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For geostationary satellite, T = 24 hours.

2nr  2x(6.40 x 10°+3.59 x 107)

i i = = —_—— = = -1
For circular motion, v=ro T S ARB0XG0 3.08 kms

a-t and x-t graphs for a body undergoing s.h.m. are =« rad out of phase

2
total E « &®x? o« ﬁwu x2 where T is period and x, amplitude
T

2 2

N N
muﬁuu Axcvn nhl.mlu .m|nx|oy. qumNnmm‘uwA._m :..bum_.:.._
E, \T) | (%), 3n,) | (%) 9 9 9

1 1
=7~ 5000 =0.20 ms

~

Since T is represented by 2 horizontal squares (2 cm),

0.20
time base setting = - = 0.10 ms cm'! = 100 ps cm*

If the waves meet in phase at O, then path difference = OY - OX = XY =nl
Since A= 0.75 m, then n =2, for XY = 1.50 m

From single slit diffraction formula, sind=x /b
or x/D=x/b where D is the distance from slit to screen

B, C and D are correct as seen from the equation. However, when slit width is
is increased, more light passes through the slit and the intensity increases.
Hence the area under the graph increases.
S
Time for electron to travel in electric field, t = Hx
Att, displ sy =2 m-wﬁw%
, displacement sy =2at" = Ja\ 7

Since a, u are constants, s, o 8

p=kdé=10mm

Thus q = k(2x)* = 4p = 4.0 mm and so on.

20

21

22

1A

The above circuit when re-drawn is same as the circuit below

Then the currents and p.d. across the other resistors can be found.
V=8.0+3.0+20=130V

The I-V graph for a filament lamp is as follows:

0 v

The corresponding V-I graph is a reflection of the graph about the dotted line.

Resistors are connected in parallel, thus they have same p.d.
2n=3L=4h 1)

I + L + I;= I (current from power supply) (2)

Sub (1)into (2): (3/2)L+ I+ (3/4), =1

So L, =(4/13)1 3)

Sub (3) into (1) gives I; = (6/13) Iand I, = (3/13) /
Soh:L:E=6:4:3
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3

2nt  2n(2.5-1.5 2
{(a) Phase difference = |“|u i 3 L Ma =120°

(b) Att=0.75ms, resultant displacement = sy + sz = 40-10=3.0um
() Ix<A?

Thus I=k(4)

and L=k (2)=0.25

(@) v=fi=

~ >

so A=vT=330(3.0x103%)=0.99m

(@) (i) Currentin Ryor Ry=0.30+0.30=060A
R=V/I
=2.4/0.60
=400
or
p.d.across Rsor Ra=24/2=12V
R=VI/I
=1.2/0.30
=4.0Q
(i) E=24+24+12
=60V
or
total resistance = 10 Q
E=10x0.60
=6.0V
(b) total resistance increases
current decreases (in battery) so total power decreases

(a) (i) Itistoincrease the magnetic flux linkage between the coils
Comments: Most candidates answered correctly.

(i) ltis to reduce energy losses
by reducing induced currents

(o) () maximum Vour = (Ne/ Np) Vo
= (625 /25 000) 12 000
=300V
{if) rm.s. current = peak current V2
= 300/ (640 x 2)
=0.33A

A1

A1
c1

A1

c1

A1

c1
M1

A0

c1
M1

A0
C1
A1
c1
A1l

B1
B1

B1

B1
B1

At

A1

6

(c)

(a)
]

(e)

i pyw
200 -

100 -

0
-100
-200 -
positive sinusoidal squared shape, with P=0 at t = 20, 40 ms
and maximum P shown as 140 W B1
two complete cycles, with period = 20 ms B1

For sinusoidal squared graph, mean power is half the peak power (140 W)

B1
electron diffraction/ neutron diffraction B1
Yemv? = eV
% x 9.11 x 103 x 2 = 1,60 x 10~" x 4800

v=41%x10"ms™" c1

r=hlmv
=6.63 x 107/ (9.11 x 107 x 4.1 x 107) Cc1
=1.8x10"m A1
(i) Any two points, 1 mark each B2

» photons are (discrete) packets of energy

« energy of photons depends on frequency (of EM radiation)

