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Appendix A

Answers

1.9702_w2l_MS_41 Q:1

Answer Marks
(a) constant speed or constant magnitude of velocity B1
acceleration (always) perpendicular to velocity B1
b)i) |F=mv2/r c1
or
v=rw and F=mre?
F =790 x942/318 A1
=22000N
(b)(ii) | centripetal acceleration: same B1
maximum speed: greater B1
time taken for one lap of the track: greater B1
2.9702_w21_MS 42 Q:1
Answer Marks
(@) acceleration perpendicular to velocity B1
(b)(i) decreases B1
(b)(ii) (acceleration of) 9.8 ms2 is caused by weight of car B1
gerzntri petal force must be greater than weight of car
(acceleration > 9.8 ms-2) requires contact force from track B1
?crentripetal force > weight) requires contact force from track
(c) Yamw? = Yamvx? — mgh c1
a=v2/r c1
w2=23.82-2x9.81x0.62s0 vy =15ms"’ A1
a=1.52/0.31 = 7.3ms2 (which is less than 9.8ms2) so no
or
w=(9.81x0.31)=174ms"so n? =174 + 2x 9.81 x 0.62 (A1)
vx = 3.9 ms™" (which is greater than 3.8 ms™") so no
(d) acceleration is independent of mass so makes no difference B1

or
mass cancels in the equation so makes no difference

795
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796 APPENDIX A. ANSWERS

3.9702_w2l_MS 43 Q: 1

Answer Marks
(a) constant speed or constant magnitude of velocity B1
acceleration (always) perpendicular to velocity B1
o)) |F=m2/r c1
or
v=rw and F=mra?
F =790 x942/318 A1
=22000N
(b)(ii) | centripetal acceleration: same B1
maximum speed: greater B1
time taken for one lap of the track: greater B1
4.9702_s20 MS 41 Q:1
Answer Marks
(a) force acting between two masses B1
'f:::rce on mass due to another mass
'f::arrce on mass in a gravitational field
(b) arc length = r@ A1
d=15x10"x12x10°=18x10"”m
(c)() w=2r/T c1
= 2r/(44.2 x 365 x 24 x 3600) A1
=45x10rads™
(c)(ii) gravitational forces are equal c1
::’;ntripetal force about P is the same
Mixa? = Mao(d — x)a? so My [ Ma = (d—x)/ x A1
(e)(iii) | x=0.4d c1
6.67 % 107" x My = (1.0 — 0.4) % (1.8 x 10'2)3 x (4.5 x 10792 c1
My =1.1x10%kg A1
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5.9702 s20 MS 43 Q: 1

| Answer Marks
(a) force acting between two masses B1
'f::)rrce on mass due to another mass
'f::rce on mass in a gravitational field
(b) arc length = r@ A1
d=15x10"%x1.2x10°5=1.8x10"”m
(c)(i) w=2n/T c1
= 2r/(44.2 x 365 x 24 x 3600) A1
=45x10%rads™
(c)(ii) gravitational forces are equal c1
:;ntripetal force about P is the same
Mixa? = Mao(d — x)a? so My Mo = (d—x)/ x A1
(c)(iii) | x=0.4d c1
6.67 x 107" x M1 = (1.0 — 0.4) % (1.8 x 10'2)3 x (4.5 x 1077 c1
Mi=1.1x10%kg A1
6.9702_w19 MS 41 Q:1
Answer Marks
(a) force proportional to product of masses and inversely proportional to square of separation B1
idea of (gravitational) force between point masses B1
(b)(i) above the equator B1
from west to east B1
(b)(ii) gravitational force provides/is the centripetal force B1
GM/rP=r(2n/T)? c1
(6.67 x 107" x M) = {(4.23 x 107)* x 4n%} / (24 x 3600) c1
M=86.0x10% kg A1
7.9702_w19 MS_42 Q: 1
Answer Marks
@) force propertional to product of masses and inversely proportional to square of separation B1
idea of (gravitational) force between point masses B1
(b) gravitational force provides/is the centripetal force B1
GM/R?=Ra? or GM/R*=v?/ R M1
w=2n/T or v=21R/T M1
algebra leading to R%T2= GM/ 4n? A1
(c) (6.67 x 107" x M)/ 4n? = (4.38 x 10°)%/ (2.44 x 3600)2 c1
M=6.45x10kg A1
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798 APPENDIX A. ANSWERS

8.9702 w19 MS 43 Q: 1

Answer Marks
(a) force proportional to product of masses and inversely proportional to square of separation B1
idea of (gravitational) force between point masses B1
(b)(i) above the equator B1
from west to east B1
(b)(ii) gravitational force provides/is the centripetal force B1
GM/P=r(@2n/T)? c1
(6.67 x 107" x M) = {(4.23 x 107) x 4%}/ (24 x 3600)° C1
M=6.0x 10 kg A1
9.9702_s18 MS 41 Q: 1
Answer Marks
(a) force proportional to product of masses and inversely proportional to square of separation B1
idea of force between point masses B1
(b)(i) velocity changes/direction of motion changes/there is an acceleration/there is a resultant force B1
s0 not in equilibrium
(b)(ii)1. | gravitational force equals/is centripetal force Cc1
GMm/R*=mRc? and o=2n/T M1
grrnmz: mV/R and v=2rr/T
?EI;VImIRZ =mR (2n/T)?
convincing algebra leading to k= GM/41? A1
1(b)(ii)2. | correct use of R*/ T? for one planet c1
(c gives 3.54 x 10?"; e and g both give 3.56 x 10°")
3.5(5)x 10%'=(6.67 x 107" x M) / 4n? A1
M=2.1x10%kg
two or three values of R*/ T2 correctly calculated and used in a valid way to find a value for M based on more than one k B1
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10. 9702_s18_MS_43 Q: 1

799

Answer Marks
(a) force proportional to product of masses and inversely proportional to square of separation B1
idea of force between point masses B1
(b)(i) velocity changes/direction of motion changes/there is an acceleration/there is a resultant force B1
so not in equilibrium
(b)(ii)1. | gravitational force equals/is centripetal force Cc1
GMm/R*=mRd? and @=2n/T M1
?EI;71IR2= mZ/R and v=2nr/T
or
GMm/R*=mR (2n/ Ty
convincing algebra leading to k= GM/4n’ A1
(b)(ii)2. | correct use of R®/ T? for one planet c1
(c gives 3.54 x 10'; e and g both give 3.56 x 10%')
3.5(5)x 102'=(6.67 x 107" x M) / 4n? A1
M=2.1x10%kg
two or three values of R’/ T? correctly calculated and used in a valid way to find a value for M based on more than one k B1
11. 9702_s17_MS 43 Q: 1
Answer Marks
(a) gravitational force (of attraction between satellite and planet) B1
provides /is centripetal force (on satellite about the planet) B1
(b) M = (4/3) x nRp B1
o=2n/Torv=2mR/T B1
GM! (nR)* = nRe? or v/ nR M1
substitution clear to give p = 3xn*/ GT? A1
(c) n=(3.84 x 10%)/(6.38 x 10%) = 60.19 or 60.2 c1
£ =31 x 60.19°/[(6.67 x 107"") x (27.3 x 24 x 3600)] c1
p =554 x10°kgm™ A1
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800 APPENDIX A. ANSWERS
12.9702_wl17_MS_42 Q:1
Answer Marks
(a) force proportional to product of masses and inversely proportional to square of separation B1
idea of force between point masses B1
(b) mass of Jupiter (M) = (4/3)zR%p B1
w=2n/T B1
or
v=2mnRIT
(m)ex = GM(m)/x* M1
?n';)vzlx = GM(m)/x*
substitution and correct algebra leading to pT* = 3nn*/ G A1l
(€)i) | n=(4.32x10%/(7.15 x 109 c1
or
n=6.04
£ % (42.5 x 3600)? = (3n x 6.04%)/(6.67 x 107"") c1
£=1.33x10°kgm™? A1l
(c)(ii) Jupiter likely to be a gas/liquid (at high pressure) [allow other sensible suggestions] B1
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13.9702_wi16_MS_41 Q: 1

