect.

sonmvns APEEIZE]  FOR TEACHERS’ USE ONLY
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4. @ @) pV=nRT
0.2x10°(04)=1x831xT 1
T=960K 1 2
.. 04
i) 3Y——r 1
W 602 x10%
=87x10°m 1 2
(b)  As the separation between the helium atoms (~10® m in (a)(ii)) is almost hundred times 1
the atomic diameter (~107'°m), the short range intermolecular forces are negligible. 1 2
©) (i) AtoB=0] 1
5
BtoC= inf)ﬁx (06— 04)
= 6000 J 1
CtoAd = (0.2 x 10% (0.4 - 0.6)
= -4000 J 1 3
(i1)
pV = -:};- Nmc?
1 3. 3
N(= ==pV 1
( 5 e ) 5P
= % (02 x10°)(0.4)
=120007J 1 2
(iliy Q=AU+W
=0 +2000J 1
=2000J 1 2

96-AL-PHY 1A-4 Rf?@ﬂﬁﬁ%ﬁﬂ FOR TEACHERé; llQFnMI v
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Marks
5. (a) (i) Peak voltage V'=6.5 V 1
1
Frequency f=——m—o—
Y I 25x1073
=100 Hz 1 2
(i) £
Ve v v 2 2
_ 1
(1) tan 0 =
_ 1
27(100)4.7 x 1076 (110)
6 = 72° 1 2
(iv) Va=Vcos8 1
=€.5 cos 72°
=20V 1 2
(v) 1cm
i ] ot
lem 7] y2¥ T
3 \ : i1\
\ i A Val
1 \
\ \ i
f \X Fi Il \ f
2
AY ) Jd ) \l \ {
\ \
/ Y
)Y L 3\ ¥4
\
/ A
\
2
. 14
) () Peak current /= - 1
' R? + (oL -—)2
( mc)
1 . |14
WhenVL=VcorcoL=—C—,cunentlsmaxmum(Im=E . 1
w
For other values of L, the current is smaller than the maximum one. 2
1
l L = e———
(i) o oC
- 1 1
[27(100)]4.7x 1078
=0.54 H 1 2

FBR#EHZE  FOR TEACHERS’ USE ONLY

96-AL-PHY IA-5
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6. @@ @ Decrease. 1
Since the weight is greater than the tension so as to provide
an unbalanced force for the acceleration. 1 2
(i) a=ro @=0.02a) — @ 1
mg-T=ma (30-T=3a)—Q 1
Tr=1Io 0.02 T=Io) ~—- @ 1 3
® O
1st 2nd 3rd 4th 5th 6th
10 periods | 10 periods | 10 periods | 10 periods | 10 periods | 10 periods
AB/rad 0.31 0.37 0.41 0.46 0.51 0.55
o/rad s’ 3.1 3.7 4.1 4.6 5.1 5.5 1 1
(ii)  axis labelled with appropriate scales 1
points correctly plotted 1
correct graph (best straight line) 1
g ’ a
85 ;
L0
45 ; !
70 3
40 .
3.5 - —
‘,T -
i s H
3.0 Hotid - T : s :
o) o1 o 0.3 04 ‘ o5 06 'tim?/s
51-31
iii Slope=oa = 1
(1) P 0.4 :
=50rads” 1
As a=0.020=0.10ms? (by D)
& 30-T=3x0.10 by @)
T=297N 1
& 0.02x297=7Ix50 (by ®) ‘
I=0.119 kg m* 1
(c) The flywheel ensures the smooth/steady running of the car as 1
it stores kinetic energy when explosion takes place inside a cylinder and releases
kinetic energy in between those explosions. 1 2

searivi2 EI{HIIEHZ2RY FOR TEACHERS' USE ONLY
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96-AL-PHY IB Marking Scheme

7. (a)
(®)
96-AL-PHY IB-3

@)

When S is closed, current starts to flow in the coil and produces magnetic flux.
Thus a change/increase of flux linkage occurs through the ring.

By Lenz Law, an induced e.m.f./current is created in the ring so as to oppose the
change and therefore it jumps up momentarily.

However, when the current reaches its steady value, no change of flux results and
the ring falls back.

(ii)  The ring will float in air.
Magnetic levitation of, say, a train.
(Note : The underlying Principles for the experiment is very complicated, therefore
the explanation in (i) should not be used directly in (ii).)
(i) Rate of increase in internal energy
_ 78x(40-25)
50
=237s"
@ 107
w @D
0
A5
y
——-
bar magnet
()  Work done by the student in pushing the magnet.
(1) - Move the magnet more quickly.
- Use more than one magnet (with the same pole facing the coil or a
ANY stronger magnet
THREE - Use a coil with more turns
- Insert a soft iron in the coil
{give 1 mark for one or two correct answers)
|
N

BREEFSE FOR TEACHERS’ USE ONLY

Marks
1
1
13
12
1
12
11
2

2
11
2 2
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8. (a)

simple current
balance rider

flat solenoid

insulator
B
1
1
® @ F = I¢B
-7
=1(0'2)41t><10 x 600 x J 1
05
=3.0x10"P 12
(i) 10"x10=3.0x 10* 2 1
I =18A ' 1 2
’ ©) - Avoid overheating of the wires and keep the current constant, therefore the current
should be switched off after a reading is taken 2
ANY - Arm CD should be perpendicular to the magnetic field in the solenoid, otherwise
ONE the force acting on CD becomes //Bsin®. 2
- Arm CD should be along N-S direction so as to minimize the effects of the earth’s
magnetic field 2 2
(Accept any other reasonable answers)
(d)  Yes. When the direction of the a.c. changes, the magnetic field in the solenoid changes 1
accordingly, making the direction of the magnetic force on arm CD remains downward. 1 2
(e) The calculated value of 7 is smaller than the actual value because the magnetic field 1
, NI
strength at arm CD is less than that suggested by the formula u°—1— . I 2

ALty B4 CI{HAEEZARE  EOR TEACHERS! [ 1o Mii'v
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9. (@)

®

©

@

(e)

10.  (a)

®

©

)

The minimum energy/work done for liberating an electron from the surface of a metal.

Part of the energy gained by an electron from a photon is lost through a number of collisions
with the surrounding electrons/ions.

) h% =Kepa + @
8
663x 1073 SX10° K.€.mm + 2.21 x 1.60 x 101°

230x107°
Kenx= 5.11x 10" J(0r3.19eV)

() eVi=ke
v = 311x 1071°

160x 107"
=319V

Energy supplied per second =3 x (8.0 x 107%)?

=1.92x10%7J
8
Energy of cach photon = 6.63 x 10% x —<10__
230x 107
=8.65x 107%°J
-3
-. No. of photoelectrons emitted per second = 192x107 S
865x10
=222 x 10"

Stopping potential would increase as the energy of each photon increases,

the maximum k.e. of the photoelectrons emitted increases.

The number of photoelectrons emitted per second would decrease since intensity is constant
and each photon has more energy, the number of photons arrive per second decreases.

The heater supplies energy to the cathode so that the free electrons in the cathode have
enough energy to escape from the cathode by thermionic emission.

1) The kinetic energy of the electron is greater than or equal to the first excitation energy
of xenon.

Gy 70V

To ensure that the electron, having lost kinetic energy in an inelastic collision, is carried
back to G; and this is indicated by a drop in the current.