» electrons can only absorb a single photon (of energy)

« emission only possible if photon energy is at least the work function

B1
(i) work function = hf = 6.63 x 107 x 6.93 x 10" Cc1
=459x10"J
=4.59 x 10™1%/ 1.60 x 10-1°
=2.87eV A1
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iy y= o189
A__v 2nmr N
_ ” (1597
n=1so a2me?
i 0.053
= ———— =0.053 nm
r 42m2(15.9)

(iii) Energy = potential energy + kinetic energy

2

4 1

- + -mR
4negl 2

2
(1.6x 1079

" 4n(8.85x 1072)(5.3x 107)

~217x 107

18
24710
- &V
16x10

-136eV

+ 2 (@11x10%)

(e) (i) For minimum wavelength, n is infinity

A=

(i) E=

Ei =199x102% Jm

he
i

A
1.097x 107

=91.2 nm

_ (6.63x 103 (3.00x 10%)

i

=1.99x10% J(x10%) nm

1.99x 10"  Jnm

wavelength L / nm E= mm / eV
121.6 10.23
102.6 12.12
97.3 12.8
95.0 13.1

_s9?
Bax10™M

energy in eV

c1

A1

c1
M1

A0

At

c1

M1
A0

A1

(iv)

V)

8
n=5 Es=-0.50eV
n=4 Eq4=-0.80eV
n=3 E3;=-148 eV
v)
n=2 Y. F,=-337eV
(Ground state) n =1 E1=-13.6 eV

5 energy levels shown, with progressively smaller energy difference

between higher energy levels Cc1
Correct energy values for each level C1
Correct electron transitions from higher to lower energy levels C1

For A =434.1 nm, E)- E;= 2.87 eV.
Hence the transition is fromn=5ton=2 A1
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3

(@) (i) Fundamental mode of vibration, 1=4L =0.680orL = 0.17 m (not formed)

4L
1st overtone: A= 3 =0.680 or L = 0.51 m (formed) A1
4L
2nd overtone: A= 5= 0.680 or L = 0.85 m (formed) A1l
i)
) 1
~ Aat open end, N at closed end;
An Aand N in between, equally A1
spaced (by eye)
A
N
(b) waves pass through/enter the slits in the grating B1
waves spread out after passing through/entering the slits B1
{c) (i) dsingd=ni ct
in6= = A
orsing=
Hence G = — g= = A1
ence G = - or d= &
(i)
3
sing
e (if)
H H
O X LI
0 400 700

Alnm
straight line from 400 mm to 700 mm that is aiways below given line
M1

straight line has smaller gradient than given line and is 5 small squares
high at wavelength 700 nm A1

4

(@) The velocity v may be resolved into two components — one parallel to the
magnetic field B, which is vcos# , and the other perpendicular to B, which

is vsing. BO
vsind results in a circular motion of the proton in the plane perpendicular to
B. B1
Using Fleming’s Left-hand Rule, the gentripetal force is directed into the page
initially. B1
vcoséd causes the proton / circle to move at constant speed in the same
direction as B. B1
Consequently, the proton moves in a helical path. B1
) @ A1

0x10°ms™

X

i

; g central axis
(i) Using F=Bgvsing, we get
c1
F=38x10"(1.6x10")(1x10°)sin55° =4.98 x10™* N Al
=5.0x10" N (to2 mJ
(i) A A1
magnetic
flux shape;
density symmetry
about
mid-plane
coil 1 ~ imid-plane coil 2 >
distance
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G

(e)

U]

(a)

(b)

{c)

7

internal energy = ZEx of molecules + ZEp of molecules B1
no forces between molecules, so potential energy of molecules is zero  B1

(i) increase in internal energy = Q + work done B1
constant volume so no work done B1