(a)

(b)

(c)

gravitational force provides/is the centripetal force

GMmirP=mviir or GMmIr?=mre
andv=2nr/T or w=2nl/T

with algebra to T2 = 47°r*/ GM
or
acceleration due to gravity is the centripetal acceleration

GMIr*=v:lr or GMIr*=rdc?
andv=2nr/T or wo=2n/T

with algebra to T2 = 47°*/ GM

(i) equatorial orbit/orbits (directly) above the equator
from west to east
(i) (24 x 3600)* =41%r*/(6.67 x 107" x 6.0 x 10%%)

r* =757 x 10%

r=42x10"m
(T/24) ={(2.64 x 10")/(4.23 x 10")}°
= 0.243
T =12 hours
or

k(= T?/r% =24%/(4.23 x 10")°

=7.61x10%
T2 (=kr*)=7.61x107" x (2.64 x 10")°
= 140
T =12 hours

B1

M1

A1

(B1)

(M1)

(A1)

B1
B1

C1

A1

B1

A1

(B1)

(A1)

[3]

[2]

[2]

[2]
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14. 9702 _wi16_MS 43 Q: 1
(a) gravitational force provides/is the centripetal force B1

GMmirP=mviir or GMmIr?=mre

and v =2nr/T or o=2nlT M1

with algebra to T2 = 47°r*/ GM Al [3]
or

acceleration due to gravity is the centripetal acceleration (B1)

GMIr*=v:lr or GMIr*=rdc?

andv=2wr/T or w=2n/T (M1)

with algebra to T2 = 47°*/ GM (A1)

(b) (i) equatorial orbit/orbits (directly) above the equator B1
from west to east B1 [2]

(i) (24 x 3600)* =41%r*/(6.67 x 107" x 6.0 x 10 C1

r* =757 x 10%

r=42x10"m Al [2]
(c) (T/24) ={(2.64 x 10")/(4.23 x 10")y° B1
= 0.243
T =12 hours Al [2]
or
k(= T?/r% =24°/(4.23 x 107)° (B1)
=7.61x10%

T2 (=kr*)=7.61x 107" x (2.64 x 10")°
=140

T=12 hours (A1)
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15.9702_s21_MS_42 Q: 1

803

Answer Marks
(a) (gravitational) force per unit mass B1
(b)(i) g =GM/P cC1
= (6.67 x 107" x 6.42 x 10%%)/(3.39 x 106)? A1
=3.73Nkg™!
(b)ii) |a=ra? and w=21/T c1
or
a=v’/rand v=2mr/T
a=3.39x 10° x (2n/(24.6 x 3600))? A1
=0.0171ms?
(b)(iii) | force per unit mass = 3.73 - 0.0171 A1
=3.71Nkg™'
16. 9702 s19 MS_42 Q: 1
Answer Marks
(a) (F =) GMm / x2, where G is the (universal) gravitational constant B1
(b)) angle = (1.2 x 103)/(8.0 x 102) = 1.5 x 102 (rad) B1
(b)(ii) |torque =1.5x102x8.3x 107" A1
=14 x10""Nm
(c)(i) |force x8.0x102=14x 101 c1
(Gx1.3x7.5x103x8.0x102)/(6.0x 102 =1.4x 10" c1
G=6.4x 10" Nm?kg=2 A1
(c)(ii) Any one from: B1
* law applies only to point masses/spheres are not point masses
+ radii of spheres not small compared with separation
+ spheres may not be uniform
* the masses are not isolated
o force between L and rod
s spheres may be charged/may be electrostatic force (between spheres)
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17.9702_m18_MS_42 Q: 1

Answer Marks

(a)(i) either direction of force on a (small test) mass B1
or direction of acceleration of a (small test) mass

(a)(ii) Any three from: B3

e thelines are radial
e near the surface the lines are (approximately) parallel
+ parallel lines so constant field strength

¢ constant field strength hence constant acceleration of free fall

(b)i) |g=GM/R c1

g=(6.67 x 10" x 7.35 x 102)/(1.74 x 10° x 103

g=1.62Nkg™ A1
(b)ii) | either xof =GM/X* and w=2n/T c1
or V/x=GM/x* and v=2ar/T
(1.74 x 10° + 320 x 10°)° x 42/ T> = (6.67 x 107" x 7.35 x 10%) c1
T =7.04x 10 A1
T = 8400 s (8390)
18.9702_s18 MS_42 Q: 1
Answer Marks
(a)(i) direction of force on a (small test) mass B1
:arlth in which a (small test) mass will move
(a)(ii) (at surface,) lines (of force) are radial B1
Earth has large radius/height above surface is small B1
so lines are (approximately) parallel
parallel lines — constant field strength B1
(b) (change in) KE of rock = (change in) PE c1
f;zrmv2 = GMm/R
(M = (M)(2 x 667 x 107" x 7.4 x 10%)/ (1.7 x 10° x 10°%) c1
v=24x10*ms™! A1
correct conclusion based on comparison of v with 2.8 km s B1
or
(change in) KE of rock = (change in) PE (C1)
(atinfinity) Ep = (6.67 x 107" x 7.4 x 10% x m)/ (1.7 x 10° x 10°) (c1)
=29x10°m
Exofrock=%xmx (2.8 x10%2=3.9x10fm (A1)
correct conclusion based on comparison of Ex and Ep values (B1)
or
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Answer Marks
(change in) KE of rock = (change in) PE (c1)

;zrmvz = GMmIR
(m) (2800)% = (M) (2 x 6.67 x 107" x 7.4 x 10%)/ R (c1)
R=1.3x10%km (A1)
correct conclusion based on comparison of R with 1.7 x 10°km (B1)

or

(change in) KE of rock = (change in) PE (C1)

;zrmvz = GMmIR
(m) (2800)% = (M) (2 x 6.67 x 107" x M)/ (1.7 x 10°) (C1)
M=1.0x10%kg (A1)
correct conclusion based on comparison of M with 7.4 x 10?2 kg (B1)

19. 9702 w18 MS 42 Q: 1
Answer Marks
(@a)(i) force per unit mass B1
(a)(ii) acceleration = F/m, field strength = F/m, so equal B1
(b) smooth curve between R and 4R with negative gradient of decreasing magnitude B1
line passing through (R, 1.00g) and (2R, 0.25g) B1
line ending at (4R, 0.0625g) B1
(c) M= (413 x nR%)p c1
g = GMI/(2R)? c1
g="x667x10"x1x34x10°%4.0x10° A1
=0.95ms™
20. 9702_s17_MS_41 Q: 1
Answer Marks

(a) gravitational force (of attraction between satellite and planet) B1
provides / is centripetal force (on satellite about the planet) B1
(b) M= (4/3) x iRp B1
o=2n/Torv=2mnRIT B1
GM/ (nR)* = nRa? or v/ nR M1
substitution clear to give o= 3nn*/ GT? A1
(c) n=(3.84 x 10%)/(6.38 x 10%) = 60.19 or 60.2 c1
£ =3mx60.19°/[(6.67 x 107"") x (27.3 x 24 x 3600)%] c1
p=554x10kgm™ A1
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21. 9702_s17_MS_42 Q: 1

‘ Answer Marks
(a) ‘ force per unit mass B1
(b)(i) g =GM/r? c1
=(6.67 x107"" x 1.0 x 10"*)/ (3.6 x 10%?
‘ =51x10°Nkg" A1
(b)(ii) mass = (960/9.81) kg c1
weight on comet = (960/9.81) x 5.1 x107°
=50x10°N A1
(c) similarity:  e.g. both attractive/pointed towards the comet B1
e.g. same order of magnitude
difference: e.g. radial/non-radial B1
e.g. same (over surface)/varies (over surface)

