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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 unit
rest mass of electron
rest mass of proton
molar gas constant

the Avogadro constant
the Boltzmann constant
gravitational constant

acceleration of free fall
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¢ =3.00 x 108ms™!
Uy = 41 x 107"Hm™!

£, =8.85 x 10712F m™"

1
431:80

( =8.99 x 109mF-)

e=1.60x 10"1°C
h=6.63x1034Js

1u = 1.66 x 1027kg
m, =9.11 x 10737kg q&
m, = 1.67 x 10~%"kg b
R =8.31JK
k= ® SJK-1
Cx 10-""Nm?kg—2

.
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Formulae

uniformly accelerated motion S =ut+ %ate
v2 = u?+2as

work done on/by a gas W = pAV

gravitational potential ¢ =- GTm

hydrostatic pressure p = pgh

pressure of an ideal gas p = %N—‘T(CZ)

simple harmonic motion a=

velocity of particle in s.h.m. v

Doppler effect f,

electric potential

capacitors in series 1/C

capacitors in parallel C

energy of charged capacitor 3 %QV

electric current = Anvqg

resistors in series =R +R,+...

resistors in parallel TN

®

=1/R1+1/R2+...

BI
Hall voltage = nig
alternating current/voltage X = X, sin wt
radioactive decay X = X, exp(=At)
decay constant A= 0.693

t;
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4

Answer all the questions in the spaces provided.

1 (a) State Newton’s law of gravitation.

Jhe.... Qmuitqb'mm...[me..beﬁu.em....ﬁm../wnt. masses. /s... profortonod.
to. produck.of . Aheic. masses. £...ioversty.. proportionad... . to. the Syualta.
pfﬁarg/mﬂmF=£ﬂﬂ ................................................................... [2]

(b) A geostationary satellite orbits the Earth. The orbit of the satellite is circular and the period of
the orbit is 24 hours.

(i) State two other features of this orbit.

1. Rbove, Ahe ookl

[2]
(ii) The radius of the orbit of the satellite is 4‘.23 x 10%km.
Determine a value for the mass ofthe Eérfh. Explain your working.
FG' = Fe = 4"'2
GHm  _ w*r ,a 3 T*
re ' alite)
Q Rem evibef (apass of sbject (sat
CMm _ w* 3
— = ooesit affect Force - ) q
g ; O GH _ 4n? W e ANTx (423%10)
Pyl (24X 3666) X 662 05"

~ 60X |024

mass = .....! 6 0 ..... 7(\0 ......................... kg [4]

[Total: 8]
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2 (a) The kinetic theory of gases is based on a number of assumptions about the molecules of a
gas.

State the assumption that is related to the volume of the molecules of the gas.

Lomponed.. fo. 4he. Nolume...6couhieoA. ... by, the. gas. s 1he... Volume
OF..m0IC0S . 15 DGGNAIBIR ...

(b) An ideal gas occupies a volume of 2.40 x 102m? at a pressure of 4.60 x 10°Pa and a
temperature of 23°C.

N, = 6.02 x 1023 mol™"
(i) Calculate the number of molecules in the gas.

T &
p\l nR e
4.COXI5 X 240 X10 2. Ax 83X (2-?“*2 )

= 4-488 * 444/"70(
23
4-49 X602 X\0

.. ..'\l— =N N - 2
SN = 2-%0IN\x10%1
. o 40X 102"
Numioer of moleculs = "’m?:g“: V2 & 29
Avagand o torstent Nfiimber = 27—)(/0 ............................ 3]
(ii) Each molecule has a diaer@pproximately 3x10719m.
Estimate the total V, gas molecules -
4 ax10°°)3
2 AJ
m@‘ Volwme of a shne¥
( oNne MD[QOU-LQ_)
~5
= 3-8FXI10
-5
T AXI0 Ax16°
(_QJ\S Yo least & in q/f\') volume = ... VN b Y m3 [3]

(c) By reference to your answer in (b)(ii), suggest why the assumption in (a) is justified.
R 4X10 2 Golume. of molealed) . muioh Lower Yran
2:-4X107" m3fvoUAmeo-F326> ........................................................ [1]

[Total: 9]
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7

3 (a) State what is meant by specific latent heat.