(i) thermal energy per unit mass to cause a unit change in temperature
B1

(iii) c=Q/NmAT c1
=[N x (3/2)kAT) / (NmAT) M1
=3k/2m A0

As the gas expands, it does work against the atmosphere/external pressure

B1
for same temperature rise, more thermal energy needed, so larger specific
heat capacity B1

similarity: both are radial or both have inverse square variation with distance

B1
difference: direction is always/only towards the mass or
direction can be towards or away from charge B1
gravitational force = mg = 1.67 x 1077 (9.81) = 1.64 x 1078 N A1
qv  18x10'%270)
i = = — = C1
electric force = gE ” T Bx102
=24x10"5N A1
electric force is about 10 times larger than gravitational force B1
hence gravitational field not taken into consideration A0
Q
i = c1
@ v 4dnepr
4.0x10°° -7.2x10°®
+ =0
4nepX 4neo(0.12-X)
4.0(0.42-x)=7.2x
x=0.043m A1l

(i) At P, the electric field strengths due to both charges are in the same
direction B1
so the electric field strength is not zero. A1

8
(i) straight arrow drawn leftwards from X, in direction between extended
line joining Q and X and the horizontal Al

P

Q

1
i
{
1
1
i
t
)
i
1
1

(d) The gravitational field strength equals the negative of the gravitationat

(o)

potential gradient. 81

(i) gravitational potential is zero at infinity B1
gravitational force is attractive B1
mass getting closer to moon/planet loses potential energy or negative
work done to bring mass from infinity to moon/planet B1

(ii) Any two points below, 1 mark each B2

« potential at surface of planet is smailer than at surface of moon

« potential gradient at surface of planet is smaller than at surface of
moon

» magnitude of potential varies inversely with distance from centre
near the spheres

« point of maximum potential is nearer to the moon than planet

(ili) curve, starting with gradient of decreasing magnitude at 2R and finishing

with gradient of increasing magnitude at D - R B1
field strength shown as zero at the point of maximum potential B1
negative field strength near one sphere and positive field strength near
the other B1
s HLL
g uas
o {1« o -R10 -

.

rirer
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2(f)

When b = ¢, the remaining shape is a square with length u 21. o cm.

Thus, if the paper has uniform density, its centre of gravi
centrei.e., at b/2=10.5cm

3(a)®

d to the nearest 0.1 cm and final value in the range 39.5 cm —40.5 cm.
Evidence of repeated d.

3(a)(i)

Percentage uncertainty based on an absolute uncertainty Ad

in the range 2—5 mm and max 2 s f.

If repeat readings have been taken, then the absolute uncertainty can be half
the range (but not zero) if the working is clearly shown.

Correct method of calculation to obtain percentage uncertainty.

3(@)illy |

Lo Em nearest 0 1 cm.and final value in the: range 295 om—-30.5 cm.
Evidence of Buom»mn 1.

L

y-intercept

1(e) | Line W drawn such that it has lower gradient than the original graph and
vertical intercept remains the same i.e., 1/3.
I,
Ly
;, 1
S W
:mx&\
a Refll
Comments: For graphs drawn with lower gradient, students also need to
check that their drawn graph has the same vertical intercept value of 1/3.
Total 11
2(a) | b to the nearest 0.1 cm and final value in the range 20.5 cm —21.5 cm.
¢ to the nearest 0.1 cm and final value in the range 29.2 cm — 30.2 cm.
Evidence of repeated b and c. 1
2(c) | y to the nearest 0.1 cm and final value in the range 9.1 cm - 10.1 cm. 1
2(d)(i) | ¢ to the nearest 0.1 cm and final value in the range 26.2cm-—27.2cm.
(3 cm decrease from (c) value) 1
Evidence of repeated ¢.
b
—
b| |« 2 —
F\|\|\|N_H b
2
by p >
2(d)(ii) | y to the nearest 0.1 cm and final value in the range 9.0 cm —11.0 cm.
1
2(e)(i) | y = 10.2 cm {correct calculation for y) 1
2(e)(ii) | Stated appropriate graph to be plotted e.g.
1
2(e)(iii) | Corresponding to graph in 2(e)(ii) :- 4by + 4cy = 3b? + be
Gradient: 4cy = 3b2+b (c— 4y) 1
1