22.9702_wl7_MS_41 Q:3

Answer Marks
(@) force per unit mass B1
(b) changes in height much less than radius of Earth M1
so (radial) field lines are almost parallel A1

;r= GM/R? =~ GMI(R + hy’*
Answer Marks
(c) gravitational force provides/is centripetal force B1
GMm!P =mVir c1
v= (27 x 1.5 x 10'")/(3600 x 24 x 365) = 2.99 x 10° (ms™) c1
6.67 x 107""M = 1.5 x 10" x (2.99 x 10%) c1
M=20x10"kg A1l

or
GMm!? = mra? (c1)
»=2n/(3600 x 24 x 365)=1.99 x 107 (rads™") (c1)
6.67 x 107""M = (1.5 x 10")® x (1.99 x 107)? (c1)
M=20x10"kg (A1)
or
T =47°P/GM (c2)
M =47 x (1.5 x 10")* / ({3600 x 24 x 365)° x 6.67 x 107"") (c1)
=2.0x 10¥kg (A1)
23.9702_wl7_MS_43 Q: 3

Answer Marks
(@) force per unit mass B1
(b) changes in height much less than radius of Earth M1
so (radial) field lines are almost parallel A1

;r= GMIR? ~ GMI(R + h)®
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Answer Marks
(c) gravitational force provides/is centripetal force B1
GMmIrP =mAir c1
v=(2m x 1.5 x 10')/(3600 x 24 x 365) = 2.99 x 10* (ms™") c1
6.67 x 107""M =15 x 10" x (2.99 x 10* c1
M=20x10"kg A1l
or
GMm!P = mra? (€1)
= 27/(3600 x 24 x 365) = 1.99 x 107 (rads™) (c1)
6.67 x 107""M = (1.5 % 10"")® x (1.99 x 1077)? (c1)
M=20x10"kg (A1)
or
T = 4n°F | GM (€2)
M =4’ x (1.5 x 10")’ / ({3600 x 24 x 365} x 6.67 x 107"") (c1)
=2.0x 10¥kg (A1)

24.9702_ml16_MS_42 Q: 1

(a) force proportional to product of the (two) masses and inversely

proportional to the square of their separation
either reference to point masses or separation << ‘size’ of masses

(b) gravitational force provides/is the centripetal force

GMm/r?=mv?/r or GMm/r?=mrew?and v=ro
and algebra leading to v = (GM/r)""?

(c) () 1. valve =(s/r)

1/2

(2.2 x10"°/1.3 x 10%)'2
13 (13.0)

2. v=2ar/T or vocr/ T or vT/r=constant

TA/TB = (rAIrB) X (VB/VA)
=(1.3x10%/2.2 x 10"%) x (1/13)
=45 (4.54)x 107

or

T2=47%3/GM or T?o r® or T?/r®=constant
TA/TB = (rA3/rB3)”2

[(1.3 x 108)*/(2.2 x 10"0)%"2

4.5 (4.54) x 107

(i) T =2n/1.7x10"

=3.70x 10*s

Te=3.70 x 10*/4.54 x 107
=8.1x10"s

If identifies Tyas Tg then 0/2

M1
A1l

B1

B1

C1
A1

C1

C1
A1

(C1)
(C1)
(A1)

C1

A1l

(2]

(2]

(2]

(3]

(2]
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25.9702_wl6_MS_42 Q: 1
(a) force per unit mass
(b) (i) radius/diameter/size (of Proxima Centauri) « /is much less than
4.0 x 10" km/separation (of Sun and star)
?t:ecause) it is a uniform sphere
(ii) 1. field strength = GM/x*
= (6.67 x 107" x 2.5 x 10%)/(4.0 x 10" x 10°y*
=1.0x 107 Nkg™
2. force =field strength x mass
=1.0x 107" % 2.0 x 10%*
or
force = GMm/X3
= (6.67 x 107" x 2.5 x 10 x 2.0 x 10%%)/(4.0 x 10" x 10%)?

=2.0x 10N

(c) force (of 2 x 10" N) would have little effect on (large) mass of Sun

would cause an acceleration of Sun of 1.0 x 107'* ms™/very small/negligible
acceleration

or

many stars all around the Sun
net effect of forces/fields is zero

B1

B1

C1

A1

C1

(€1)

A1

B1

B1

(B1)
(B1)

(1]

(1]

[2]

(2]

[2]
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26. 9702_m21_MS 42 Q: 1

809

Answer Marks
(@) (gravitational) force is (directly) proportional to product of masses B1
force (between point masses) is inversely proportional to the square of their separation B1
(b) correct read offs from the graph with correct power of ten for R® c1
4x 7 x1.2x10% c1
76.67x10’” ><2.4><(365><24><36C»0)2
=3.0%10%kg A1
(c)(i) potential energy is zero at infinity B1
(gravitational) forces are attractive B1
work must be done on the rock to move it to infinity B1
(c)(ii) Gfg’m :m:Z OR vl g OR v= @ M1
use of % m2 (e.g. multiplication by % m) leading to GMm ol
(c)(iii) Ep=gmand o= -GM orE, = —-GMm c1
r r
Total energy = Ex + Ep
Total energy = GMm | GMm _-GMm A1
2 r 2r
27.9702_s21 MS 41 Q: 1
Answer Marks
(a) force per unit mass B1
(b) GMm/r2=mr@? and w=21/T c1
(C’-.‘:Mmfrz =mv?/r and v=2nr/T
6.67 x 101" x 6.0 x 10%* = * x [2n/ (94 x 60)]* c1
r=69x10m A1
(c)(i) Pa? = constant or r#/T? = constant c1
/(6.9 x 106)° = (150/94 so r=9.4 x 105m A1
or
GMT?/4n? = r* and clear that M is 6.0 x 10%* (C1)
6.67 x 107" x 6.0 x 10 = r* x [2n/ (150 x 60)]? (A1)
s0r=94x10m
(c)(ii) | separation increases so (potential energy) increases B1
?nrovement is against gravitational force so (potential energy) increases
(e)(iii) | potential energy = (-)GMm/r Cc1
AEp =6.67 x 10711 % 6.0 x 10% x 1200 x [(6.9 % 108)~" — (9.4 x 106)1] c1
=1.9x10'0J A1
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28.9702_s21_MS 43 Q: 1

APPENDIX A. ANSWERS

Answer Marks
(a) force per unit mass B1
(b) GMm/r2=mr@? and w=21/T Cc1
(C)-.‘:.;Mmfrz =mv/r and v=2nr/T
6.67 x 10""x 6.0 x 10%* = P x [21/ (94 x 60)] c1
r=6.9x10%m A1
(e)(i) rPa? = constant or P/ T2 = constant c1
r1(6.9x 1053 =(150/94)? so r=94x10°m A1
or
GMT%4n? = and clear that M is 6.0 x 10% (C1)
6.67 x 10" x 6.0 x 10% = B x [21/ (150 x 60)]2 (A1)
sor=94x108m
(c)(ii) separation increases so (potential energy) increases B1
?nrovement is against gravitational force so (potential energy) increases
(c)(iii) | potential energy = (-)\GMm/r c1
AEp =6.67 x 10711 x 6.0 x 1024 x 1200 x [(6.9 x 105)~" — (9.4 x 106)-] c1
=19x1010J A1
29. 9702 w21 _MS 41 Q:2
Answer Marks
(a) work done per unit mass B1
(work done in) moving mass from infinity B1
(b)(i) (gravitational) fields from the Earth and Moon are in opposite directions B1
(resultant is zero where gravitational) fields are equal (in magnitude) B1
(b)ii) | ge=MIr2 c1
5.98 x 1024/x2 = 7.35 x 1022/ (3.84 x 108 — x)? A1
leading to x = 3.5 x 108 (m)
(b)(iii) | ¢ (Earth) = (-)6.67 x 107" x (5.98 x 10%*/3.5 x 10%) c1
Zr(.l\df'loon) =(—)6.67 x 107" x (7.35 x 1022/0.38 x 10%)
¢ =(-)6.67 x 107" x [(5.98 x 10%*/3.5 x 10°) + (7.35 x 10?2/0.38 x 10%)] c1
=-1.3x10°%J kg™’ A1
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811

