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Data
speed of light in free space,
permeability of free space,

permittivity of free space,

elementary charge,

the Planck constant,

unified atomic mass constant,
rest mass of electron,

rest mass of proton,

molar gas constant,

the Avogadro constant,

the Boltzmann constant,
gravitational constant,

acceleration of free fall,

(

c=3.00x 10® ms-!
My = At x 107 Hm™!

€y = 8.85x 10712 Fm~1

1
4:u~‘0

e=1.60x10"19C

=8.99 x 109mF-1)

h=6.63x 10734 g
u=1.66 x 10727 kg @
my = 9.1 x 1073 kg E @

m, = 1.67 x 107 kg ‘\

R=28.31JK1 v

N, = 6.02 x 2
k=41. 23 yK-1
Gx 10~ Nm2kg—2

£9.81 ms2
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Formulae

uniformly accelerated motion,

work done on/by a gas,
gravitational potential,
hydrostatic pressure,
pressure of an ideal gas,
simple harmonic motion,

velocity of particle in s.h.m.,

electric potential,
capacitors in series,
capacitors in parallel,
energy of charged capacitor,
resistors in series,

resistors in parallel,
alternating current/voltage,
radioactive decay,

e 4

decay constant, ** 0"
®

© UCLES 2012

s = ut+3at?
v2 = u?+2as

W = pAV

Gm
P=-=
p = pgh
p =%N—\’/n<02>
a =-w?x

V =V, CoS wt

v =2 wV(x2-x? Py

v=_9

Ane,r 0‘
1/C =1/C; +1/C, + .4

C=C1+02®
9,
R=@Fi2+...

/Ry +1/Ry + ...

X = X,sin wt

X = X, exp(—At)

5 - 0.693
t
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Answer all the questions in the spaces provided.

1 (a) (i) State the SI base units of volume.

3
base units of volume ........ A T [1]
(i) Show that the SI base units of pressure are kgm~1s-2. | 2
Pressure = Force = Kgms™> _ pam

|

| 0\

| ¢ [1]
(b) The volume V of liquid that flows through a pipe?& is given by the equation

where Pis the pressure difference n the ends of the pipe of radius rand length L.
The constant C depends on th ional effects of the liquid.

. Determine the base uni @
| v Pré ¢ = P4t
jﬁ@ cL 2 VL

.

”{’ 4 .~

. - -2 ~] -
Units = gm s Xm X5  _ H3m5

-
™M 3 X M
~\ -\
base units of C ......\ ’\QW\S ........................ 13]

For
Examiners
Use
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2 Aballis thrown vertically down towards the ground with a

n initial velocity of 4.23ms-1, The
ball falls for a time of 1.51s before hitting the ground. Air .

. - At , For
esistance is negligible.

\Examiner’s
Use
(@ (i) Show that the downwards velocity of the ball when it hits the ground is 19.0ms~"
4273
V= + at q - 043 \‘ + = (5)s
:423~[-p]g’)(l'5\ =

- F) v=r
A Ja-o ms™ (25F) @)
(ii) Calculate, to three significant figures, the distance the ball falls t
L
—ut+ Lot ’
5 2

L

o the ground.

= q-gg)((-5;+_21_xﬁ-gtxr'45t§
=17 645 A1F-6  distance= .| | ?"é ...................... m[2]

(b) The ball makes contact with the ground for 12.5ms and re

bounds With an upwards
velocity of 18.6ms~". The mass of the ballis 46.5g.

(i) Calculate the average force acting on the ball on impactwith the ground.

F= Ohovigein momaitur»? zm SV, - MV, r\ﬁ

—

o : P 25F)
465110° (1870 CWl) = 9839-8%N <~ JAON C
A B
]2-5X10 =1 magai of force = ..... /[40'\, .......................... N

‘0 rection of force ..U/ Mmdé ..........................

[ ]
(ii) Use conservationgergy to determine the maximum height the ball reaches
after it hits the ground;

<+ - "LX 13"6‘2
¢ Pgn = Jé"":_ A 2 a-)
N = 1463
279

(c) State and explain whether the collision the ball makes with the ground is elastic or
inelastic.