for internal use only

3@)(v)
.2,5 .“
@.aé .
Valug of T _uquon than w@
w@@ .Em%ﬁﬂ_o: of the :::._um_, on m_maaoma am:Bm in »w:-._m o* Eo :::..c& ofsf
‘in (raw) time: only;
3(d)(i) | Calculated oo:da% two values of k with unit and recorded to the least no. of
sfamong /, d and 7. The final k values must not be fractions.
Unit: or equivalent
3(d)(ii) | Justification of Relationshi
Note: The given relation is valid for a bifilar penduium.
k
0O Calculated correctly Yokuncertainty = »> x 100%
ave
OR Y% Kuncertainty = ak x 100%
Ksmalter
For internal use only
a4
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Ca3:
Once B and C are determined, substitute known and corresponding values of
In(E), x & In(y) into the equation In(E)=In(A)-Bx +CIn(y) to determine A.

Safety
D1: Do not touch hot coil / use gloves to position hot coil / use heat-proof gloves
to position coil.

Additional details: (max 2

Any two from:

E1 Use large current / large number of turns / an iron core (to produce large
magnetic field / induced e.m.f).

E2 Use high frequency (to produce large induced e.m.f).

E3 Method to position ruler horizontally to measure x described e.g. use a spirit
level or same height from bench at both ends.

E4 Method to keep coils parallel / co-axial e.g. adjust coll Q until maximum
reading or use set square to ensure that coils are at right angles to the axis.

ES5 Method to measure x from centre of coll P to centre of coil Q, e.g.
measure width of (each) coil and divide by 2 and add to separation of coils

Qn Marking Point Marks
4 | Mark Scheme
Defining the problem ) )
A1: identify independent (perpendicular distance x between the coils, current y in
coil P) and dependent (induced e.m.f. E in coil Q) variables 1
A2: identify control variable
e.g. Keep the number of turns (on each coil) constant
frequency of y constant. 1
Comments
« Controlled variable should be for the entire experiment (i.e., both runs) and not
for one run only.
« Only non-trivial control variables should be accepted.
Method of data collection
B1: labelled diagram of workable experiment including:
* showing coil P and coil Q supported
* x marked on the diagram 1
* coil P and coil Q labelled
B2: Two circuit diagrams:
* a.c. power supply or signal generator connected to coil P with ammeter
in series
* CRO connected to coil Q. 1
B3: Method to determine x, e.g. use a ruler or ruler shown on diagram adjacent
to coils with x indicated. 1
B4: Method to measure r.m.s. value of y, I, ., e.g.
connect a c.r.o. in paraliel with a resistor R with y flowing through it to
measure the peak p.d. V, across the resistor.
_N 1
I yms R )\M 1
B5: Method to determine E, e.g. use of c.r.o. 1
Comments .
« Specific and appropriate instruments should be used for measuring
associated physical quantities; not accepted e.g., computer or laptop.
o If multi-meter is used, need to describe the multi-meter seftings used.
Method of Analysis
C1: linearization of relationship
IN(E) = In(A) - Bx +ClIn(y) 1
C2: identifying 2 runs required
Run 1: vary x, keep y constant
plot In(E) against x,
straight line with gradient -B, y-intercept in(A)+Cin(y)
Run 2: vary r.m.s. / peak value y, keep x constant
plot In(E) against In(y),
straight line with gradient C, y-intercept In (A)-Bx 1

Comments:

« Only contextual and significant detalls will be credited.

e Many candidates stated the electrocution, which means to “kill or severely
injured by electric shock”, could be a safety issue, without indicating that the
presence of a large e.m.f. source e.g. the mains, was necessary (due to the
high resistance of the human skin, between 1 to 100 kQ). Studies have shown
that the human body internal resistance to an e.m.f. source of less than 30 V
is quite safe.

« Some candidates stated that the presence of Earth’s magnetic field may
cause a systematic error in the experiment. Not that 1. the Earth's magnetic
field is approximately constant in a locale on Earth and 2. it's mean magnitude
is small ~10-% T. However, answers that state other sources of errors due to a
non-uniform, significant and/or changing magnetic field such as the presence
of a (strong bar) magnet can be accepted.

e Some candidates stated that the circuit should be opened with a switch to
prevent the components from heating up and affecting the resistance. While it
is true that components’ resistance is dependent on temperature, while in
operation, the components will inevitably heat up.

MAX

12

L

For internal use only
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