Answer Marks
(@) (gravitational) field strength equals (gravitational) potential gradient M1
reference to minus sign A1
(b)(i) potential is zero at infinity B1
(gravitational) force is attractive B1
(test) mass getting closer (from infinity) loses potential energy B1
(b)(ii) |e potential at (surface of) planet is smaller than at (surface of) moon B2
« 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 moon than planet
Any two points, 1 mark each
(b)(iii) si(ztch:Rone curve, starting with gradient of decreasing magnitude at 2R and finishing with gradient of increasing magnitude B1
atD-—
field strength shown as zero (only) near the point of maximum potential B1
negative field strength near one sphere and positive field strength near the other B1
31.9702_w21_MS 43 Q: 2
Answer Marks
(a) work done per unit mass B1
(work done in) moving mass from infinity B1
(b)(i) (gravitational) fields from the Earth and Moon are in opposite directions B1
(resultant is zero where gravitational) fields are equal (in magnitude) B1
(b)ii) | ge=MIr2 c1
5.98 x 1024/x2 = 7.35 x 1022/ (3.84 x 108 — x)? A1
leading to x = 3.5 x 108 (m)
(b)(iii) | ¢ (Earth) = (-)6.67 x 10" x (5.98 x 10%*/3.5 x 10%) c1
z)?l?/loon) =(—)B.67 x 107" x (7.35 x 1022/0.38 x 10%)
@ = (-)B.67 x 107" x [(5.98 x 102/ 3.5 x 10°) + (7.35 x 10?2/0.38 x 10%)] C1
=-1.3x10°J kg™’ A1
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32.9702_m20 MS_42 Q: 1

APPENDIX A. ANSWERS

Answer Marks
(a) work done per unit mass B1
work done moving mass from infinity (to the point) B1
(b)(i) gravitational force provides centripetal force c1
mv2{r=GMm/r’and v=2nr/ TOR mre? = GMm/ P and @=2n/T c1
OR £ = GMT?/ 4n
P=6.67 x 10" x 6.0 x 1024 x (13.7 x 24 x 3600)2/4 12 A1l
sor=24x10m
(b)(ii) | (Er==)GMmIr c1
work done = GMm/ r — GMm/
=6.87 x 107" x 360 x 6.0 x 10%* (1/6.4 x 105 —1/2.4 x 10%) c1
=2.2x10"y A1
(b)ii) |g=GMI/r c1
ratio = rress?/ fea? A1l
= (24 x 10%/6.4 x 106)
=1400
33.9702_s20 MS 42 Q: 1
Answer Marks
(a) work done per unit mass B1
(work done to) move mass from infinity (to the point) B1
(b) curve from rto 4r, with gradient of decreasing magnitude and starting at (r, @) B1
line passing through (2r, £0.5¢) and (4r, +0.254) B1
line showing potential is negative throughout B1
(e)(i) gravitational potential energy = (-) GMm/R c1
change = (6.67 x 107" x 6.0 x 102 x 3.4 x 10%)/ (6.4 x 10°) x [1/3 — 1/4] c1
=1.8x10'"0J A1
(c)(ii) | rock loses potential energy B1
(so) kinetic energy increases so speed increases B1
or
force is attractive (B1)
moves towards planet so speeds up (B1)
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34.9702_m19 MS_42 Q: 1

Answer Marks
(a)(i) work done per unit mass B1
idea of work done moving mass from infinity (to the point) B1
(a)ii) (gravitational) force is attractive B1
(gravitational) potential at infinity is zero B1
decrease in potential energy as masses approach B1
or displacement and force in opposite directions
(b)(i) Either mv2[R = GMm/R? c1
or  v=V(GM/R)
v =(6.67 x 107" x 6.00 x 102*)/ (7.30 x 10°)
givingv=74x10°ms™" A1
(b)(ii) Ve =-GMm/R c1
=—(6.67 x 10-"1 x 6.00 x 1024 x 340)/(7.30 x 106) c1
Ve =-1.9x100J A1
(c) v« 1/r, (rsmaller) so v greater M1
and Ex greater A1
35.9702_s19 MS 41 Q: 1
Answer Marks
@) (F =) GMm/ x?, where G is the (universal) gravitational constant B1
(b)(i) GMm/x2=mv2/x or v2=GM/x c1
v2=(6.67 x 107" x 7.5 x 10%%)/ (3.4 x 108 + 240 x 10%) A1
sov=37x10°ms"’
(b)(ii) potential energy = (-)GMm/ x Cc1
Ep = (-)(6.67 x 10" x 7.5 x 10%* x 650)/ (3.64 x 10) M1
OEL = (=)(6.867 x 10~ x 7.5 x 1023 x 650)/ (5.00 x 107)
correct substitution and subtraction Eg — Ea shown, leading to AE, = 8.3 x 10° J A1
or
¢ =(-)GM/x and potential energy = m¢g (1)
A¢g = (6.67 x 10" x 7.5 x 10%) x [(1/(3.64 x 105)) = (1/(5.00 x 107))] (M1)
(=1.27 x 107 Jkg™)
AEp =1.27 x 107 x 650 (A1)
=83x10°J
(c) kinetic energy or potential energy decreases B1
kinetic energy and potential energy decrease B1
so total energy decreases
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36. 9702 s19 MS_43 Q: 1