Jhewlhgmww/wgbemmmém
féooi‘ﬁ\esamebemg’ . B.....Shoed..........

MQJM%WQ)&OL%—E ............................... [1]
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: 7
v 3 Oneendofa spring is fixed to a support. A mass is attached to the other end of the spring
a The arrangement is shown in Fig. 3.1. I
I Examiner's
‘I“ LLLL L0, Use
|
7 mass
| Fig. 3.1
i (@) The mass is in equilibrium. Explain, by reference to the forces acting on the mass, what
! is meant by equilibrium. .
Mmeans. Yo ovetal. ( ‘
%ﬁ%éwwo)m ..... w@ghfmde%ﬂ(
s dang... LR, LML L SPADY........10
(b) The mass is pulled down and then released at time t =0, The mass oscillates up and
down. The variation with t of the displacement of théimiass d'is shown in Fi .3.2.
! . g
om R e
d/10%m AR T
MR EESeE s SEEEEsEEEEeneaEEY
| T | i il | T | 1 I
i 2 o AR N
| i ERSan ha s RSV NS T
o b A e N EEan:
O TSR Toar TTHos 1 o fo
oD RREEE), . AR \—\ B I1‘/s~/-/:«.E
) ' _, - ,.1' i _J,_.J--_ ;i AEERN
BT
e
\ T S
SeE RN R - e A A
2
M 4 .
. Fig. 3.2
Use Fig. 3.2 to state a time, one in each case, when
(i) the mass is at maximum speed,
o) Eq, ime = ..o O 2 s[1]
(i) the elastic potential energy stored in the spring is a maximum,
& ~E= 0 - time = w........... O ............................. s[]
2
(iii) the mass is in equilibrium.
KE = MK time = oo, (9‘2,_ ............. s[1]
= OQ
© UCLES 2012 9702/21/M/12 [Turn over
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(c) The arrangement shown in Fig. 3.3 is used to determine the length [ of a spring when
different masses M are attached to the spring.

Fig. 3.3

The variation with mass M of 1is shown in Fig. 3.4.

—nd
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;.__IL :
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|
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M/kg

4

Fig. 3.
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(i) State and explain whether the spring obeys Hooke's law.

Vog. .. abes.. Hoph% Ao ale. MO IRIRS...... 5"
S SR EN 08y Hookes.... .. stnkes

...ﬁzca.e..ls...p!.bp.t.?(.‘b.@.’zm...‘ca..Mé.ﬁxi@nﬁ@m....CH.@.M?......[2?

(if) Show that the force constant of the spring is 26 Nm™".

@ F=0-40x98 (= 35 X0

.. @Xtension =
=Wt 35X0-% —20KI0
- 2,
(N)0-40Xq8l =K * . k=266 = I5X0°
() s _, &
& 26Nm é 5
(iii) A mass of 0.40kg is attached to ghe spring. Calc energy stored in the
spring. 26°1¢
Ly = 2 x28K(5 - 02942
2 2 »
V0294
L0 2 (2sF)

QQ energy = 0&‘? ......................... J(3]

¥

urn over
9702/21/MIJ/12 [T
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4 (a) The output of a heater is 2.5kW when connected to a 220V supply.

(i) Calculate the resistance of the heater. 2
p= V= 2500 = 20
. R R

o8 <
o) 194255

resistance = .......... W/q ............ Q[2]

(i) The heater is made from a wire of cross-sectional area 2.0x 107 m2 and resistivity
1.1x107Qm.

Use your answer in (i) to calculate the length of the wire, 4 ?_’
R= f_/: VE 19-36 7(’2/\:)60 - 2-52m
R MLX1D
& 3.5 (257)

@ length = ..oceeeenees 3..5 .................... m [3]

(b) The supply voltage is cha V.

(i) Calculate the poweri@utput of the heater at this voltage, assuming there is no
change in the fesistance of the wire.