(b) A student determines the specific latent heat of vaporisation of a liquid using the apparatus
illustrated in Fig. 3.1.

liquid (Ay—o-

pan

The heater is switched on. When th
noted at 2.0 minute intervals.

s boiling at a constant rate, the balance reading is

After 10 minutes, the curre eater is reduced and the balance readings are taken for
a further 12 minutes

© UCLES 2019 9702/41/0/N/19 [Turn over
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The readings of the ammeter and of the voltmeter are given in Fig. 3.2.

ammeter reading | voltmeter reading
/A JAY
from time 0 to time 10 minutes 1.2 230
after time 10 minutes 1.0 190

Fig. 3.2

The variation with time of the balance reading is shown in Fig. 3.3.

500

19

480 A

balance reading/g

460 >

//
7

440

424

p4

420

4

I"

400 B

0 4 8 12 16 20
time/minutes

Fig. 3.3

© UCLES 2019 9702/41/0/N/19
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OTE
N : (90— 431
for Intent Mafff | | | . | :
Va’r\ouruSWﬁOf\ From time 0 to time 10.0 minutes, the mass of liquid evaporated is 56 g.
= h Use Fig. 3.3 to determine the mass of liquid evaporated from time 12.0 minutes to time
H 1 3&5 22.0 minutes.
. - _
;jw‘ hﬁatO‘F 4&4 - Bql - 31 mass = .............. 32 ................................... g [1]
r ate”(f
fusion (ii)] Explain why, although the power of the heater is changed, the rate of loss of thermal
Hois u + ( energy to the surroundings may be assumed to be constant.
i —lioped. | Semhiachwd. défface... bohwra ooz . W@ww(,u_e,
DO ChONGE =
(iii) Determine a value for the specific latent heat of vaporisation L of the liquid.
GL ‘H tE= ML oS £ ired ag
\oS’C \ ¢ o\V ST
% gond 9\0\6‘5 N e Hingt ne
from haafer A , »
- HaIE = ol 5:6 %\ O & @ sutianeoosly;
= vin ‘
_ W + 20 X1-2. X [0X60 @" 3

from Ool0win *

ﬁ\om \‘)\_ to 22min

(iv)

10 Y60 % (40X | 2

H=

Rake ('Poo’d‘\) = £ .

© UCLES 2019

_ 165600 = 5¢L + H

H" 45 2.00 4

<

' -H +MOXIXIOXGO€ B XL ,_~ 2USO & 2100C25‘f>
4000 = L *

Le 200 Jg! [4]

hermal energy is transferred to the surroundings.

Calculate the

\l\t

w*

o 4+

caloulotted. oosve)

45 :100& (sanne 05

45200 _ 35.3 & $5 W
Ak 600
rate = ..... :I'S ......................................... W [2]
[Total: 10]
9702/41/0/N/19 [Turn over
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4 A mass is suspended vertically from a fixed point by means of a spring, as illustrated in Fig. 4.1.

spring

Fig. 4.1

The mass is oscillating vertically. The variation with displacement x of t cceleration a of the
mass is shown in Fig. 4.2. '

M v ]
e
/,

Y

Q
~
3
L
)

fo»)

//

pd

<
JE 4
N

o/

//

/,

/,

7

-1.5

Fig. 4.2

(@) (i) State whatis meant by the displacement of the mass on the spring.

_Diskonce. . from. o peint._in. o gluen. . dicedion....

© UCLES 2019 9702/41/0/N/19
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(ii) Suggest how Fig. 4.2 shows that the mass is not performing simple harmonic motion.

0@ 2 POE FGNE

(b) (i) The amplitude of oscillation of the mass may be changed.

State the maximum amplitude x;, for which the oscillations are simple harmonic.

(ii) For the simple harmonic oscillations of the mass, use Fig. 4.2 to determine the frequency
of the oscillations. —

a i
o= -Wwit fiom {foph a=1ms' when % = - 05 XI0"

-2
(= - (nf)x Co-¥5 X0 )
| = A“:z.F"' x 0-FS XI10

1
£ = J 0-FSAD XA

= \'QBQ‘ H'Z_ \ ¥
frequency = \8\"\2. ........................... Hz [3]
& \@Hz ~
(c) The maximum speed of the mass when osgillating with simple harmonic motion of amplitude

oy

Xo 1S Vo-

On Fig. 4.3, show the variation displacement x of the velocity v of the mass for
displacements from +x, to —x,,.