Answer Marks
(a) (F=) GMm | x?, where G is the (universal) gravitational constant B1
(b)(i) GMm/x2=mv2/x or v2= GM/x Cc1
v2=(6.67 x 10~ x 7.5 x 102%)/ (3.4 x 106 + 240 x 10%) A1
sov=37x10°ms"’
(b)(ii) potential energy = (-)GMm/ x c1
Ep = (-)(6.67 x 107" x 7.5 x 10%* x 650)/ (3.64 x 10) M1
DE; = (=)(6.67 x 10" x 7.5 x 102 x 650)/ (5.00 x 107)
correct substitution and subtraction Es — Ex shown, leading to AE, = 8.3 x 10° J A1
or
¢ =(-)GM/x and potential energy = m¢ (C1)
A¢ = (8.67 x 107" x 7.5 x 10%) x [(1/(3.64 x 106)) = (1/(5.00 x 107))] (M1)
(=1.27 x 10" Jkg™)
AFp =1.27 x 107 x 650 (A1)
=83x10°J
(c) kinetic energy or potential energy decreases B1
kinetic energy and potential energy decrease B1
so total energy decreases
37.9702_w18 MS 41 Q: 1
Answer Marks
(a)() work done per unit mass B1
work done moving mass from infinity (to the point) B1
(a)(ii) (near Earth’s surface change in) height « radius or height much less than radius B1
potential inversely proportional to radius and radius approximately constant (so potential approximately constant) B1
(b) initial kinetic energy = () potential energy (at surface) B1
:va2 = GMmlr
V' =(2x6.67 x 107" x 7.4 x 10%)/(0.5 x 3.5 x 10%) c1
v=24x10°ms™ A1
38.9702_w18 MS 43 Q:1
Answer Marks
(a)(i) work done per unit mass B1
work done moving mass from infinity (to the point) B1
(a)(ii) (near Earth’s surface change in) height « radius or height much less than radius B1
potential inversely proportional to radius and radius approximately constant (so potential approximately constant) B1
(b) initial kinetic energy = (=) potential energy (at surface) B1
:;zrmvz = GMmIir
V= (2% 6.67 x 1071 % 7.4 x 10%)/(0.5 x 3.5 x 10%) c1
v=24x10°ms™" A1
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Answer Marks
(a) work done per unit mass M1
bringing (small test) mass from infinity (to the point) A1
(b)(i) Ag=(GM/2R) — (GM/5R) = 3GM/10R A1
(b)(ii) change in GPE = (3 x 4.0 x 10" /10R) x 4.7 x 10* c1
(3x4.0x10"/10R) x 4.7 x 10* = (1.70 - 0.88) x 10" c1
R =6.88 x10°
distance =3 x 6.88 x10° A1
=21x10"m
40. 9702_ w19 MS 41 Q:2
Answer Marks
(a) (total volume of molecules is) negligible M1
compared with volume occupied by the gas A1
(b)(i) | pV=NKT c1
4.60x10°x2.40x102 = Nx1.38x 1023 x (273 + 23) c1
or
pV =nRT (C1)
4.60x10°x2.40x102=nx8.31x (273 + 23) (c1)
n =4.49 (mol)
N = nNx
=4.49x6.02x 10
N=27x10% A1
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Answer Marks
(b)(ii) volume of one atom = d® (= 2.7 x 10-2 m3) Cc1
volume of all atoms =27 x 108 x 2.7 x 1024 c1
=7x10°m? A1
or
volume of one atom = (4/3)nr’ (= 1.41x 102 m?) (c1)
volume of all atoms =2.7 x 102 x 1.41 x 1028 (C1)
=4x105m? (A1)
(c) numerical comparison between answer to (b)(ii) and 2.4 x 102 (m3) showing (b)(ii) is much less than 2.4 x 10-2 (m3) B1
41.9702_w16_MS 42 Q: 2
(a) (i) number of moles/amount of substance B1 [1]
(ii) kelvin temperature/absolute temperature/thermodynamic temperature B1 [1]
(b) pV=nRT
49%x10°x24x10°x10°=nx8.31x 373 B1
n =0.38 (mol) C1
number of molecules or N = 0.38 x 6.02 x 102 = 2.3 x 10% Al [3]
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or
pV = NKT
4.9 x10°x 2.4 x 10° x 102 = N x 1.38 x 102 x 373

number of molecules or N = 2.3 x 10

volume occupied by one molecule = (2.4 x 10%) / (2.3 x 10%)
=1.04 x 10%cm®
mean spacing = (1.04 x 107%)"?

=2.2x 107 cm (allow 1 s.f)

(allow other dimensionally correct methods e.g. V = (4/3)nr°)

42.9702_m21_ MS_42 Q: 2

(C1)
(M1)

(A1)

C1

C1

A1

[3]

817

Answer Marks
(a)(i) pV =NKT or pV=nRT and N=nN, c1
_2.3x10°x3.5x107
1.38x107% x 294
=2.0x 103 A1
i c1
(a)(ii) pV = % Nme?
> 3x2.3x10°x3.5x107
2.0x10% x40x1.66x10°%
=182 000
rm.s. speed =430 ms'
or A1
%mc2 :32kT
2 3x1.38x107% %294 (C1)
40x1.66x107%"
=183 000
rm.s.speed =430ms™' (A1)
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Answer Marks
(b) 2 3x2.0x10% x1.38x107 x(294 + 84) c1
N 2.0x10%x40%1.66x10%
¢? =236000
c =485
ratio[:E] =11 Al
430
OR (C1)
vee T or v T
ratio :Jiw or 378 (A1
273+21 294
ratio = 1.1
43.9702_s20 MS_42 Q: 2
Answer Marks
(@) p:NmiV B1
¥ molecules move in three dimensions (not one) B1
so % in any (one) direction
<¢?>: molecules have different speeds so take average M1
of (speed)? A1
(b) pV = NKT c1
N =(3.0x10°x 6.0 x 103)/(1.38 x 102 x 290) c1
=45x103 c1
mass =20.7/(4.5x 10%3) A1
=46x1028g
44.9702_ml19 MS 42 Q:2
Answer Marks
(@) gas obeys formula pV/ T = constant M1
symbols V and T explained A1
(a)(ii) mean-square-speed (of atoms / molecules) B1
(b)(i) use of T=393 c1
pV=nRT Cc1
2.4 x10° x 6.8 x 103 = n x 8.31 x 393 A1
and N =nx6.02 x 102 = 3.0 x 102
or (C1)
pV = NkT
2.4 x10°x 6.8 x 102 = N x 1.38 x 10-2% x 393 (A1)
hence N=3.0 x 102
(b)(ii) | volume of one atom =4/ 3z c1
volume occupied =3.0 x 108 x4/3 xm x (3.2 x 1071 )? A1
=4x10®%m?
(b)(iii) assumption: volume of atoms negligible compared to volume of container/ cylinder B1
4 x 108 (m%) << 6.8 x 10~3 (m?) so yes B1
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819

Answer Marks
(a) (total volume of molecules is) negligible M1
compared with volume occupied by the gas A1
(b)(i) pV = NKT c1
4.60x10°x240x 102 =Nx1.38 x 102 x (273 + 23) c1
or
pV=nRT (1)
460x105%x240x102=nx8.31x (273 + 23) (C1)
n=4.49 (mol)
N =nNx
=4.49x%6.02x10%
N=27x10% A1
Answer Marks
(b)(ii) volume of one atom = &® (= 2.7 x 10-22 m3) Cc1
volume of all atoms =2.7x 1022 x2.7 x 1024 c1
=7x10° m? A1
or
volume of one atom = (4/3)nr (= 1.41x 102 m?3) (C1)
volume of all atoms =2.7 x 102 x 1.41 x 102 (C1)
=4x10°m? (A1)
(c) numerical comparison between answer to (b)(ii) and 2.4 x 102 (m3) showing (b)(ii) is much less than 2.4 x 102 (m3) B1
46.9702_wl8 MS 42 Q:2
Answer Marks
(a) gas that obeys equation pV/ = constant x T M1
symbols p,V and T explained A1
(b)i) | pV =% Nm<c®>> and M=Nm c1
(and so) p = Vsp<c®>
212 x 107 = ¥4 x [3.20/(1.84 x 1079 x<c®> c1
Cims. = 605ms™ A1
(b)(ii) 1. pV=nRT and T=(22+273)K Cc1
n=(2.12x 10" x 1.84 x 107%)/(8.31 x 295) A1
=159 mol
2. mass = 3.20/(159 x 6.02 x 10%%) c1
:ass =[2 x (3/2) x 1.38 x 1072 x 295]/605°
mass = 3.34 x 10 %kg A1
(c) A =(3.34 x 100%)/(1.66 x 107 A1
=20
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47.9702_s17_MS_43 Q: 4

Answer Marks
(a) random/haphazard B1
constant velocity or speed in a straight line between collisions B1
zirstribution of speeds/different directions
(b) (small) specks of light/bright specks/pollen grains/dust particles/smoke particles M1
moving haphazardly/randomly/jerky/in a zigzag fashion A1
(e)i) | pV=1YsNmd c1
1.05 x 10° x 0.0240 = ¥ x 4.00 x 107 x (¢?)
(c* =189 x 10° c1
or
1mic® = (3/2) kT (c1)

0.5 % (4.00 x 103/6.02 x 10%) x (¢% = 1.5 x 1.38 x 102 x 300

(% =1.87 x 10° c1)
or
nRT = 5 Nm{c? (c1)

1.00 x 8.31 x 300 = % x 4.00 x 107 x (63

(c® =1.87 x 10° (C1)
Crms. = 1.37 x 10°ms™ A
Answer Marks
(e)ii) | (HeeT c1
(c? at 177 °C = 1.89 x 10° x (450/300) c1
Crms.at 177 °C = 1.68 x 10°ms™ A