The electron gains kinetic energy from its electric potential energy during its acceleration;
part of which is then lost in an inelastic collision with a xenon atom and
the remaining energy is for overcoming the negative p.d. between G and 4.

carnes QTR FOR TEACHERS' USE ONLY
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1. (@ T,=k(e+x) and Ty=k(e-x)

Equation of motion : -y -T)=mxXx
mx+2kx=0 or mx +20x=0
as xa -x, ..s.h.m. .

® O .
potential energy 4
3
0 0.2 0.4 0.6 0.8 time / s
(i) T=04s
As 0l = %
n
2n 2 _ &
¢ T ) m
2n 2 _ 2
(0.4) T m
m=0.08 kg
© @ unchanged
(ii)  unchanged
2. (@) Microwaves/radiowaves
® O
plate

>k

source \
1

,}\
(ii) ch\ \ \

sourcc

e

Waves are diffracted at the edge of the plate and therefore reach the shadow
behind the plate.

97-AL-PHY IA-2
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© O
(ii)

3 @ O
(ii)

® O

(i1)

(iii)
97-AL-PHY 1A-3

p— 3 dol A= I EE]

Speed of S' =40 m s
a/=f'-f=~s
40

=-—————3 ys: x 10'°
X

1300 Hz

The change in frequency (i.e. the beat frequency) is very small (~10° ) compared
with the frequency of the waves (~10'%), therefcre if the frequency of the reflected
waves is to be measured, the instrument should be accurate at least up to the 7th

digit.

T=ke
=9.6 x 10 (21 x 0.01)
=603 N

Work done = energy stored

=% (9.6 x 10%) (2n x 0.01)?
=1.897

Consider the wave along 4B, v = \/__i
n

_ 603
64x107%/036
=184 ms’"
So v=/4
184 = £(0.36 x 2)
f =256Hz

- transverse Vs longitudinal
- stationary Vs travelling
- different specds/wavelengths

Rt T'ranfIir-mees

FOR TEACHERS’ USE ONLY
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4 @ O
(i)

® O
(i)

(iii)

97-AL-PHY IA4

The CRO of practically infinite resistance rcads the e.m.f. of the cells (4.5 V).
However, the voltmeter only reads the p.d. across PQ as there is current flowing in

the circuit, some of the p.d. drops across the 10-k<2 resistor.

R_ -4
4.5xRV+10 .

R, =1025kQ
Reading : 4.5V

Let r be the resistance of the coil and I¢ its current

Consider the shunt, 0.1 = (50 x 10 - Jc) (9.8 x 10° + 200)
Ic =40 pA

For the coil, 0.1=40x10%r
r=25k0Q

(10 - 2.5) =50 x 10° x R,
Ry =150 kQ

{

Short circuit the input terminals and adjust the rheostat until the pointer indicates

full-scale deflection to the right.

FOR TEACHERS’ USE ONLY

o . .
— Input terminals

- Marks

1

1

1 3

1

1 3

1

1

1

1 4
_ 1

1 2

2

1 3
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97-AL-PHY TA Marking Scheme

5. (@)  The back e.m.f induced in the inductor per unit rate of change of current.

® o When there is a change of current, back em.f. g, = -L% is produced by the

inductor, , therefore only part of the applied p.d. is used for driving the current.
dl
V=IR+L-—
( » )

Gi) Atr=0s, v=r%

dt
-3
9=1_ 10x 10
2x1073
L=18H
(ili) At steady state, V=IR
9=500x10>R
R=18Q
@iv)
current/mA
500t ——————-—-——— —,F-L—-——,B ¢
2 ¢’

| 1
| |
! 1
! l
i !
| l
| |
| |
| |
l |
{ |
' |

/\/

2500 3000 time/ms

© & The energy stored in the magnetic field of the inductor.
(i) Yo L P =Y, CI?

1.8 (500 x 107)? = C (350)?
C=36uF

97-AL-PHY 1A-5
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97-AL-PHY IB Marking Scheme

6 (a)
()

7. @)

97-AL-PHY IB-

(i)

(iii)

(i1

(iii)

(i1)
(iii)

The electric field of the waves vibrates on ccrtam plancs vertical planes
containing the aerial in this case.

When the antenna is vertical i.e. parallel to. the acrial, the signal received is
maximum; however it decreases to a minimum when the antenna is rotated till it
is horizontal. The plane-polarized nature of the waves is dcmonstrated implying
that the waves must be transverse.

The waves reflected from the plate to the antenna suffers a phasc change of =,
destructive interference occurs between the direct and reflected waves reaching the
antenna. Therefore the microammeter reading decreases.

When alternating currents (of various frequencies) flow in coil L', e.m.f.’s of the
same frequencies can be induced in L by mutual induction.

Although the currents in the aerial coil induce currents of various frequencies in
coil L, only the current with frequency equals the resonant frequency of the LC

circuit can develop a large p.d. (at that frequency) across C.

Resistance of coil L can be minimized so that the rcceptlon is better as the
resonant current at.the wanted frequency increases.

As the capacitor charges up (OT), voltage across it increases (Vo =%— 1) therefore

.. V-V
the e.m.f. for driving the current decreases, so % c =7l

The charges stored in the capacitor.

1/ mA
80

70

60

50

40

30 AN

>
20 \

10 =

D4R FOR TEACHERS! USE ONLY-:
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o o Pt/ kY

ff'sr't‘r'eu

(i)  The strip deflects to the right and the extent of deflection remains unchanged
when moving the strip between the plates.
This is because the electric field is constant between the plates.

(iit)  unchanged.

High frequency

alternating p.d

+V
ijD'f
_V :

4 narrow gap of
1 ncgligible width

2
my

(i) qvB =

»
qBr

m

As the force on the proton is perpendicular to its motion, no work is done on the
proton.

. nr
(i) Time = —
v

=7 (i) which is constant
gB

® () 2(Ex10kV)=20keV

(ii)  No. of revolutions required = Sorav =50 rev

Time required = 50 (2 x 1‘-;’3-’) by (a) (iii))
q
7 x 166 x 10727

160x 1071 x 15
=217x10%s

= 100

97-AL-PT =

HEHETZ22E FOR TEACHERS’ USE ONLY
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9. @ Vou=Ao(V:-V.)
V.- V-.% =1.5x10% Vor 150 pV

® O
(ii)

© O
(i)

10. (@ @)
(ii)

(iii)

® O

97-AL-PHY IB4

1

Vie Vot

o o OV

As the open-loop gain is very large (infinite for an ideal op amp), the two input
terminals are nearly at the same potential

ie. Va =Vix V.= Vou

- used as a buffer between a high impedance (low current) circuit and a low
impedance (high current) circuit (e.g. electrometer)

When it is dark, most of the p.d. drops across the LDR as its resistance is higher
than that of the 50-kQ rheostat, so Vy < Vx and LED is off as V. is negative.
When it is bright, resistance of LDR decreases, p.d. across the 50-kQ) rheostat
increases until Vy > Vy, LED is on as V,, becomes positive.

5V
resistance of LDR is 10 kQ
Riteonat/ 10 kQ =30 kQ/15 kQ
R,-h,_,o.m =20kQ

When d <7 mm, absorption of P rays incrcases with d.
For d > 7 mm, nearly all p rays are absorbed but the aluminum plates have little or
no effect on v rays.

1.5+0.1 mm

The penetrating power of a-particles is very weak, most arc stopped by the
absorber plates.

The ‘corrected’ count rates (V') are obtained by deducting the background count
rate from the count rates (V) taken.