S
=
)
&

\
\
b T —~
0
Fig. 4.3
(2]
[Total: 8]
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5 (a) Asection of a coaxial cable is shown in Fig. 5.1.

copper braid
insulation
copper

wire
plastic covering

Fig. 5.1

(i) Suggest two functions of the copper braid.

1. frovicles... RAven. A9 1. SIgNal... e ..............................

(i) Suggest one application of a coaxial cabl e transmission of electrical signals.

....bm.\nokz..........comg.dn'om. eon._ aeriak & TV sek. ...

................................................ @ sl £ )
(b) (i) The constant noise po Qtransmission cable is 7.6 uW. The minimum acceptable
signal-to-noise rati 4

Calculate the acceptable signal power PIVIIN in the cable.

= P
. ) 0y C_M"N
32 = \O \‘3 k me

?':’
36 X\O

|o )( 1 £X10
00\ W N o T 01 S W [2]

1|

P 1w

n

© UCLES 2019 9702/41/0/N/19
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(ii) The input power of the signal to the transmission cable is 2.6 W. The attenuation per unit
length of the cable is 6.3dBkm™".

Use your answer in (i) to determine the maximum uninterrupted length L of cable along
which the signal may be transmitted.

Attenobion her und, length. = pttenuabion

7.67\5’0\
6 . ;. dbles [2:6
Atcewunodyon = IO\og \P&S 63 '°'°'5(93.o‘u) L= (o.m
Pout L— 63 \
=lD\o«5 2.¢ = 3-30% & 37 (3,
0-0\2

© UCLES 2019 9702/41/0/N/19 [Turn over



14
6 (a) State an expression for the electric field strength E at a distance r from a point charge Qin a

vacuum.
State the name of any other symbol used.

E= P whety &, aa the hOy 1 My....aszfee..%ﬂlf. .....

............................................................................................................................................. [2]
(b) Two point charges A and B are situated a distance 10.0cm apart in a vacuum, as illustrated in
Fig. 6.1.
charge A charge B

: 10.0cm oe :
Fig. 6.1 §
A point P lies on the line joining the chat r- B. Point P is a distance x from A.

igffield strength E at point P is shown in Fig. 6.2.

The variation with distance x of the ele

T
2.5 l'
E/102NC \ l
\ /
X 4
L 24 "’ \ /
*
\\ ,/
15 N
1.0
0 2 4 L 6 8 10
x/cm
Fig. 6.2

© UCLES 2019 9702/41/0/N/19
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State and explain whether the charges A and B:

(i) have the same, or opposite, signs

(i) have the same, or different, magnitudes.
Samg... mognitdes. . as.. b ominionur? Npluo. sat. the ..
..... MUAPOWTE

(c) An electron is situated at point P.

Without calculation, state and explain the variation in the maghitude of the acceleration of the
electron as it moves from the position where x = 3cm tothe position where x = 7cm.

Aadetation..ja.. Mopeitbianadeste. .. feld. stengthn. ..

[Total: 10]
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7 (a) Anideal operational amplifier (op-amp) has infinite bandwidth and zero output impedance.
State what is meant by:

(i) infinite bandwidth

(b) The circuit for a non-inverting amplifier incorporating an ideal op-am@hown in Fig. 7.1.

-

for non inverfing oh emh 4.0kQ E gt = Veur

L+ Re Vin
Rin
Gain for - invetting oh amp ]
= Re o A
Qin v Vour
IN

Fig. 7.1

The light-8mit
least 2.0 V;Q
The currentin t

(LED) emits light when the potential difference across it is at
D must not be greater than 20 mA.

(i) Calculate the gain of the amplifier circuit.

\+ 400 _ ¢.o
900

gain = ...... 60 ......................................... [2]

© UCLES 2019 9702/41/0/N/19
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(i) Determine the value of V| for which the value of V;is +2.0V.

PN = Neor o= 2

]
Vin N

(iii) State the maximum value of the output potential V.
maximum potential = 5\1 .......................................... V [1]
(iv) When the op-amp is saturated, the potential difference across the LED is 2.2 V.