48. 9702 w21 MS_42 Q: 3

Answer Marks
(a)() no loss of Kinetic energy B1
(a)(ii) « molecules have negligible volume (compared with gas/container) B2
+ no forces between molecules (except during collisions)
« molecules are in random motion
« collisions are instantaneous
Any two points, 1 mark each
(b)(i) 2mu A1
(b)(ii) 2L1u A1
(b)(iii) force = change in momentum/time = 2mu/(2L/ u) A1
=miP/L
(b)(iv) | pressure =force/area = (mu2/L)/L2 A1
=mu?/L3
(c) pV = NKT c1
NKT = % Nm<c?> leading to ¥2m<c?> = (3/2)kT and Y2m<¢?> = Ex A1
(d) Ve % 3.34 x 10727 x <¢?> = (3/2) x 1.38 x 1023 x (25 + 273) c1
rms. speed =1.9x 103ms™! A1
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821

Answer Marks
(a) no intermolecular forces (so no potential energy) B1
(b)(i) mean square speed (of molecule(s)) B1
(b)(ii) kelvin/thermodynamic/absolute temperature B1
(e)i)1. | pV=NkT c1
47 x 107 x 2.6 x 10° = N x 1.38 x 107> x 446 c1
or
pV=nRT and N =nN, (C1)
47 x 107 x 2.6 x 10° = nx 8.31 x 446
n=23.3 (mol)
N=33x6.02x 107 (€1)
N=20x10% A1
(e)(i)2. | average increase = 2900/ (2.0 x 10%%) A1
=15x107"J
(e)ii) | AEc = (312)k(A)T c1
1.5x 107" = (3/2) x 1.38 x 1072 x (A)T
(A)T inrange 70-72K c1
T =173+273+70 A1
=520K
50. 9702_s17_MS_41 Q: 4
Answer Marks
(a) random/haphazard B1
constant velocity or speed in a straight line between collisions B1
girstribution of speeds/different directions
(b) (small) specks of light/bright specks/pollen grains/dust particles/smoke particles M1
moving haphazardly/randomly/jerky/in a zigzag fashion A1
(e)(i) pV =Y Nm(c® c1
1.05 x 10° x 0.0240 = %5 x 4.00 x 107 x (¢}
(¢% =1.89 x 10° c1
or
% m(c®y = (3/2) kT (c1)
0.5 % (4.00 x 1073/6.02 x 102) x (¢* = 1.5 x 1.38 x 1023 x 300
(6 = 1.87 x 10° (c1)
or
NRT = % Nm(c? (c1)
1.00 x 8.31 x 300 = ¥ x 4.00 x 107 x (»
(¢*=1.87 x 10° (C1)
Crms. = 1.37 x 10°ms™ A1
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Answer Marks
(e)ii) | T c1
(c® at 177 °C = 1.89 x 10° x (450 / 300) c1
Crms.at 177 °C = 1.68 x 10°ms™ A
51.9702_m21_ MS 42 Q:3
[ Answer Marks
(@) Any 2 from: B2
+ particles/atoms / molecules / ions (very) close together / touching
« regular, repeating pattern
« vibrate about a fixed point
(b) (much) greater increase in spacing of molecules (for vaporisation compared with fusion) B1
(c)(i) -100°C B1
Answer Marks
(c)(ii) time=8.5-3.0 c1
=5.5min
Pt=mL c1
energy = power X time =150 x 5.5 x 60
=49500J
(-E
m
_49500
0.045
=1100kJ kg™ A1
(e)(iii) gas has a higher specific heat capacity (than liquid) B1
52.9702_m20_ MS_42 Q: 2
Answer Marks
(a) n=110/0.032 or 110000/ 32 or 3440 c1
pV=nRT Cc1
T=(1.0x105x 85)/(8.31 x (110/0.032)) = 300K A1
(b) E= mcA6 c1
=110x0.66 x 50
=3600J A1
(e) Any 3 from: B3
* molecule collides with wall
+ momentum of molecule changes during collision (with wall)
« force on molecule so force on wall
+ many forces act over surface area of container exerting a pressure
(d) KE=<T c1
Ve NT
ratio = \(350/300) A1
=11
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Answer Marks
(a) (thermal) energy per (unit) mass (to change state) B1
(heat transfer during) change of state at constant temperature B1
(b)) |32g A1
(b)(ii) temperature difference (between liquid and surroundings) does not change B1
(b)(iii) VIt=mL c1
230x1.2x60x10=(56xL)+H c1

“I)‘E)Ox 1.0x80x10=(32xL)+H
86 x600 = (56 —32) x L c1

or

230x1.2=(56xL)/(60x10)+P (c1)

“IJEr)Ox 1.0=(32xL)/(60x10)+P
276-190=(24 x L)/ 600 (c1)
L=2200Jg" A1
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Answer Marks
(b)(iv) | 230x1.2x600=(56 x2150)+H c1
?Srlo x1.0x600=(32x2150) + H
H=45200 A1
rate =45200/ 600
=75W
or
230x 1.2=(56 x 2150)/ (60 x 10) + P (C1)
fI’Sr)O x1.0=(32x2150)/(60 x10)+ P
rate (= P)=75W (A1)
54. 9702 w19 MS 42 Q:3
Answer Marks
(a) (thermal) energy per unit mass (to change state) B1
change of state without any change of temperature B1
(b)(i) | 140g A1
(b)(ii) temperature difference (between apparatus and surroundings) does not change B1
(b)(ii) | VIt=mL c1
({15.1x3.6}+ R)x600=140x L c1
;){;.Sx 1.8} + R)x800=65x L
41.22x600=75xL c1
L=330Jg" A1
(b)(iv) | 15.1x3.6x600=(140x330)—H c1
";.rax 1.8 x 600 =(65x330) - H
H=13600 A1
rate of gain =13600/600
=23W
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825

Answer Marks
(a) (thermal) energy per (unit) mass (to change state) B1
(heat transfer during) change of state at constant temperature B1
(b)(i) 329 A1
(b)(ii) temperature difference (between liquid and surroundings) does not change B1
(b)(iii) VIt=mL c1
230x1.2x60x10=(56xL)+H C1
:;l]x 1.0x80x10=(32xL)+H
86 x 600 =(56 —32) x L c1
or
230x1.2=(56xL)/(60x10)+P (C1)
"I);Ox 1.0=(32xL)/(60x10)+P
276—-190=(24 x L)/ 600 (c1)
L=2200Jg"" A1
Answer Marks |
(b)(iv) | 230x1.2x600=(56x2150)+H C1
{1);0 x1.0x600=(32x2150) + H
H=45200 A1
rate =45200/ 600
=75W
or
230x1.2=(56x2150)/ (60 x 10)+ P (C1)
‘1);0 x1.0=(32x2150)/(60 x 10) + P
rate (= P) =75 W (A1)
56. 9702_s18_MS_ 42 Q: 3
Answer Marks
(a) (during melting,) bonds between atoms/molecules are broken B1
potential energy of atoms/molecules is increased B1
no/little work done so required input of energy is thermal B1
(b)) | (AQ =) meae c1
loss = (160 x 0.910 x 15) + (330 x 4.18 x 15) A1
=23x10%J
(b)(i)) | 2.3 x10%=(48 x 2.10 x 18) + 48L + (48 x 4.18 x 23) c1
48L = 1.66 x 10" A1

L=350Jg~"
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57.9702_wi8 MS_42 Q: 3