It

(1]
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(ii) d/ mm 1 2 3 4 5 6 7
N/s! 28.0 | 248 | 220 | 200 | 182 | 16.8 | 157
In NV 333 | 3.21 | 3.09 | 3:00 | 290 | 2.82 | 275

WERERR
) i
N
34 |
: B
TR
: >
3.3
o oo
P & i
3.0
.9
2.8 :
27 i mEE .
0 / 2 3 4 5 ¢ 7 dfam
286-314
1ii Slope = =— 77
W Slope = =——=
=-0.1 mm"
InNV=-01d+342
or N =31 04
97-AL-P

OEME2E  FOR TEACHERS’ USE ONLY
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1. (a) ON
® O
(1)
© ©
(i)
2. (a) (i)
(i)
® O
(i)

98-AL-PHY IA-6

,_ GM;

g 2
.

_GM; R
RE

(6.4x10%)?

(6.4x10° +6x10°)?
=84 Nkg'

=10

84 =

7x10°
v=76x10°ms"
And T= 2%

v
_ 2n(7x10%)

7.6x10°
S7x10°s

It

_OMem L
r 2
-GM m +l GMgm (- GMm _ my?
r 2 r rl r
-GM gm
2r

E

E:

)

E=

By (c) (i), the shuttle should decrease its speed so that E becomes
more negative, that is » decreases accordingly and the shuttle spirals
into an orbit of smaller radius.

Gravitational p.e. becomes elastic p.e. at D -
mgh=50x10x40
=2x10%J

Elastic p.e. = —:lz—loc2

2% 10% = %k(ZS)Z

k=64Nm"
AB : free falling, only gravitational force acting.

BC : both mg (downwards) & T (upwards) acting, mg > T. }
CD : both mg & T acting, mg <T.

equilibrium position : 22 ~ 23 m from the bridge
amplitude : 17~ 18 m

FOR TEACHERS’ USE ONLY
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(ii) o*= L3 1
m
® =J§i =1.13rad s
50
- .1 1 2=
Time taken fromCtoDis — T= — () 1
4 4 o
_ 1 2n
2513 S
\ =1.39s 1 3
3. @ i)
-~
4.5cm /\/&
p: 2
A o B
2
. 4,45
i =sin” (== ™
® ( 5.0)
=64.2°, 1 1
© _ sin 64.2°
n= — 1
sin 28.6°
=1.88 1 2
c
@ A== )
_ _3x10®
5.4x10M
=5.55x10"m
i
= Lo
2 glass
-7
1.88 = 5.55x10
A pass
Agass =2.95%x10"m . i 3™
(e By n, sin i =n, sinr . 1
1.33 sin 64.2°= 1.88 sin r
r=39.6° 1
The light ray would not intersect the diameter AOB before it leaves the glass
sphere as the angle of refraction r is greater than ~ PB4 = 32.1°. 1 3
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@

®)

©

=
Marks
6V. 1
It remains unchanged at 6 V. 1
()  Constant potential on the two strips due to zero resistance . 1
Resistance increases uniformly in the region between the strips,
therefore potential rises uniformly. 1
.. |4
(iD 7
-5
0.08 1
=75V m'or0.75 Vem (upwards, from B, to 4,) ) 1+1
(iii) .
/
Ocm 4 4 4
A/ I _
i : = <V> voltmeter
A 4 + 5.
o— 5 R
- -
7 4 Probe 7
g 4
o IW/ 0000 —— carbon paper
BI Bo B 1
\ silver sti'ip
®
VIV
6
Es 2
TTo 234 506 T 87910 kem
(i) AsE= % ,E T as d ! (i.e. potential gradient increases) 2

98-AL-PHY IA-8
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5. (@ (i)  massdefect, Am = 1744
934
=0.1867u
0.1867 =235.0439 — (141.9164 + 90.9234 + 2m,)
. m_=1.0087 u
4
(i)  No.of U-235 nuclei = 1.0x10 =
235.0439x1.66x10~
=2.563 x 107

Energy released = 2.563 x 10” x 174.4 MeV
=4.47 x 10 MeV (or 7.15 x 10" MJ)

4.47x10% x1.6x107"9x0.4
: 500
=5.72x 10°s (or 1.59 x 10® hr or 6620 days or 18.1 yr)

(iii)

(iv)  The percentage of U-235 in the fuel rods will decrease with time.
Chain reaction cannot be maintained when the concentration of U-235
in the fuel rods falls below a certain value.

) Insert all the boron-steel/control rods into the reactor core
50 as to absorb the neutrons.

[y

98-AL-PHY IA-9
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Marks
6. (a)  mass of liquid column = p (4h) _. 1
) _ pAhg
. pressure y ‘ 1 2
=pgh
® (@) px-pr=pgh 1
. = 1200 x 10 x 0.03
‘ =360 Nm™ 1 2
@)  Px+2PW=py+ = pw
X 2 X Y 2 Y
1 .
Px—Px= 59("\{1“’:(2) 1
360 = é— x 1200 x (0.8 —v,?)
vx=0.2ms" - 1
And Ax=ﬁ x4x10° 1
0.2 . :
= 1.6 x 10* m* 1. 4. ..
(iit) Rate of work done = (px — py) 4Ax vy 1
=360x1.6x10*x0.2 -
=0.012W 1 2
() High speed, reduced pressure
2
Low speed,increased pressure
The velocity of air flow is faster at the upper side than at the lower side of 1
the aircraft wing. According to Bernoulli’s principle, the pressure and 1
hence the force is greater at the lower side of the aircraft wing. 4
7. (@ () B=pnl e=I.R ' 1
d(BA)
=I.R
dt ¢ ‘ 1
dlg
nA ——=[-R
Ho p c
1
4 x 107 100 (0.01) Imax. =0.01 x 10%x 100
0.45 0.04
I.=143A 1 4
ai) - neglect the inductance of the coil
- cotil is placed at the centre of the solenoid _ ANY
- coils of the solenoid are closely packed T™WO
- magnetic ficld strength is uniform over the area of the coil
- coil is not placed near the two ends of the solenoid @l 2 2

98-AL-PHY 1B—6
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Marks
i) A e T s
B H '“: A T L - .........
SR e
0.01 o o]
IR ~ LT
gl 2
0 0.04 - 0.08
(b) To minimize the inductance of the connecting wires. 1
(©) @ 0.01pA , , .
(i) 2pv
8. (@) nb=27x 103 . 1
056=27x10°
b=5.4x10"(m’ mol™) :
(b) AU= UA - UC
3
=—=nR(T\-T¢) .
2
= % (0.5)(8.31) (310 - 80) -
=14301J : .
. _ nRT
© @ pa s
_ (0.5)8.31)(310) .
(16-2.7)x107% : 1
=96.8x 10° Nm™ ' 1
&  pc=455x10°Nm? - . ' 1
ii .
( ) ?/t /05/‘/ m-l
ﬁ\
8 A
ey — — — .
Y B \ 2
M- — —— — —
b |
I ' -5 3
Y 2 4 - 6 é I;) 2 4 16 g v/‘lo m
(i) Work done by the gas=455x10°x (16-10)x 10°* =~ - » 1
=273 . o 1
O | AU=W+Q ' :
1430=-273 + Q 1
0=17031 1

98-AL-PHY 1B-7
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9. @ (@
(i)

(iii)

® O
(i)

(iii)

10. @ @)

(i)

(iii)

98-AL-PHY 1B-8

8oV

08V

2.5

11= —
T
p=528

To filter away the steady/constant/d.c. component of the signal.
16
16+125
=091V

S Vps15-091=0.59V
(Accept other answers for considering the coupling effect.)

biasing input voltage = 8 x

tension

axis of rotation

So, loss in p.e. = gain in linear k.e + gain in rotational k.c.

mgs = %mgs + gain in rotational k.e. (by @)

Thus gain in rotational k.e. = %mgs

All forces acting on the disc are vertical (i.e. no horizontal forces).

