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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,

c=23.00x 108 ms™!
ty=4nx 107 Hm™

£y = 8.85 x 10712 Fm~1

1
(
4Jt80

e=1.60x10"19C

= 8.99 x 109 mF~1)
h=6.63x10"34Js

u=1.66x 1027 kg @
m,=9.11x1073"kg . bq
P

=1.67 x 1027 kg *\

7 x 107" Nm2 kg2

acceleration of free fall, eQ 9.81 ms—2

-
MR

*
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Formulae

uniformly accelerated motion,

work done orvby @ 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,

oo &
decay constant, "’
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v? o= u?e2as
W = pAV
Gm
h oo
¢ r
p = pgh
Nm
1 2
p = §—V~<C >
a=- wzx

Q

. 4neqr

1/C =1/C, +1/C,
C= C1
ol
1+F? +.

= 1IH +1/R, +.

Q@ X = Xosm wt

X = Xyexp(—At)
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Answer all the questions in the spaces provided.

N
(1]

or /c‘ad‘
ool

s first law of motlorawr /‘QSf
AAUNAUHE

(b) The variation with time t of vertical s

W)

peed v of a parachutist falling from an aircraft is

M..100

JDbod,
N,

(ii) State Newton’

(@) (i) Define acceleration.
shown in Fig. 1.1.

1

30

20

10

T T T [ [ | | ] [ ! ] b
7_ e , - .F [ ! m ! i ] ! - ! L
EEEREEEEE ; 7 I ) ! | [ R
| L. 1 T A i I . s . . -
- i i T e
| !
P A 0 N I S I
EEREN NN “ ! R
L - - . L " e Y S
‘ 8 - - 1 | { [ IR
(N ! | i ]
K 1 |_|
] «h |- I _ | I -
- =i - : - -+
4 t ! T
T T :
EEENESSREERNENEEE 1+ T
[‘,IIA| T I I i
N i 1 i !
= Lk - 1 - ——t- e
| i E 1]
i R . I T ] 1
1- -l e + ~ - - . g
RN 7.0 EEEEEE T Ji T |
1 T i 7 T i
q N ER N T 7, T 1
L T | | . i
! L ! i | i !
-+ - o 11 L -1 -
] | 1 ! |
N EEAN i - SRR O o S
“ | _ ” \\‘V - “ T T
i T T e R 1 i !
L ! - ~ ! ! ! I
-O L . , -
N ! EEF AVN ; T
I 1 ]
“ | T T
-1 - e e (S - R i S I r o B o SRS S
! ) ! T ! N RREE
1 i 1 T 7 T
R ! 1 T T
B 1 i !
T T T T T
REEN BENREEREE o T ~ = RENE
\ ) 1 1 T
I T TT
\ ENERENY 4 T
i | +I|w T 717
\ 1 [
EEEREEEan iy i EEUEES IS SO
A
] N-1- -
— Il
N
t
<
1] Il.ﬂ
4 F G S Y R O 1
i 1. ERN EEN
-4 _! 18 N O Y N —
o
(o}

501

v/ms™!

30

t/s

Fig. 1.1

9702/21/0/N/12

© UCLES 2012




5

(i) Calculate the distance travelled by the parachutist in the first 3.0s of the motion. ¢,

2 i

& AAS
| distance = 443 ............................ m [2] !
! f (ii) Explain the variation of the resultant force acting on the parachutist from t = 0 E
(point A) to t= 15s (point C). '
InL. Aot 4000 0ctiNe ... hara chad Bt
| QAN michenal.. /2008 NS0 sEs wf5 W
B e ... wejgt = Sidhah fve..,..o, e beins...
| by icbenad .. andad 28 dem
| E/NA %ﬁmﬁl%z@s LA b i s T
(iii) Describe the ganges to the frictional force on the parachutist
1. at t=15s (point C), :
fickienal... fence.. JecRnges...Las. volodly, 5fa/zszfc
| oenLase).......... 0 AN
.................................... .............................................................................. [1]
2. between t= C) and t=22s (point E).
Mve\w@@mmwo $00..... ichionad. A2re i0coss
NSO ST o= 2 1 S —
- TRt R R A R [1]
N
i
i
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6
(iv) The mass of the parachutist is 95kg. . For
LIExaT,.'rer's
Calculate, fo}' the parachutist between t= 15s (point C) and t= 17s (point D), i Use
|
1. the average acceleration, ,QO -2
Q= DNy - 5 0_______/9\ = 15ms

t

acceleration = ............ 15 .................... ms=2 [2]
2. the average frictional force.
pF = wW— hickorak fence

- A - - Re ui%u
fddonal ol = %;sw s

=
(‘A@ 45X ¢ «5)
+ l‘go?f) \
2 360N ,‘

O@»me— 256@ .......................... N 3] |

Qz’Q

S
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2 (a) Define electrical resistance.