Answer Marks
(a) (thermal) energy per unit mass (to cause change of state) B1
(energy transfer during) change of state between solid and liquid at constant temperature B1
(b)(i) Any one from: B1
+ rate of increase in mass (of beaker and water) is constant
o level of water rises at a constant rate
* volume of water (in beaker) increases at a constant rate
+ constant time between drops
+ constant rate of dripping
(b)(ii) (electrical power supplied =) 12.8 x 4.60 c1
(=58.9W)
(rate of transfer to ice =) [(185.0 — 121.5) x 332]/[5.00 x 60] Cc1
(=70.3W)
1. rate=70.3W A1
2. rate=70.3-58.9 A1
=11.4W
58. 9702_s17_MS_42 Q: 2
‘ Answer Marks
(a)i) ‘ mean/average square speed/velocity B1
(a)(ii) ‘ pV=NkT or pV=nRT B1
p=Nm/V B1
or
pe=nNym/Vand k=nRIN
‘ Ex = ¥>m(c? with algebra to (3/2)kT B1
(b)(i) ‘ no (external) work done or AU=qgorw=0 B1
‘q=NAx(3I2)kx1.O M1
‘NAk=Rsoq=(3I2)R Al
(b)(ii) ‘ specific heat capacity ={(3/2) x R}/0.028 c1
| =450 Jkg ' K! A
59.9702_wl17_MS_41 Q: 1
Answer Marks
(@) direction or rate of transfer of (thermal) energy B1

or
(if different,) not in thermal equilibrium/energy is transferred

(a)ii) uses a property (of a substance) that changes with temperature B1

(b) ¢ temperature scale assumes linear change of property with temperature B2
* physical properties may not vary linearly with temperature
e agrees only at fixed points

Any 2 points.

(e)i) | Pt=me(A)@ 1
95 x 6 x 60 =0.670 x 910 x A@ M1
A@=156°C so final temperature = 56 + 24 = 80°C A1l
or
95 x 6 x 60 = 0.67 x 910 x (6—24) (M1)
so final temperature or 8= 80°C (A1)
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Answer Marks

(e)(ii) 1. sketch: straight line from (0,24) to (6,80) B1
2. temperature drop due to energy loss = (80 —64) = 16°C c1

energy loss = 0.670 x 810 x (80 — 64) = 9800J A1
or
energy to raise temperature to 64°C = 0.670 x 910 x (64 — 24) (C1)
= 24400 (A1)
loss = (95 x 6 x 60) — 24400 = 9800J
60. 9702_w17_MS 43 Q: 1
Answer Marks

(@)(i) direction or rate of transfer of (thermal) energy B1
gfrdifferent,) not in thermal equilibrium/energy is transferred

(a)ii) uses a property (of a substance) that changes with temperature B1

(b) ¢ temperature scale assumes linear change of property with temperature B2
* physical properties may not vary linearly with temperature
* agrees only at fixed points
Any 2 points.

(o)) Pt = mc(A)@ 1
95 x 6 x 60 =0.670 x 910 x A@ M1
A@=156°C so final temperature = 56 + 24 = 80°C A1l
or
95 x 6 x 60 = 0.67 x 910 x (6—24) (M1)
so final temperature or 8= 80 °C (A1)
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Answer Marks
(e)(ii) 1. sketch: straight line from (0,24) to (6,80) B1
2. temperature drop due to energy loss = (80 —64) = 16°C c1
energy loss = 0.670 x 810 x (80 — 64) = 9800J A1
or
energy to raise temperature to 64°C = 0.670 x 910 x (64 — 24) (C1)
= 24400 (A1)
loss = (95 x 6 x 60) — 24400 = 9800J
61. 9702 s21 MS 41 Q: 2
Answer Marks
(@) pV = NKT c1
N=(1.8x103x3.3x10%/(1.38 x 10-3 x310) = 1.4 x 10 A1
or
pV=nRT and nNa=N (c1)
N=(1.8x103x 3.3 x 105x 6.02 x 102)/(8.31 x 310) = 1.4 x 102 (A1)
(b) speed of molecule decreases on impact with moving piston B1
mean square speed (directly) proportional to (thermodynamic) temperature B1
;rean square speed (directly) proportional to kinetic energy (of molecules)
I(:i:lelic energy (of molecules) (directly) proportional to (thermodynamic) temperature
kinetic energy (of molecules) decreases (so temperature decreases) B1
(C)i) |AU=32xkxATxXN c1
=3/2x1.38x 1023 x (288 — 310) x 1.4 x 10% c1
=-64J A1
(c)(ii) decrease in internal energy is less than work done by gas M1
(thermal energy is) transferred to the gas (during the expansion) A1
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Answer Marks
(a) pV=nRT c1
pPV=nRT and N=nNa c1
or
pV = NKT
3.1%x10°%8.5%x10°=(Nx 290 x 8.31)/(6.02 x 10%) A1
so N=6.6x 108
or
3.1x103x85x10°=Nx 1.38 x 1023 x 290
so N=6.6x 10
(b)) | (3.1x103%x85x10%/290=(6.3x103%x2.7x105/T A1
so T=190K
or
6.3x103x27x10°=66x 108 x1.38x108x T
so T=190K
(b)) | AU =3/2xkxATxN c1
=3/2x1.38x 102 x (190 — 290) x 6.6 x 10%* C1
=-1400J A1
(c) AU=qg+w M1
g=0soAU=w A1
63.9702_s21 MS_43 Q: 2
Answer Marks
(@) pV = NKT c1
N=(1.8x103x3.3x10%)/(1.38x 102 x310)= 1.4 x 105 A1
or
pV=nRT and nNa=N (C1)
N=(1.8x103x3.3x10°x6.02 x 102)/(8.31 x 310) = 1.4 x 10 (A1)
(b) speed of molecule decreases on impact with moving piston B1
mean square speed (directly) proportional to (thermodynamic) temperature B1
?nrean square speed (directly) proportional to kinetic energy (of molecules)
I((’i'r-1elic energy (of molecules) (directly) proportional to (thermodynamic) temperature
kinetic energy (of molecules) decreases (so temperature decreases) B1
(e)(M AU =32 x kxATxXN c1
=3/2%x1.38x 102 x (288 — 310) x 1.4 x 107 c1
=-64J A1
(c)(ii) | decrease in internal energy is less than work done by gas M1
(thermal energy is) transferred to the gas (during the expansion) A1
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64. 9702_w21_MS_41 Q: 3

APPENDIX A. ANSWERS

Answer Marks
(a) (thermal) energy per unit mass (to cause temperature change) B1
(thermal) energy per unit change in temperature B1
)i | (T =)pV/Nk B1
(b)(ii) | (pV =) NKT = %:Nm<c®> M1
:I\-/ = NkT and_pV = 15Nm<c®>
leading to ¥sm<c¢?> = (3/2)kT and ¥am<c?> = Ex A1
(b)(iii) | internal energy = ZEk (of molecules) + ZEp (of molecules) B1
:1,:) forces between molecules
potential energy of molecules is zero B1
(e)(i) increase in internal energy = Q + work done B1
constant volume so no work done B1
(c)ii) | c =Q/INmAT c1
=[N x (3/2)kAT]/ (NmAT) = 3k/2m A1
(d) (as it expands) gas does work (against the atmosphere/external pressure) B1
for same temperature rise) more (thermal) energy needed, so larger specific heat capacity B1
65. 9702_w21_MS_ 43 Q: 3
Answer Marks
(a) (thermal) energy per unit mass (to cause temperature change) B1
(thermal) energy per unit change in temperature B1
)i | (T =)pV/INk B1
(b)(ii) | (pV =) NKT = %:Nm<c®> M1
:I\-/ = NkT and_pV = YsNm<c®>
leading to ¥sm<c¢?> = (3/2)kT and ¥am<c?> = Ex A1
(b)(ii) | internal energy = ZEx (of molecules) + ZEp (of molecules) B1
:1’; forces between molecules
potential energy of molecules is zero B1
(e)(i) increase in internal energy = Q + work done B1
constant volume so no work done B1
(c)ii) | c =Q/INmAT c1
=[N x (3/2)kAT]/ (NmAT) = 3k/2m A1
(d) (as it expands) gas does work (against the atmosphere/external pressure) B1
for same temperature rise) more (thermal) energy needed, so larger specific heat capacity B1
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Answer Marks
(a) total potential energy and kinetic energy (of molecules/atoms) M1
reference to random motion of molecules/atoms A1
(b) (in ideal gas,) no intermolecular forces B1
no potential energy (so change in Kinetic energy is change in internal energy) B1
(c) (random) potential energy of molecules does not change M1
(random) kinetic energy of molecules does not change M1
so internal energy does not change A1

or
decrease in total potential energy = gain in total kinetic energy (M1)
no external energy supplied (M1)
so internal energy does not change (A1)

or
no compression (of ball) so no work done on the ball (M1)
no resistive forces so no heating of the ball (M1)
so internal energy does not change (A1)
Answer Marks