FOR TEACHERS’ USE ONLY
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Marks
® @
P B
=1 Q -
I
N 11
N
LN
N 187}
d
N
V.| M,
] p
N [
n T
Y
<
ka
X
=
LAY}
u
V! N
i
r.
v 1A
A
¥

Axes labelled with appropriate scales

Points correctly plotted
Correct graph (best straight line)
(ii) s=lar2 slo e=la
~32= 08-0 _1 a.
025-0 2
a=64ms?

By(a) (i), a=

W

g = g=9.6Nkg’

98-AL-PHY IB-9



- OR#MEIZHE FOR TEACHERS’ USE ONLY

1. (@ 4.6%0.1cm

(b)  Avoid the formation of bubbles adhering the ball bearings,
which will affect the volume measured.
Or Tilting the measuring cylinder and let the bearings run along the wall of the cylinder.
Or Avoid the splashing of water when putting the bearings into the cylinder.

(c) (i) vernier calipers
(i)  density = ———>
volume

25.00x1073

3
ﬂ(___9.40>2<10 )24.6x10"2

= 7830 kg m*

(iii) % uncertainty in p = % uncertainty in mass + % uncertainty in volume

0.01 . 100% +2x293 100% + -1 x 100%
25.00 9.40 Y3

=0.04% + 1% + 2%
=3%
(d Use micrometer screw gauge to measure the diameter of the ball bearings.

-3
Average diameter of ball bearings = 2( 717(—9-'-‘-10—;&)2 4.6x1072 20 +§ m)

[y

=6.73 x 10° m or 6.73 mm

% uncertainty in volume = 3x g—g% x100% = 0.4%

99-AL-PHY 1A-6
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Marks
2. @@ () 3, 1L 19 1
(ii) A=5cm i
1
/= 2x10x107°
=50 kHz 1
v=f 2
= 50x10* x 5x10? 1
=2500ms’ I
(b) (i) A compression is reflected as a compression at the bench surface. 1
(ii)
microphone

signal
generator

7 bench P =

Y
.\\\\\\\\\1.\\\\\3\\\\\ NNV LLNNNNY
1.2m

1//

For a certain point along PQ, the sound waves coming directly from the

loudspeaker interfere with those reflected from the bench. Due to the path 1
difference between the waves, constructive interference and destructive

interference occur alternately as the path difference changes. I 3

(i) path difference A = {122 +(1.1+0.5)? =122 +(1.1-0.5)’ I+

=0.658 m
A =4 =0.658 1
A =0.165m
v=fA
=2x10% x 0.165
=330 ms?! 1

99.AL-PHY 1A-7
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Marks
3 (a)
51 X X X X X
X X X X
X X X X
prot:m x x Xx X X 2
X X x x X
X X X X X
b Vo= < mv
® O gh=om |
2
As quB="" 1
-
my
"= —
qB
p=m|20%
gBY m
2mV,
d: 2r= .2.. m7o 1
BY g
For a proton, d=0.18 m 1
(i) Time taken 7= z 1
v
mm my . -
=— r=—in(i
pr (by pr ®) 1
_ xx1.67x1077
1.6x107" x0.05
=0.66 ps (or 6.6 x 107 s) 1
(© As de—E, ]
q
4 _|m .FL
d, 9:
9__
0.1
m=4m, 1
4
Nucleus X is a helium nucleus (2 He) or an a -particie. (Deduction should be consistent 1

with the result calculated.)

99-AL-PHY 1A-8
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Marks
@ @ Gain= -~
a i ain= ——
4 R,
15 R 2
5  10kQ !
R;=30kQ 1
(ii) The circuit amplifies the input signal linearly by 3 times and 1+1
with a change of sign, i.e. a negative feedback inverting amplifier. 1
R 12-4.5
® T as !
R=25kQ 1
(c) @) Vp=55Vand Vy=45V 1
For V,, < V4 =4.5 V, Op amp 2 gives a high output that makes LED Y light up 1
For V,,> V,=15.5 V, Op amp 1 gives a high output that makes LED X light up. 1
(ii) I5kQ:R :R,=45:1:65 1
R,=33kQ 1
R, =217k 1
5. (a) a -source 1
- normally the source can hardly enter the body and it is harmful only when it has entered 1
the body
- short range with low activity and the source is sealed, therefore it is safe in normal use i
(b) @) I,=2000x5x10*x 1.6 x 107" 1
=1.6x10" A 1
Dust or air particles may carry away some of the ions. 1
(ii) I=1¢e" 1
5x107% = 1.6x107"" e¥'m 1
k=0.116 yr'
t = 1[_!_2_
5k
-z
0116

=5.96 yr (or 1.88x10%s)

99-AL-PHY 1A-9



HIRMETER

1 1
1+37 a+9H?
C ° [+

1 f
-9 a+H?
c [+

a+3)
[+

]
(1-3?)?
c

= 7a+3) (@ H?-0)
c c

® O

(i)

(iii)

(iv)

99-AL-PHY 1B-7

" When the satellite is close to the tracking station, its direction of motion (or

velocity) makes an angle with the line joining the satellite and the station. The
Doppler effect is thus due to the component of its velocity, which varies.

A= T -A=f<1+§)—/;
Af= [T -fi=f(1- -:-)—L

Aﬁ—Az;:Zf-:-
v

7000 — 2000 =2 (100 x 10%) 3
3x10

v=7500m s

7500

By @, 7000 = 100 x 10°(1 + T
3x10

£,=99.9955 MHz

. )

)=/

No, it is only the velocity ‘observed’ from the tracking station, the rotation of the
earth together with the tracking station is not taken into account.

FOR TEACHERS’ USE ONLY
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1 2
2 2
1

1

1 3
1

1 2
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Marks
7. (@) (i) A : frictional force, B : normal reaction, C : weight 1
Force C (weight) 1 2
(ii) The ball bearing is initially at rest and all the forces acting on it are on a vertical
plane. 2 2
5 5x10
Gip w?=22-22 |
7R 7x0.15
w=69rads*
r=2 1
' ©
= E
6.9
=0091s 1 3
(iv) The hollow sphere has a greater moment of inertia, so for the same loss in 1
potential energy, its speed of rotation and thus the linear speed when passing the 1
centre of the lens are smaller than those of the bearing. | 3
(b) (i) Force acting on the platform
A
0 » Time
ANA 2
N IRAVARVARV/
2
(ii) When the downward acceleration of the platform is equal to (or greater than) the
gravitational acceleration, the slotted weight will lose contact with the platform
(normal reaction = zero) I
Maximum acceleration =w* 4 =g 1
Cryd=¢g
1 10
S 1
T 1.5x1072
=4.1Hz ! 4
(iii) /o remains unchanged as the acceleration is independent of mass. 1+1 2

99-AL-PHY 1B-8
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8 @ - O
(ii)

(b) ®

(i)

99-AL-PHY 1B-9

At low frequency, the reactance of C and hence the impedance of the circuit is
high so the ammeter reading is small.
As frequency increases, both the reactance of C and the impedance of the circuit

decrease so the ammeter reading increases.