Pesistunce... s aqual Yo patenial difRren.............
ooy fefed... by QU r>Yr)

(b) A circuit is set up to measure the resistance A of a metal wire. The potential difierence
(p.d.) Vacross the wire and the current I in the wire are to be measured.

(i) Draw a circuit diagram of the apparatus that could be used to make these
measurements.

— | '

- e |
Y\\\
® \éq.

0‘

— O

(ii) Readings for p.d. Vand the corr%ding current I are obtained. These are shown
in Fig. 2.1.

0.30 1’ 4\_‘; ;»I - j_:» N BENE i:L R 1 §
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ks N ENTENESNRENRESNEENS?"ZocERRRRARRRRRRRRN:
K e O

0159 T _’ft_.;‘"_

0.101— I w
;T-J A-—fw»

i [0 O N Y

0.05 7 : ,'_; -t —
i i T S !

1 BENERSRN NEN n 3 1
0 1" T T+ |
0 3.0 4.0 5.0
VIV
Fig. 2.1
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Explain how Fig. 2.1 indicates that the readings are subject to

1. a systematl“c uncertainty

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

(iii) Use data from Fig. 2.1 to deteralne R. Explain your working.
WW\ \f: (9] ) I Shoul

<
bep  (y=)8
- mordueto godyor = 005 V= é@

sakV= 20 T= (o 14—0-05) (\

VT IR Q‘

£

R= V. = 2Y _ 2222
I 0 oq

............................................. Q [3]

(c) In another experiment, a value of Ris @1 ed from the following data:

Current I = 064i001Aandpd +=0.1V.

Calculate the value of R, tog

lts uncertainty. Give your answer to an appropriate
number of sngmflcant fi

. 6% jo-6250

i
G\JQ
OQ ~

>
S
\*/
(—\\
ol
2s
Ne
NG

= 30033
pbs WUunte = 3033 X 0 §25 r= 02 022 o (3]
— 0 L322, A 0- 28 SL
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10

3 (a) Define pressure.

pfefsmevé\é@%@[{pm&[e/wm . ;EE

|
!

(b) Explain, in terms of the air molecules, why the pressure at the top of a mountain is less '
than at sea level. '

l

|

honee }mth5 o closer. wﬁ%ﬂm and b lewer...
Spoad...y since. mmwms punit.qea. ool ...

....... Wl A0 05155 /W
/\mﬁldﬂ[@f@)ﬁ% Wu&am‘m[&va}) ....... @

(c) Fig.3.1 shows aliquidin a cylindrical container.

container —

liquid —{—

0 " | |0.250m |

Fig. 3.1

The cross-secti rial area of the container is 0.450m?2. The height of the column of liquid
is 0. 25%3 densnty of the liquid is 13600kgm=3.
(i) Ca!cu?ate t ht of the column of liguid.

: D M= 153 08k

Weignt = mg = |38 15200 961 =

= 1509-3N
& \5000 N

weight = ...... 6&00 ...................... N [3]

© UCLES 2012 9702/21/0/N/12




(ii) Calculate the pressure on the base of the container caused by the weight of the  For
‘ liquid. | Examiner's

t
I 11
f Use

I pressun =hPg
{ = 02;0/”3600qu}

| = 33354
. '. -\/3 .3 X,04 pressure = ..... 3’3/{/@4 ............ Pa [1]

(iii) Explain why the pressure exerted on the base of the container is different from the
value calculated in (ji).

Re.aill. |t prossiky.. 0dsC aa&sm{m /Ww
durfice W M. aidl] ho oo -
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4 (a) Describe the diffraction of monochromatic light as it passes through a diffraction grating. |

O Watle pagsos. uzaugh... e St o, gt Sk

LA IR D

........................................................ g [2]

(b) White light is incident on a diffraction grating, as shown in Fig. 4.1.

spectrum (first order) —
white light ﬂ T N

white (zero order) — v

\-
7

diffraction

: spectrum (first order)
grating

screen

Fig. 4.1 (not to scale)

For
h_ﬂ'r ors

|
}

The diffraction pattern formed on the screen has white light, called zero order, and |

coloured spectra in other orders.

