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16

17

At new equilibrium, the pressure will be the same for both.

PV =n'RT, =n'R(80 +273.15)
P,(8V =(9n - n")RT; =(9n-n")R(10 +273.15)
Dividing:
VvV __ n'(383.15)
8V (9n-n")(283.15)
9n-n' 8x353.15
n' 283.15
9n 8x353.15
— =1
n' 283.15
n'=0.8194n

An=n-0.8194n=0.18n

. 27 ST
xﬁ% 3 X, w.i!ﬂ!xtmlv

Xy Xo

=X m.imﬂav

=-0.71
1 2 5
= MSAN\S«V X

wﬂo.msxmin (3.07) (0.40x)’ = Ao..\wvmimiv» xnu

=0.72E
P 1

= —— o —
2zrd r
foc A?
A
Jr
A /150
20 V1200
A'=0.71mm

LA

Unpolarised light after passing through a polarizer, its intensity is halved (therefore we
eliminate options A/B).

Amplitude remains at A. (The component of E field perpendicular to the polariser axis is
absorbed (e.g. Av is absorbed), leaving the transmitted light having amplitude Ax)
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25

Since the polarization angle is 75° (or 105°), by resolving the electric field,

A' =A cos75°=A sinl5°

First minima position:

bsing=2x

0.010x 10%x0.05 =2

50x10"m=A%

Electric potential energy U= qV

Since charge of electron is —ve, and potential at X is +ve while that at Y is —ve,
= Uy> Ux

Magnitude of electric force F = gE. Since the E field strength at Y > E field strength at X

= Fy > Fx
Break in +ve wire of cable = voltmeter reading = 0 when connected to Xor Y

Break in connection within motor = voltmeter reading = 24 V when connected to X and 0
V when connected to Y

Break in —ve wire of cable = voltmeter reading = 24 V when connected to X or Y

In dark condition:

5x10°

V. L L A
5%10° +5x10°

x 6 =0.0060 V

in bright condition:

5x10°

Ve— 2
5x10° +1x10°

x6=50V

p-rr=1,%
4

I.=21 =1,=2u

The point charge’s velocity is parallet to resultant magnetic flux density at the centre of the
two wires. Thus magnetic force is zero.

By Fleming’s left hand rule (to find force on an electron in the rod), the electrons in the rod
will accumulate at P, causing Q to be of higher electrical potential.
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(c)(i) Distance travelled by wave in 1 ms = vt =(350)(1x 10%)=0.35m

The graph should have shifted to the left by 0.35 m. c1

Al
— position/m
Award mark as long as one full wavelength is drawn with displacement at 5.00 nm
at initial position.
(c)ii) Phase difference between particle R and S Cc1
Ag = wamoo = memoe
A 14
=180°
OR
Phase difference between particle Q and S is 90°.
displacement / nm A1l

4

5

(@)

(b)

(c)

(d)

{a)

(aii)

(b

1. Waves must meet = rad out of phase.
2. Waves must have equal amplitude.
() Wavetrains from S1 and S; are coherent and superpose at points along YZ.

When path difference is an integral multiple of A, the waves meet in phase,
constructive interference takes place to give a series of maxima.

(il) It decreased to one quarter of the original x (since x = AD/a)

{tii) The line YZ is not parallel to the slits

or the slits not nommal to the (incident) microwaves
(iv) Place a polariser in front of the transmitter and rotate through 90° OR rotate
transmitter/detector through 90°.

if this causes minimal/zero signal at some angles, the wave is plane polarized.
Distance between two nodes = ¥; A = speed of detector / frequency of detection
=10/15=6.7mm
Hence, wavelength = 13 mm
f=c/A=3.00x10°/13x 10°=2.3x 10" Hz.

(i) White light diffracts after passing through the slits in the grating. For zeroth
order maxima, each of the wavelengths in the white light travels the same path
length/ zero path difference.

The amplitudes add up vectorially to produce a resultant white colour maxima
(ii) wavelength X of red light > wavelength blue light ( Ared > Abie)

For waves from any two adjacent slits, path difference is d sing, where dis the
separation between the slits.

To produce a maxima for 1* order, path difference, dsin 6 =12
Hence, maxima for different colors occurs at different angle 6 , with red light at
a larger angle

Ve _ 170 _

Sﬁwlu\Ml.lllz..anlgNO/\
w=2n/T = 314
T =0.0200s
O %_N
Ve Np
Vs .. 3500
170 2000

Vs =298V

A1

Al
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A1l
At

M1

Al
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A1l
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Al
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(bi(i)
(b)(i))

(b)(iii)

{b)(iv)

(b)(v)

(e))

{c)iii)

The mass of the Sun is much bigger compared to the total mass of all

the planets, and so their gravitational influence is small.

To escape to infinity, Initial KE of object at Jupiter = gain in GPE from

Jupiter to infinity
(1/2)m»2 20— (-GMm /1)

(112) V2 GM/r
V2 (2 x6.67 x 10 x 2.0 x 10%) /(5.2 x 1.50 * 10")
Vmin = 1.85 x 10* m s,

According to Fig 7.3, the speed of Voyager 2 at Jupiter on 9 July 1979
was 10.5 km s = 1.05 x 10 m s', which is less than the escape speed
of 1.85 x 10* m s™! needed at that distance from the Sun. Hence, it was

not travelling fast enough to escape to infinity.