(D 7= —=———=05ms

time base = 0.125 ms per cm

Vi leads ¥, by 180° x —-=72° (or 2% or —)
10 5
(or using cos 6 = i)
g 13

M)  rms of V= —

V2

=28V

13
rms.of Vo= —
V2

=92V

Either peak value correct
Able to find r.m.s. values
Correct r.m.s. values

1
oC

I tan 72° =
(1) R

_ 1
27(2000)(5.5) tan 72°

=47 uF

At low frequency, bulb ¥ lights up while bulb X is dim as the reactance of L is

low but that of C is high.
As frequency increases, bulb X glows gradually and bulb Y decreases in

brightness.

At resonance (1 kHz), large and nearly equal currents flow through C and L
approximately at antiphase, therefore the total current through bulb Z is very

small.

FOR TEACHERS’ USE ONLY

Marks
1
1
13
]
1
1+1

4
I
1
I3
1
1
3
1
1
13
2
1 3
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_ —GM,
Rg

. @ O

=—GME.

RE
R;1

=-10 x 6400 x 10°
= —6.4x10" J kg
Gi)  V.=0Jkg'
Minimum energy perkg =0-(-6.4x10")

=6.4x10"J

(b) 1989 N1 is too close to Neptune that it is lost in the glare of the reflected sunlight from

Neptune.

or 1989 N1 and Neptune cannot be resolved when observed from earth.

©) @) Orbits of the satellites are circular.

Or Assume Neptune is stationary.
Or Neglect the gravitational pull of nearby planets/satellites.

Marks

(ii) |T°me 177 64 90

56

50

1P/10° km? 3.99x10° 1.45x10% 2.16x10°

1.25x10°

1.12x10*

99-AL-PHY 1B-10
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Marks
© G
% i 1 ! . 7 11 T - r]l' 7117
g anw : T
3 T :
Y'a/lom km' T -
1
% 4
4.0 :
Il - A
)
3.0 T HH ' manm Bt
T : V o
i .
2.0 ‘
i ' j
: < 1
.o v
4
nards
o i -t T :
4&"' t % Y pab e lrz
It T 1 1175 131 L 11
Appropriate quantities are chosen for plotting the graph 1
Points correctly plotted 1
Correct graph (best straight line) 1
2.90x10% -0
slope = —_— 1
125x(3600)* -0
= 1.79x10" (m’ s?) (or 2.32x10" km® hr?)
.. slope = -QM2-= 1.79x10" 1
4x
= L79x10M xdx?
6.7x107"!
= 1.05x10* kg 1 6

99-AL-PHY 1B-I!
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1 (a)
TN
7 g N
y N\
/ \
/ \
/ \
(oad sign \\
1| - \
—~~~
=~ \
5m ~ \ramp
| =X oo
< 30m >
()  wucosb =30 1 mark for at least one equation correct

0 = usin® - gr 2 marks if all equations correct

(usinB)* — 2g(5) =0

Onsolving, (Du=31.6ms™

(ii)6=18.4°
(iyr=1s
c
© F=ma (or F:;=lmu2 —lmulz)
2 2
-8000 = 1000 a
a=~8ms?

And v=1w*+2as
31.6%=u? + 2 (-8)(39)
;=403 ms™!

(d)  The car in fact took a parabolic path due to gravity.

The actual angle of projection should be greater than 9.5°, consequently the above relation
would give an over-estimated value of u.

2000-AL-PHY [A-7
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pan

action on pan

(b) (Rest or) uniform motion

© (m+ M)g-T=(m+ Mya

& T-Mg=Ma
mg
m+2M
=0.32ms?
& T=Mg+Ma
=1.55N

On solving, a=

d By V=u¥+2as
V¢ = 2(0.32)(0.36)
v=048 ms’!

(e) At equilibrium,

mg = kx,
0.01x10=4 x,

tension

reaction on m,

m, %
weight of pan weight of m,

} (or mg = (m +2M)a)

x;=0.025 m below O

k
m+2M

For s.h.m,, o=

4
_\/o.onzxo.ls

=3.6rads’

2000-AL-PHY 1A-8
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©
(d)

O]
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Ensure that the full range of discharging current and therefore discharging time is obtained.

- uncertainty in starting the stop watch

- uncertainty in the readings of current ANY
- uncertainty in the readings of time TWO
- uncertainty due to the tolerance of the resistor @l

- uncertainty due to the resistance of the microammeter
Reduce the random error in the readings taken.

V=IR
=50x 10°x 100 x 10°
= 5 V (minimum value)

Therefore the e.m.f. of battery is 6 V.

-t

) In7=—9.4 x 1077 - 9.9 (compared with 1 =1I,¢%C )
slope = =L - 94x10?
" RC
C =106 x 10°F

(i)  Time constant RC =100 x 10’ x 106 x 10
=10.6s<<60s

The charging time is much greater than the time constant so the capacitor can be
considered as fully charged.

(iii)  y-intercept less negative (larger initial current)
or steeper slope (more negative)

2000-AL-PHY 1A-9
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Marks
1



b W=pPAV
=10°x 1.2
=1.2 x 10* J (or 120 kJ)

(©) (i) Initially, P, ¥y =n,RT for the gas inside the cylinder.
After inflating one balloon, P, ¥,=n,RT in the cylinder
P, Vy=n,RT in the balloon
Since ne=n,+n,
PoVo=P, Vo+ PV,
Potb _ 10°x12

A P|=P,— P,= =
A PI=Po— P, v, 0.5

=24 x 10°Pa

(i)  After inflating & balloons, P, Vy=P, ¥V, -k P, V)

Po=Po—k (255 10 x 108
VO
16 x 10° ~ k (2.4 x 10%) > 10 x 10°
k<25

Therefore at most 2 balloons should be inflated.

(d) Work has to be done against the atmospheric pressure as well as the intermolecular forces
between the gas molecules, therefore by the conservation of energy heat is transferred from the
surroundings into the cylinder.

2000-AL-PHY 1A-10

QERMEER FOR TEACHERS’ USE ONLY



(@
()

©

~ Pk =X Bl & FOR TEACHERS’ USE ONLY

voltage follower

At the beginning when the p.d. between the metal can and the sample increases, more ions
migrate to the opposite electrodes per unit time, ionization current increases, p.d. across the
resistor also increases.

When the p.d. is éreatcr than ~20 V, all the ions produced in unit time would be collected by
the can or sample.

The p.d. across the resistor is saturated as further increase in applied p.d. would not increase
the ionization current.

) mass defect = 238.0508 - (234.0436 + 4.0026) = 0.0046 u
energy released = 0.0046 x 934

=4.30 (MeV)
3
(i)  Saturated ionization current = —701%190—
=70 x 10127
70x10"12

number of positive ions produced =

1.6x107"°
=4.38 x 10* (ionizations per second)

(iii)  energy needed to produce 4.38 x 10* jonizations
=438 x10°x30
=131 x 10*MeV

4
activity = E‘l‘% = 3050 (disintegrations per second)

Assumption : - all « particles emitted have undergone ionization.
or - nearly all the energy released in the decay goes to the « particle

(iv) No. -
- The ionization power of B particles is very weak.
- The B particles emitted do not Possess the same amount of energy. ANY
- The penetrating power of B particles is high/ range of B particles is long. J TWO -

2000-AL-PHY 1A-11
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6. (a)

® () @ V= VWi’

v2.002 —1.80?

0.87 V (r.m.s.)

{n VM.=1(L) & Vx=1IR
oC

a1

VR oCR
1.80

0.87x2nx100x10> x10x10>
=33x10°F
C,= £ . 1.1 x 10 Fm™
3.0

iy @ Zero
Iy X =ol

At 100kHz X; =2nx 100 x 10> x 107=0.06 Q m"!
At 1MHz X, =2nx1x10°x107=0.6 Qm"'

1 MHz is better since the order of magnitude of X, is comparable to that of the
resistor.

2000-AL-PHY 1B-7
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@

-7
Gi) B= 4nx107"x5( 1 1
2n 0.02 0.07

=36x10°T
(iii)  Hall probe.