(i) Describe how the principle of superpdsiti@n is used to explain

1. white light at the zero order,

. /)M) dl@eﬂﬁféa .............

wv{ld@?m Ho. mo;,mww ot d{f%/ﬁf'
“Vy/ om B Zere oreton
Y

]
@ =
£

OU o 77
© UCLES 2012 9702/21/0/N/12
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(i) Light of wavelength 625 nm produces a second-order maximum at an angle of61.0° |
to the incident direction.

Determine the number of lines per metre of the difractich grating. "IE“JS
dsin@= N o= U nE \ |
=t wpemst o

Sing Sin 61-0 -
= TN X2
N=j= %AID F 7 number ottines = ... -0, X105 m (2] |

i
part of the visible spectrum that gives a
me angle as in (ji).

(iii) Calculate the wa elengt of another
maximum for a different order at the sa

AL=%1 X [07 X2,
W?IAZX}O |
/a/L |
dsin@ = N2 5257/0 /< 2
@n=] 42X« singl = /25,r10

x= . zsxm‘“‘wmg,\ )
@n=1 (42 x107 ¢ sing])- 2
P (%gth = e 4 20 ................ nm [2]
@n=3 M2 X0 ,<sm61

2 X10

QZXIO fV) = 420 AMl
; )‘ -

*
£
K e

v 9702/21/0/N/12 [Turn over
~ ©®UCLES 2012




14

5 (a) Explain what is meant by plastic deformation.
For

Wﬂmgﬁ&ﬁslémlm(gwwww/%@&{@wma

........................................................
-------------------------- ;
I CL I LA LIS .
i
.

(b) A copper wire of uniform cross-sectional area 1.54 x 107°m? and length 1.75m has a
breaking stress of 2.20 x 108Pa. The Young modulus of copper is 1.20 x 10" Pa. “

(i) Calculate the breaking force of the wire.

shzss = F sttain = %Z‘:

. -6
E = 22pXIBX 54X
= 33%-8 NV
A 340N

breaking force = .......... 34 .......... N [2]
(i) A stress of 9.0 x 107 Pa is appﬁed to the wire. Calcul ée sion. ,
Voungs todolis = 20l
) .
;. Sfain = 9”55/[!-99/(/01) -3 |
pr qoXI0T o 5
. = ; l
l '?5 | 20‘ Xm@extension: ...... / v3)<70 ............... m [2]

use the Yo:ung modulus to determine the extension

(c) Explain why it is not appr
when the breakingfo

................................................................................................................
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6 (a) Describe the structure of an atom of the nudiide 233U.

MDaS. B ootons. 4. 10.3. neWiRLS... 1. Hre. Puadtons, i
é@e)edfma/mnammd&zs@wm/ @Ww&’ﬁ

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

(b) The de.ﬂecyion of a-particles by a thin metal foil is investigated with the arrangement
shown in Fig. 6.1. All the apparatus is enclosed in a vacuum.

detector of ei-particles

o source & / 4
path of deflected
a-partieles

Figle.1 &,

The detector of a-particles, D, is n'@érdund the path labelled WXY.

(i) Explain why the apparaiEchosed in a vacuum.

B 0‘}\% 1 |
20.... L et Vel@wfmgh/lpw,h%dmﬁeg |

(ii) Stﬁ? a ain gﬁe readings detected by D when it is moved along WXY.

; HakipsgpPoading. will. buoberidl it X...0. ngjenll]
| of. e . JrasdicteS wudl dTul... withoul . being. leHadd
! a/AdL..ﬁM..Ml@&&.@&..béj...slw..mglesmcmawm ..........
e dedecdock... Bty feus of ... usk g dlofle deead....
pacKuand,. Cx. Mininavwm Reade1g. ek (0.8 X). . is......

ALLautit. PEE o cadom. 5. om @t oPAE. b 1@ 5.... o
15 tononteckeol. ot themueleus w}ﬁ‘%(s also o .

Question 6 continues on page 16.
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(c) A beam of a-particles produces a current of 1.5pA. Calculate the number of a-particles For

per second passing a point in the beam. . Examiner’s
—_— B - Use
' . . w ’ 2 2 é
4+=1 2 1-5XID
— ’——__—_——_"

- ; ~/
w9 zxiéx1p"” X6 X107

t= HEFDD
A AT s

£
number = 47*/& ................ s [3]
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