Calculate the minimum resistance of resistor R so that the current in the LED is limited to

20maA.
V= S5-a-2 = 2€ qo
ALY O

0 [Total: 8]
X

© UCLES 2019 9702/41/0/N/19 [Turn over
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8 (a) A long straight vertical wire carries a current I. The wire passes through a horizontal card
EFGH, as shown in Fig. 8.1 and Fig. 8.2.

current out of
plane of paper

H G

IA wire

E + F
E \ F
Fig. 8.1 @S (view from above)

On Fig. 8.2, draw the pattern of the magnetic fi duced by the current-carrying wire on

the plane EFGH. (3]
(b) Two long straight parallel wires P and @s::uated a distance 3.1 cm apart, as illustrated in

Fig. 8.3. 0
Q@g T8.5A |
/wwe Q

Fig. 8.3
The current in wire P is 6.2 A. The current in wire Q is 8.5 A.

The magnetic flux density B at a distance x from a long straight wire carrying current I is
given by the expression

g ol

2nx

where , is the permeability of free space.

© UCLES 2019 9702/41/0/N/19



19 permeability of free space Iy = 4w x 1077Hm™'

Calculate:

(i) the magnetic flux density at wire Q due to the current in wire P

b= pol  _ ALXIG” x b2

Slw. | 2l x 210
= 4XI6° T
=5
flux density = ...... 4 X,D .................................... T [2]
(i) the force per unit length, in Nm~', acting on wire Q due to the cu tin wire P.
F=BIL @

= 4x10° X E5X|, é 24% 167

~—/ \-m
farx donsily zr:;n%m
o @ n Qo

Iz } ~4
force pe@ngth = ..34ax\0 Nm- [2]

(c) The currents in wires P and Q ar t in magnitude.

State and explain whether t s per unit length on the two wires will be different.

Jdhey mlL ho... Sams.. myduﬂm Newiars.. Thitd.lpe. states.

Sa(rl?(mfg (7 2]

[Total: 9]

Rembdf, F+ j’“;ﬂl;LIzL y b the poductof T, I, wil stay e
qune for botn o wires, ond  fofce willER tw same, Qiven ey
VM of  egpa) \enghs.
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9 Diagnosis using nuclear magnetic resonance imaging (NMRI) requires the use of a non-uniform
magnetic field superimposed on a constant magnetic field of large magnitude.

Explain the purpose of:

(a) the large constant magnetic field

SIhe o wain Juhese. . & muciei. precess. (e spiming.of . e . pioton

B Corstant. mgniic.. fobl ja. used.. so.thal. she froqency. pdos....
Yrecession ..( Awmot.. feparcy). db.... m*wmn@aarﬂadxom
............................................................................................................................................. 2]

(b) the non-uniform magnetic field.

..}m....ﬁ!z.mmcﬁ...o},.im.....hr.ecess.ion......de{xxm.\s..m.ihc....{iz\a....mﬁ\., .............
On... 00 . niforen.. iOGRLRC..... ek allousl Yo Xhe... Shinndng. kel

Yo ke Noceted PN, &

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

@ [Total: 4]
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10 A bridge rectifier using four ideal diodes is shown in Fig. 10.1.

W WS
\loen uc:ﬁ wh

(SN

/AR

AN
N

T
" Q\IC
R [ \s
| con 7 X |
[ X

<
Fig. 10.1 bq

The sinusoidal alternating electromotive force (e.m.f.) applle‘*\een points A and B has a root-
mean-square (r.m.s.) value of 7.0V.

(@) (i) On Fig. 10.1, circle the diodes that con n point B is positive with respect to
point A. [1]

(i) Calculate the maximum potential difference V,,,, across resistor R.

9

8’0
’ Vax = eeeeee qq‘ ..................................... V [1]

© UCLES 2019 9702/41/0/N/19
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(b) A capacitor is connected into the circuit to produce smoothing of the potential difference
across resistor R.

The variation with time t of the potential difference V across resistor R is shown in Fig. 10.2.

A

/

4 71N WANN 'I' " magnitude of
_1__ripple

~

Fig. 10.2 iQD
(i) On Fig. 10.1, draw the symbol for a capacitor, conncct to produce smoothing.
(1]

Ce Q (i) State the effect, if any, on the magnitude of the on V when, separately:
’—
N 1. a capacitor of larger capacitance is u

¢ A N

2. the resistor R has a small

.............. Increagts. .
<

i< (4
\ = Vo v [Total: 5]

AR
N4

© UCLES 2019 9702/41/0/N/19 [Turn over
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11 (a) With reference to the photoelectric effect, state what is meant by work function energy.
Je_amownt.. o <nergi foguined. by o photen. to.. @move
O QRO AOM O SUNFACE . oo

(b) The work function energy of a clean metal surface is 5.5 x 10719J.