(b) (i) Steédy d.c. would produce a static magnetic field which would easily mix up with the
earth’s magnetic field. . ‘

Even with large d.c. current the B-field produced is weak and is therefore difficult to
detect.

iy @ The CRO trace represents the induced e.m.f. in the search coil and it is
proportional to the peak value of the sinusoidal B-field produced by the wires.

- The search coil detects alternating B-field. Therefore the earth’s field is not
detected.

- Measureable induced e.m.f. can be produced by increasing the frequency even
with relatively small current.

(II) - the length of the wire should be as long as possible ~ 2 m N

- the two wires should be well away from any magnetic materials
- set-up should be well away from any stray fields, such as those

from mains socket ANY
- twist the two connecting wires } TWO
- adjust the orientation of the coil so that the peak-to-peak value @t

of the trace on the CRO is maximum
- avoid placing the coil near the ends of the wires J
(Accept any other reasonable answers)

2000-AL-PHY 1B-8
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(i)  Magnetic force acting on a moving electron, F = Bev
Electrons migrate to ¥, making there more negative, an E-field is set up across XY
Electrons also experience the electric force, Fy = eE = eg/l
If the two forces are equal, migration stops and the p.d. across the two ends becomes
steady.

Bev=fE
!

= &£=Blk

. GMm _ mv’
® O R "R

Rl
= —g—;— =v? (org’ =8.86ms?)

,10><(6.4><1o6)2
pen V= | ————e
6.8x10°
=7800ms"

(ii) e=Bl=30x10%x20x10°x 7800
=4700V

ANY TWO
@1

- the magnetic field is uniform over this 20-km cable
- the satellite and the shuttle move with the same speed
(i.e. ensure that v, / and B are mutually perpendicular)

- the cable is always perpendicular to the B-field }

(iii) Current direction: upward. -
The ions and free electrons in the ionosphere would complete the circuit for electric
power generation.

2000-AL-PHY 1B-9
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sin @
9 (a) A
0.4
0.3
v q £
L Bl 14
. wa, T‘B"" 2 .J>
tH G2 50346
—~
r aé_ & ’:n- T h
0.2
$ d ooy
Appropriate quantities are chosen for plotting the graph
Points correctly plotted
Correct graph
1 0.375-0225 |
— =slope = ————————
d 625-375
= 600 (lines per mm)
® @® A =434.0 nm
(i)  ultra-violet
(©) Electrons transitions from a high energy level to a lower one within an excited atom.
Energy levels are discrete/quantized.
nZ
d (@ Ar=(G64.6nm) —_
_ n -4
h£=_—_hc_x4 11 (ie. bv=K 11 )
A 364.6nm nz 4 nz 4
. —6.626x10™ x3x10* 1
1 K= x 4 x
@) 364.6x107° 1.6x10™"
=-13.6(eV)

e e el

T E R 8 s AWl Jams VW W waEm Wi vVes

Marks

(65€.3 ¢394)

A/ am
0

Negative value means the electron is bounded and the magnitude is the energy of that

level with respect to Eco.

2000-AL-PHY 1B-10
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10. (a) (i) Feeding back a certain portion of the output to the inverting input
(or feeding back part of the output to the input, and they are in antiphase.
- gain is predictable (more or less independent of the characteristics

of the op-amp)
- stability is higher ANY
- distortion of the output is less, i.e. amplification is more linear TWO
- gain is constant over a wider range/band of frequencies @!

(ii))  Gain will increase.

R

=y L
Ans. (I) -100 mV
(II) —15 V (saturation)

Gi) ¥V

out

(iv)
ViV
2/
. \
y X f X
O 7
1A \ I \ »
0 —>* time
\ 1
-1 \ :
Y4
N1
-2
V!V
s A\
7 \
7.5 / 3
] \ .
0 > time
\ \ “
1) f
-1.5 = 1 A\ 1
15 NS G
R
® (@) Gain= _f_-_-ij_
R, 10x10°
10x10
=500 kQ

(ii) A step-up transformer differs from an amplifier in a way that it does not have a high
impedance input and the op amp draws its power from a separate source.

2000-AL-PHY 1B-11
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(i)

(i)

(b) The space station should rotate about an axis through its centre and normal to the plane
containing the station with a constant angular speed such that the centripetal acceleration at the

F, : friction
Fg : (normal) reaction

Fa=mg
max F, =04 Fy
mg < 0.4 mo*r

2 g (%
o= 0.4r )
.y 10
" (0.4)(25)

®w=326M

Unchanged. As the centripetal force is proportional to max F, as well as the weight,

FOR TEACHERS’ USE ONLY

the minimum spinning speed (eqa. (*)) does not depend on the mass.

periphery equals 10 m s

2 @ O
(i1)

&) O
(i1)

© O
(i)

2001-AL-PHY TA-3

a=o’r

10 = 0%(1.0 x 10%)

©=0.1s"(or0.016 rev s’ or 0.95 rev min")

T,, T, are tensions in the upper and lower strings respectively.

r=T,+mg

(0.6) (0.15) = (0.6) (0.05) + m (10)

m=0.006 kg

0.05m

-12y=my

.. T= 2n U
VI.Z

0.006
1.2

= 27[ —————
=0.445s
F=ma
(0.6) (0.05)=0.006 a
a=5ms?
mg = ky,

(0.006) (10) = 0.6 y,

Suppose the bead is displaced downwards by a small distance y, the tension in the
upper string would increase by 0.6 y and the tension in the lower string would decrease
by 0.6 y, resulting in a restoring force of —1.2 y (upwards)

¥ = 0.1 mi (i.e. the new equilibrium position is at 0.5 m below 4)

Voa = @A’

=J,_k:A'
m

_[os6
0.006

=05ms’

OR¥EZHE

The s.h.m. towards the new equilibrium position therefore has an amplitude of 0.05 m

FOR TEACHERS' USE ONLY
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The current-carrying wire is subjected to alternating vertical forces due to the magnetic field,

forced vibration results.
(i) fi=25Hz
v=fA (orv=75x0.8)

=252 x 1.2)
=60ms’

(i) As X unchanged and f increased, v = fA has to be increased in order to restore the
pattern.  So either increase T by using a heavier mass M or replace the wire by another

’ T
one of smaller mass per unit length m (v =_|—).
m

Unchanged.
The velocity depends on 7 and m only.

o p-tM
14
_(4mx107) (1x10°) (60x10°)
0.5
=15x10°T

Assumption : solenoid is long since 5.0 cm diameter << 50 c¢m length
(ii) O=NBA
, | _(50x107Y
=(1 x 10°) (1.5 x 10%)| = -—2—-—J
=296 x 10 Wb
Total flux linkage O=N¢ =L/

(1 x 10°) (2.96 x 107 )= L (60 x 107)
L=49x10"H

&
(i) I=Ie°

R Rt . . .
As 7 is constant, for small ¢, I =/, (1 ry ) is approximately linear

.. 14
i1 R= —
(i T

3V
60 mA
=500

slope of the graph = :Lﬁ Iy

-3
19x10° —-5—0(60><10") (ie. R 10ex10t H
30x10°¢ L L

L=47x10"H

(i) Stray inductance / flux leakage / there exists inductance, say, in the connecting wires.