S OL\/L
«:};§>$: _lq_x 25,90 = 6925 W

(i) State and explain quantitatively one way that the wire of the heater coul
changed to give the same power as in (a).

d be

X kincenced.. A mes. on sud..2.... R.sz@..f/g..

3. 0N ... 0040, . Coponsall. ale. nudt. .2 &

....................................
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5 (a) (i) State Kirchhofi's second law.

k , inre et For
\ﬁzr.chm%..sz@(mo(./mmnm%Enﬁ.m.ge@m.m.

m\sm%/\mwmmmmmmx ..........

...... (1]

(i)  Kirchhoff's second law is linked t i i
it 0 the conservation of a certain quantity. State this
%1% ............................................................................... eeerreneeeeenee s (1]

Iv

uniform resistance wire
length 1.00m

The uniform resistance wig XY has length 1.00m and resistance 4.0Q. Cell A has
ternal resistance 0.50Q. The current through cell A is I. Cell B has

e.m.f. 2.0V and i
e.m.f. Eanl in
L 4

resistance r.

The currefrt throu

that the length J is 0.90m. The variable resistor R has resistance 2.5Q.

[ ]
(i) Apply Kirchhoff's second law to the circuit CXYDC to determine the current I.

2= I X R
2=1 (650 —\’2-5—”4)

© UCLES 2012 9702/21/M/J/12
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12
(i) Calculate the potential difference across the length of wire XJ. . .
ﬂeélghﬂ&ap 0 49m wile = ‘0—-6’{)( 4 = 3‘6JL &er
' |
Ve (A=~ 620573 36 = /°0Z52y
=~ |- 03

|03

potential difference = ...l V(2]

(iii) Use your answer in (ii) to state the value of E.

W0 |3 =103 RN ST

& |
E= v k ...................... V(1]

(iv) State why the value of the internal resistance or@ is not required for the
determination of E.

...... Ne.cuteal.. = Q el v NI AR 5. 20

© UCLES 2012 9702/21/M/J/12
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6 (a) Alaseris usedto produce an interference pattern on a screen, as shown in Fig. 6.1. For
t Examiner’s
Use
Py
. "

laser light ) :
wavelength 630 nm
L | ———scre i
double slit”™ ' 1.50m en |
: i

Fig. 6.1 (not to scale)

|

: |
The laser emits light of wavelength 630 nm. The slit separation is 0.450 mm. The distance {
between the slits and the screen is 1.50m. A maximum is formed at P4 .and a minimum |
is formed at P, |
|

|

Interference fringes are observed only when the light from the Slits is coherent.

(i) Explain what is meant by coherence.

................................... T - oo iseaasitn sins st 448480 donmnnn san nonanaessasnarssnasnrsrannases |1 ]
(iii) Explain how an iQeﬁe minimum is formed at P,.

gzl Lo YoM

(iv) Calculate thefringe separation.

..q
. O
H <+ A -S5O )(, 65’ X0

a 6-450 X102
= 0 - 002\
fringe separation = OOO‘Q“ .............. m [3]

© UCLES 2012 9702/21/MAY/12 [Turn over
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double slits is increased.
f For
| Examiner’s

Slace. Foplitude. 6. frcpatimad top U
g, kel B e s 7
beight fivges. k..t e
(6.1 |
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7 (a) The spontaneous decay of polonium is shown by the nuclear equation
283 Po —208Pb + X.

(i) State the composition of the nucleus of X.

Mol pucleus...=2... éb/nmtan....z?rwexbf%

..................................................................................................................................

2.J6.. 4. hmbae Aot Ay... W@%V@@..ﬁm@@%

(b) The mass of the polonium (Po) nucleus is greater than the,€ombined mass of the nuclei
of lead (Pb) and X. Use a conservation law to explain qualitatively how this decay is
possible.

Cuen heugh. . mass..dibars. 4L 90.. aotad a0s5 40099

Mo saelicdion . A2..i5..omifod s..400....
m cenglorl...... W W
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