Electromagnetic radiation of wavelength 280 nm is incident on the metal surface. The metal is
in a vacuum.

() Calculate: E= N3 V= (SRS
1. the photon energy l’——;?
£: e N
~
-39 Q
(¢-c3X16 (3 X10)
T 236 x 107"
R 1AX (07 g -
phafon efiergy = .. F- L X 1O J 2]
rest mass of electron m, =9.11x10%"kg

2. the maximum speed VMAX® electrons emitted from the surface.

-1
_c.5 X107

004_.\ wig') - (55 o)
..\‘\)_, (5.5 X10 "

U
—
+1
x<
o

(e
Leang)v

2 s
V= 54x10°  , _ S0 XD s @

(i) Explain why most of the emitted electrons will have a speed lower than v,,,.

m%m ...... Moguinb Q... 30, khig... L. 4o e
“sunface.

................................................................................................................ [1]

© UCLES 2019 9702/41/0/N/19
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(c) The electromagnetic radiation incident on the metal surface may change in intensity or in

frequency.

Complete Fig. 11.1 by inserting either ‘increases’ or ‘decreases’ or ‘no change’ to describe
the effects of the changes shown on the maximum speed and on the rate of emission of

electrons.

Inkonsity 15 not deyondent of velecity

change

maximum speed of
electrons

rate of emission
of electrons

frequency

reduced intensity at constant

. dogfeases..

intensity

increased frequency at constant

© UCLES 2019

9702/41/0/N/19

(4]

[Total: 12]
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12 One possible nuclear reaction that takes place is
235 1 95 139 1 0
U + on = Mo + 'Fla + 2pn + 7_je

Data for nuclei in this reaction are given in Fig. 12.1.

nucleus mass/u total TSEIZ (c));‘]g(/—:tsarate mass defect/u ps:n:lig?eggi:\%v
%Mo 94.906 95.765 0.859 8.443
PLa 138.906 140.125 1.219 8.189
232U 235.044 236.909 1.865 | ... ?‘4‘ ................
Fig. 121 unified atomic mass unitg® 4 1u =1.66 x 10727kg

(@) Show that the energy equivalent to a mass of 1.00u is 934 MeV.

. q5 F 3
%znww of Mo, = 2948 X5

Y02 085
Fntrey. STO M3y | AR5 . 3% M
" Moss Gefetk gy, 0%
2 Q) & R34 WV
(2]
(b) (i) Use data from Fig. 12.1 to te the binding energy per nucleon of a nucleus of
uranium-235 (233U). Co ig. 12.1.
Q Binclong anergy g - Dindirgh
B ¢65
o 4 Mass WLF'?J& (-
Y - NUCKRON
Bi ergy = |-€65 134 Binding ‘enetgy [
194]-9\ < [(HL9L - 4.4 2
235
o 7.4 2]

(ii) The nucleon number of an isotope of the element rutherfordium is 267.

State whether the binding energy per nucleon of this isotope will be greater than, equal
to or less than the binding energy per nucleon of uranium-235.

\QS:-::H\W\ ......................................................................................................... [1]

© UCLES 2019 9702/41/0/N/19
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(c) Calculate the total energy, in MeV, released in this nuclear reactlon

ol Syt = Sty Producks — B adusts .
_ (€443 qu) (_\%q <8 [gq> (235X %
- 143 - 006
R 129
energy = ....... ek — MeV [2]

(d) The nucleiin 1.2 x 10~ mol of uranium-235 all undergo this reaction in a time of 25ms.

Calculate the average power release during the t|me of 25ms.

No of gkoms = l2XIO X gozx\o é@@

= q.zQ.XIO ®

¢ E X10
w "54\@1‘39 Rieased. = ';l-:z‘le(‘)l % 149- 066 X - &
19 ¢
/— = '-122)((0 x\qq OoéleX\O Xl0 & .

Powel =
t 25 X107 OOWM = . qu\O ...................... W [3]
= o“q S G Qq‘l 49 0 [Total: 10]
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