2000-AT -PHY 1:A-6
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5. @ 0 1=(;—28]

=15A

(ii)  Connect a ‘starting’ resistance in series with the motor and gradually reducing it as the
motor speeds up.

(by (1) The coil of the motor has inductance, therefore the rise in current will generate an

e.m.f. (-L gi) which opposes its rise at the initial stage.
t

(i)  The back e.m.f. g, is proportional to the speed of rotation of the armature. When the
motor is first switched on, the back e.m.f. is zero; it increases as the motor speeds up
and at the same time the current decreases accordingly.

Eventually the rotating speed and thus the back e.m.f. become steady, the current
reaches the working value.

©@ @ T = NBAI
=(120) (0.5) (0.002) (2)
=024 Nm

(i) ) €-g,=IR
12 -8, =(2) (0.8)
=104V
E-I'R  100% (or & x 100%)
£
_(2)(12)-(2)'(0.8)
(2X12)
= 87%

(I Efficiency =

x 100%

2001-AL-PHY TA-T
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6. (@ The signal is maximum/strong along line ROS and it decreases gradually with distance from £
and Q.
The interference is constructive along line ROS whereas alternate constructive and destructive
interference occurs along line POQ.

(b) v =1\
3 x 108 =60 x 10°A
A=5m
S AB = Z\-
2
=25m
(©

(d) The superposition of waves at 4 is destructive originally. If the transmission station at Q is
suspended, the detector only receives the radio signal from P, which is larger than the original
signal (destructive).

The energy distribution of ihe interference pattern is not uniform, being concentrated in areas

with constructive interference. Without station @, the total energy decreases but it distributes
more uniformly over the area.

2001-AL-PHY 1B-7 .
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7. () Longitudinal waves : the vibrations are parallel to the direction of wave propagation.
Transverse waves : the vibrations are perpendicular to the direction of wave propagation.

(®) ) 700%10°
v = —_—
: P 75

=933x10°ms"
vs=5.83x10°ms"

(i) v, = E
p
[ E
933 x 10°= —
2.5%10

E=2.18x 10" N m?
©) (i)  Smallest S-P interval, amplitude largest, earliest registered signal

(i) A :700 km
B:420 km

Position Z
(d) The natural frequency of bridge F is close to the (driving) frequency of the quake waves.

Therefore bridge F absorbs energy more efficiently and therefore develops a larger amplitude
of vibration (resonance).

2001-AL-PHY 1B-8
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(a) V=¢g-1Ir I
The potential drop across the internal resistance of the battery increases. 1
by, WVI(Q) 4.40 8.92 11.9 157 209
I(A™ 1.25 2.00 2.50 3.13 4.00 1
According to the graph (% against %]
16.0-4.0
e = slope of the graph = ———
F ST :
€e=60V 1
r = 3.0 Q (the magnitude of the y-intercept) 1
VI ()
20~
PTUI(A™

Axes labelled with appropriate scales, points correctly plotted
Correct graph

14 .
(<) Plot a graph of P = [V against R = 7 which should be a curve whose peak value corresponds

to the value of R necessary for the battery to deliver maximum output power.

2001-AL-PHY 1B-9
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8. (d) resistance of the basic meter r, = L mV
0.01'mA

100 Q

Conversion to an ammeter ; Add a shunt of resistance r, in parallel with the coil
(0.01 mA x 100) (100 Q) = (1A - 0.01 mA x 100) r,
r.=0.1Q

Conversicn to a voltmeter : Add a multiplier of resistance r, in series with the coil
(0.01 mA x 100} (100 Q2 +r,) =6
r.=59kQ

(e) The measured value R,' is smaller than the actual value.

Ry = (_1_+7;_j (R, = 6 kQ from (d))

Rl
1 1Y

= +

1000 6000
=860 Q

Percentage error : R-& x 100% = w x 100%
1000
= 14%

2001-AL-PLHY 113-10
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potentials at the two inputs.

FOR TEACHERS’ USE ONLY

resistance of LDR >> 8 k<, almost all the supply voltage is dropped across the LDR.
A CRO can be used.

As an amplifier, the operational amplifier responds uniformly within its linear region;
whereas a comparator behaves as a digital (non-linear) device which compares the
The comparator therefore serves as a switching device.

In daylight, the resistance of the LDR is small compared to R,

V.>V.,, V,is LOW and the street light is OFF.

In the dark , the resistance of the LDR is large compared to R,

V_<V., V¥, is HIGH and the street light is ON.

When switch Sis closed, ¥ =0 V < V., the street light is ON

A
S
.
VoL

a.¢. mans
N W NP S

G

(12 x 10°%) (100 x 10%) = 1 (8.31) (273)

1 —_—
V=—Nmct
Pr73

(12 x 10% (100 x 10%) =% (0.0529) (6.02 x 10®) (4.52 x 10°%) ¢*

\/Z‘—-{ =500 ms’

Vv V.
P P,

p=2.09 x 10° Pa

(2.09x10°)(100x10)

=0.0068 mole

Net amount of gas flow from 4 to B :

2001-AL-PHY 1B-11
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~0.0068 = 0.002 (mole)
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1. a N —rr—————rr

@O A A
SN N ot fobens

o0 /

: i

L [

'/
|
2 ¥

= ‘ al =

Axes labeled with appropriate scales
Points correctly plotted
Correct graph

(i)  Slope x g gives the force constant k

_ (96-16)x107
(39-19)x 1072

Sk = ANmt - ‘

Slope

Draw the line x = 10.0 cm, the magnitude of the intercept gives the mass of the pan,

m, =20 g (or by calculation)

2002-AL-PHY 1A-2
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Marks
Lo O (m+my)g =ke | I
(0.080 +0.020) (10) =4e
ootde ¢ =025m )
i.e. x=10.35mor 35 cm (or read from the graph) 1
reon |PEM, |
k
=27 u =0.99s
4 1
() Adisplacement

VAN N
\/\/\/ﬁm

2 () (i)
AN RS !
Vi
\
\
Atr=0s : s
£
o YE
I\
y
[ i
I 1
Att=1s ISR -
1
y
y
: AN\
Att=2s . : 2
\ f [
\
\/
V|

2002-AL-PHY 1A-3
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7N
Marks
2. @ (i1
displacement/m
isplacem i
0.02 AN
2
0 oo 3 g time/s
-0.02
(b)y (i) The mechanical energy (or kinetic energy) of the wire is transferred to the wave energy 1
(or kinetic energy) of the sound in air.

Wave on the wire is transverse while the sound heard is longitudinal.
Wave on the wire is stationary while the sound heard is progressive. 1
Wave on the wire has a different speed from that of the sound heard. _ 1
(accept any other reasonable answers) Tl
(i) " 1
Lowest possible frequency is 25 Hz. ' 1

(iii) Doubling the weight will double the tex;s/ion (7), and with the wavelength unchanged

fox v «/—YT : ‘ 1
/=100v2 =141 Hz |

2002-AL-PHY 1A-4
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Marks
. -9
- V. =
3. (a) (l) ° an £, 1, 1
-22x10™" 1

i) -10= |
) am (8.85x107) 1.

r,=2.0x10"m or 2.0cm

1l
(i) v A
|
[}
1
i
'
[}
1
i
)
' 2
;
0 ,l re/m
1
¥
I
I
, j
~-19 ,
i
i
|
1
. 94q
b i F=—
®) @ 4ne, r :
- 22 X 10-“ 1
47 (8.85x1077) (0.05) 7 ‘
=79q (away from O or to the right) 1+1
(ii) L m v’;; Q9
2 4ne, 7, 1
Ly (22107 (176 x10")
" 2m(8.85x107)(0.05)
w212x%x10°ms! 1

2002-AL-PHY 1A-5
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4, (@) 3 (atm) (1 mark if only the pressure due to sea water is giyen)

(b)

oo

(i)

_ﬂ
-~ |:o

1

180 P

273+27 273 +21
P,=17.6 (atm)

(i)

=S

o

3

1t

1 Vo+ Pb Vb

, (0.02) +(3) .
16.1 (atm)

P,
(17.6) (0.02

[ |
"o "o

o

17.6 -16.1

17.6
= 0.085

(ii)

(©)

net force F

0 / ~ time
At the beginning, the upthrust is greater than the sum of the weight and water resistance

(which increases with the speed), the balloon accelerates; however it soon reaches the
terminal speed when the upthrust is balanced by the sum of the weight and water resistance.