From Fig. 3, the speed of Voyager 2 increased from 10.5 km s t0 28.0

km s™ during its interaction with Jupiter.
Hence, its gain in momentum = Ap = pr— pi = Mvi— mv;
=773 (28.0 - 10.5) x 10°

=1.35%x 10" kgm s*
Velocity must be read to % square (1 dp)

Voyager 2 gains kinetic energy/momentum from Jupiter's orbital kinetic
energy about the Sun. In a gravity assist, the spacecraft exchanges
momentum/energy with the moving planet, the craft gains a tiny amount

of the planet's orbital energy
Half-life, t1» = 87.74 years
A =Ag exp(-At) or A = Apexp(-in 2 x t/ tr2)

A =Apexp(-In2x 1/87.74)
A = Ao exp(- 0.00790)
Activity remaining after one year is A = 0.992 Ao

Hence, fractional decrease in activity in one year = 1 —0.992 = 0.0079

=079 %

A =0.8623 A

Power output is proporticnal to the aclivity, so
P=0.623 P

P=0623x470=290 W

As spacecraft moved farther away, the intensity of the received radio
waves had decreased, power received decreases (since power received

= Intensity at that point x area of receiver.)

Hence, the total area of the receiving parabolic dish antenna needed to

be increased so that the total power of the received waves
enough to be detected.

be large

B1

Cc1

c1

A1
B1

c1

Al
C1

c1

Cc1

Al

B1

A1

B1

B1

(d)

In 1990, distance of Earth from Voyager 1 = 40.47 AU
Angular diameter of Earth = 6=d /D

= (2 x 6.4 x 10°)/ (40.47 x 1.50 x 10') = 2.1 x 10 rad

C1

Al
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4 (a)

(b))

(b)(i

{c))

(c)(in)

5 (a) (i)

i)

3
R
075 R85 0=13
R=300
p.d. across >mu.|l|m.|m|x
0.75+3.0+55

=24V

E- 1.50-0.56 %24
1.50
=15V

As C is shifted closer to A, the potential at C increases, thus increasing

the potential difference between BC.

Since the potential between BC will become larger than the terminal
p.d. of cell Q, current will now flow from C to B through cell Q.

R
L

1

R=2x15x0.0367 + —

=1.28 Q
=13Q

Since / = n A v q, number density n, cross-sectional area A and charge
q are the same in both sections XY (consider a single wire) and AX,

val

the current through a single wire in XY is 1/5 of the current through AX.

OR

Since the same current flows through sections AX and XY (consider

5

XY as a whole), v a 1/A.

the cross-sectional area of XY is 5 times the cross-sectional area of

AX.

drift velocity v is greater in AX than in XY

Charged particles moving perpendicular to a magnetic field will
experience a resultant magnetic force perpendicular to its motion.
Hence no work is done. By Newton’s 2nd | aw, the acceleration of the
particles is in the same direction as the resultant force. The direction of
the particles changes but not its speed. By Newton's 1* law, upon exit,
the particles will move in a straight line with a speed of 4500 ms™.

Magnetic force provides centripetal force for particle’s circular motion

F=Bqv =

mv?
r

= =55/150=0.0367 Q cm™
150 -2x15

5

4.0

x0.0367

C1

C1

A0
c1

A1
M1

A1
c1

C1

A0
C1

Al

B1

B1

(b}

6 (@ @

(i)

) (i)

()

(i)

(iv)

-mv
Bq
(2.66x10°)(4500)
(2x10°)(1.6x107)
=0.374m

P =rBq =(0.2)(2x10°){1.6x107%)
=6.4x10® kgms™'

10

he
AE = m.é - m.u = M
_ (6.63 x 10734 x 3.00 X Hcav

- 975 x 10~°
=204x10"18)

_204x1078

T 1.60 x 10~
=1275 eV

E, = E; + AE = —0.85 eV

13.6 eV = work function + eV,
work function = 13.6 —8.13
=547 eV

max kinetic energy of photoelectrons = 8.13 eV
2

_ p
3 H0xX10VY = —ee
BA3X 160 X107 = 5 g T 10~

p=15395x10"24 =154 x 10"2* N's

6.63x10™*
i
A=431x10"m

1.5395x107 =

ApAxzh
0.0025
9.11 x 10737 x (1.2 X 106 X ———) X 4x = 6.63 x 10734

100
Ax 2243x1075m
AxXmin = 2.2Xx 10° m (1 or 2 sf)

Cc1

Al

M1

Al

Al

B1

A1

M1
A1

B1

A1

B1
A1

B1

At
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Two hours is equivalent to two half lives of bismuth B1
hence number of radioactive bismuth nuclei remaining is approx. N/4, B1
forming 3N/4 thallium nuclei. B1

However, thallium has a much smaller half life and would decay quickly to
form other nuclei hence number of thallium nuclei is less than 3N/4.