2002-AL-PHY 1A-6

QIR#FMZHE FOR TEACHERS’ USE ONLY



QR #ETS A FOR TEACHERS’ USE ONLY

Marks
5. (a) (i) 80cm 1
) 3 1
— O —
- e
) T H : P HEr
TR SN e Lo .5 : L
A ,
o ; o : ;
: CE
A
(i) Height of the first image (/,) = 2.0 cm 1
Separation of the objective and the eyepiece = 1.2 m 1
2cm
20cm l
(it 3cm
(1.5+12)m
=9 1
iv
w) after  betfore
4
(] ’/
L
[
77 B
I Eal .
A Bp
VooV
The eyepiece has to be moved towards the first image to produce a final image at D. 1
A larger visual angle results in a larger angular magnification. 1
The eye will easily get tired as the ciliary muscle contracts to make the eye lens 1
bulged. ’

2002-AL-PHY 1A-7
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(b)

-

s

®

(i)

(ii)

(iii)

()

2002-AL-PHY 1B-2

HIRE® B2 H

IIEE &S E2H FOR MARKERS’ USE ONLY
GMm mv
r2 - r
R; v? ) GM R? .
go;—f-=v7 7 (i.e. use g, = iR; org1=go-;:; =93ms?
v 210 (6.4 x10%)?
T (64x10° +2.4x10%)
v =79x10°ms’ (range: 7.8 x 10° ms' ~7.9 x 10° m s™)
_ Rg m’  _ (60) (7.9x10%)*
me =mes(==) O = T Eax10f s 24x 109
6.4 x10°
= (60) (10)(6 A% 10° Y
=56 x 10°N (range: 5.5 x 10° N ~5.7 x 10 N)

The weight of the astronaut is all used for centripetal acceleration, therefore the
astronaut is no longer being pulled to the floor. (no reaction or ‘free falling’ not
accepted.)

Since some momentum of 4 is transferred to B by so doing, the velocity of B can be

reversed such that V5 > V. (Accept any other reasonable answers like the direction of
A is reversed)

up=1ms™ ug=-1ms"
va=vp =V, v = velocity of toolbox flying towards B

By the conservation of linear momentum,
(60 +30) (1) + (60) (-1) = (60 + 60 +30) v  ~eeommenmn *) (4, box and B)
v =02ms™

Consider the toolbox and astronaut B, and by the conservation of linear momentum,
30w + (60)(—1) 30+ 60) (0 2)

=2.6ms
or  using(60+30)(D=60v+30v,  m—-emmmem ) {4 and box)
30 v +(60)(-1) = (30 + 60)y  =mmmmmuee (2)  (box and B)

with 4, B and box move with common velocity v
(There are altogether 3 momentum conservation equations, for any TWO correct

equations award 1 mark for each equation with correct numerical substitution.
1 mark for considering the common velocity v. 1 mark for the correct answer of V1)

1
= 5 (30) 2.6°- 1% (Accept word equations such as ¥ = KE;— KE))
=86]
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7. @ @G (x10%(500)=15x10"m

. 2n . .
(ii) G M; ”em (ETE)2 r (1 mark for employing o = —T—n in a correct equation)
r
2m, P
M, = (&)Y —
¢ T ) G

( 2, (1.5x10™)?
32x10"7 6.7x10™
= 2x10¥kg

i) (1.35x10%) (@ mx(1.5x10")?)
=38x10°W

®) (i)  The temperature in the sun’s core is so high that the protons have sufficient kinetic
energy to overcome the strong coulomb/electrostatic repulsion between them.

i) Am = (4)(1.00728)-4.00150
= 0.02762u
AE = (Am)c® = (0.02762) (1.66 x 107 (3 x 10%)°

4.15 x 10"%J

acceptAE = Amx931 MeV
= 0.02762 x 931 MeV
= 25.7MeV

257
(4) (1.00728) (1.66 x 10™")

3.84 x 107 MeV
=62x10"]J

i

Energy released per kg of protons

it

415x10™
(4) (1.00728) (1.66 x 10°?")
6.2 10" (or3.8 x 10° MeV)

Energy released per kg of protons

@x10°) (62x10) 1
3.8x10%* 3.2x107
1 x 10" (years)

(iii)

It

2002-AL-PHY 1B-3
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Marks
8. (@) (i) AB is not perpendicular to AD 1
i.e. the phase angle between the inductor and the resistor is less than 90° 1
G 71V (accept 542 V) 1A 1
: 1
4
i) ————
(i) 50107
= 80 Q 1A 2
1
i — x 80 (or 1
@) 4 ¢ 5x107 )
= 20Q 1A
5= (50x10% 27 x100)L 1
L= 160mH 1A 4
(v)  Phase angle between AC and AD, 0= 45°
1A
Power factor = cos 8 = 0.7
actual power dissipated 1
Power factor = apparent power delivered
. 1 3
When frequency increases, power factor decreases,
(b)
potential/ 3. : A
Within 3 div
'l
4 ™
\
,1 N
2 1 t/ms 2
X 4
\
Vi ¥
~4
\ 4
2
() (In each figure, 1 mark is given for labelling a correct value: 50 or 71 for J, 14,510r7.1
for 1)
I/mA
242
4

N

2002-AL-PHY 1B4
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Marks
9. a ) -
@ @ Atr=r, F=0mn = b e F= 22+ Loy 1
a ra ra
_  2x10™
2x107
= 10°m 1A
(ii) Theterm - _a? represents the attractive force and it dominates when r > r,, 1
r
The term % represents the repulsive force and it dominates when r < 7, 1
r
The magnitudes of both terms decrease with r, but with the repulsive force term
decreases much faster.
® @ U= -[Fa 1
, a b
= -l (_r_2+7’_)dr 1
- e, b
r o 2r
orF=—ﬂ=—i(——a+ bz):_iz+£3 (1 mark only unless the constant
dr dr r 2r rc or
for U is shown to be zero)
(ii) UM
2
" Y/ B
a b . .
(iii) U, = ———= (substitute r = r, into U)
r, 2r,
=2 x 107 _ 10 1
=1 -20
07 1A

© (1)  The graph of F against r near r, is approximately linear with negative slope, indicating 1
the force is restoring and is proportional to the displacement of Q from r = r,, 1

L , dF
(1)  ‘spring constant k=—d— (atr=ry) (ork = | slope of F - ¥ graph at r =, |) 1
r
_a 1
=
=2Nm’

1 .
(Note: U= 3 kr? is not correct although the value for % is the same)

1 [k
4 2t \m 1
= 1 2
2n{3.2%x107%
= 4x107Hz (range: 3.9 x 10'* Hz ~ 4.1 x 10> Hz) 1A
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