(c) or
no change of state so potential energy (of molecules) unchanged (M1)
no temperature rise so kinetic energy (of molecules) unchanged (M1)
so internal energy does not change (A1)

67.9702_s20 MS 42 Q: 3

Answer Marks
(a) (little/no volume change so) little/no external work done B1
thermal energy supplied to provide latent heat M1
internal energy increases A1
(b) (rapid) increase in volume B1
gas does work against the atmosphere M1
internal energy decreases A1
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68. 9702 s20 MS 43 Q: 2

Answer Marks
(a) total potential energy and kinetic energy (of molecules/atoms) M1
reference to random motion of molecules/atoms A1
(b) (in ideal gas,) no intermolecular forces B1
no potential energy (so change in Kinetic energy is change in internal energy) B1
(c) (random) potential energy of molecules does not change M1
(random) kinetic energy of molecules does not change M1
so internal energy does not change A1

or
decrease in total potential energy = gain in total kinetic energy (M1)
no external energy supplied (M1)
so internal energy does not change (A1)

or
no compression (of ball) so no work done on the ball (M1)
no resistive forces so no heating of the ball (M1)
so internal energy does not change (A1)
Answer Marks

(c) or
no change of state so potential energy (of molecules) unchanged (M1)
no temperature rise so kinetic energy (of molecules) unchanged (M1)
so internal energy does not change (A1)

69. 9702_s19 MS 41 Q: 2
Answer Marks
(a)i) |pV=nRT c1
n =(3.0 x 10° x 210 x 106)/(8.31 x 270) c1
=0.028 mol A1
(@)ii) | Ve T or T=pV/nR with value of n from (i) C1
T =(140/210) x 270 A1
cT)r= (3.0 x 105 x 140 x10-5)/(8.31 x 0.028)
=180 K
(a)(iii) W =pAV Cc1
=3.0x10° % (210 — 140) x 10

=21J A1
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I Marks

Answer

(b) AU =w+q c1
=21-53 c1

or
AU = (nNa) x (3/2)kaT (C1)
=(0.0281 x 6.02 x 102%) x (3/2) x 1.38 x 102 x (180 — 270) (1)

or
AU = (3/2)nRAT (1)
=(3/2)x 0.0281 x 8.31 x (180 — 270) (C1)
AU =(=)32J A1

70. 9702_s19 MS 42 Q: 2
Answer Marks
(@)(i) 1. energy transfer to the system by heating B1
2. (external) work done on the system B1
(a)ii) decrease in internal energy B1
(b)(i) no change (in internal energy) B1
(because) no change in temperature B1
(b)(i)) | work done =pAV c1
=(-)1.6 x 10° x (2.4 — 0.87) x 103

=(-)240J A1l
(b)(iii) first row all correct (0, 480, 480) A1
second row all correct (-=1100, 0, —=1100) A1
final column of third row calculated correctly from the two values above it, so that the final column adds up to 0 A1l
second column in final row correct, with correct negative sign A1

and
first column in final row calculated correctly so that it adds to the second column to give the third column

(fully correct table is:

0 480 480
-1100 0 -1100
860 -240 620
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71.9702_s19_MS_43 Q: 2

APPENDIX A. ANSWERS

Answer Marks
(a)() pV=nRT c1
n =(3.0 x 10° x 210 x 107%)/(8.31 x 270) c1
=0.028 mol A1
(a)(ii) Vo« T or T=pV/nRwith value of n from (i) Cc1
T =(140/210) x 270 A1
EI"r= (3.0 x 10° x 140 x10-%)/(8.31 x 0.028)
=180 K
(a)(ii) | W =pav c1
=3.0 x 10° x (210 — 140) x 10
=21J A1
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Answer Marks
(b) AU =w+g c1
=21-53 c1
or
AU = (nNa) x (3/2)kaT (C1)
=(0.0281 x 6.02 x 10%3) x (3/ 2) x 1.38 x 10-2 x (180 — 270) (c1)
or
AU =(3/2)nRAT (c1)
=(3/2)x 0.0281 x 8.31 x (180 — 270) (C1)
AU = (-)32J A1
72.9702_w19_MS_ 42 Q:2
Answer Marks
(a)i) specks of light moving haphazardly B1
(a)(ii) (gas) molecules collide with (smoke) particles M1
:‘)arndom motion of the (gas) molecules
causes the (haphazard) motion of the smoke particles A1l
g;uj the smoke particles to change direction
(b)(i) pV=nRT c1
n=(3.51x10%x2.40 x 10-3)/ (8.31 x 290) c1
gr= (3.75x 10°x 2.40 x 10-3)/ (8.31 x 310)
or
pV=NkT (C1)
n=(3.51x10°x2.40x1073)/(1.38 x 1072 x 6.02 x 10%* x 290) (C1)
’l:f= (3.75x 10°x2.40 x 107%)/ (1.38 x 1022 x 6.02 x 10%* x 310)
n=0.350 mol or 0.349 mol A1l
(b)(ii) energy transfer = (0.349 or 0.35) x 12.5x (310 — 290) c1
=87.3J or 87.5J A1
(e)(i) zero A1
(c)(ii) 87.3J or 87.5J A1
increase B1
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73.9702_mi18_MS_42 Q: 2

APPENDIX A. ANSWERS

Answer Marks
(a) pV =nRT c1
T=(5.60 x 10° x 3.80 x 102)/(5.12 x 8.31)
T=500K A1
(b)(i) V/Tis constant c1
V' = (3.80 x 10%) x (500 + 125)/500
V=475x10*cm’ A1
(b)ii) (for ideal gas,) change in internal energy is change in (total) kinetic energy (of molecules) B1
AU =3/2x1.38 x 1072 x 125 x 5.12 x 6.02 x 10 c1
=7980J A1
(e)i) |w =pav c1
=5.60 x 10° x (4.75 - 3.80) x 107
=5320J A1
(c)(ii) |total =7980 + 5320 A1
=13300J
74. 9702 s18 MS 41 Q: 3
Answer Marks
(a)() sum of potential and kinetic energies (of molecules/atoms/particles) B1
(energy of) molecules/atoms/particles in random motion B1
(a)(ii) (in ideal gas) no intermolecular forces so no potential energy B1
internal energy is (solely) kinetic energy (of particles) B1
(mean) kinetic energy (of particles) proportional to (thermodynamic) temperature of gas B1
(b) pV=NKkT c1
6.4x105x1.8x10*x105=Nx1.38x 10 x 298 c1
or
pV=nRT and N=nx N, (C1)
6.4%10°x 1.8x10%x 10°=nx8.31 x 298 (c1)
n=46.5 (mol)
N=46.5x6.02x 10”
N=28x10% A1
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Answer Marks
(a)@) sum of potential and kinetic energies (of molecules/atoms/particles) B1
(energy of) molecules/atoms/particles in random motion B1
(a)(ii) (in ideal gas) no intermolecular forces so no potential energy B1
internal energy is (solely) kinetic energy (of particles) B1
(mean) kinetic energy (of particles) proportional to (thermodynamic) temperature of gas B1
(b) pV=NKT c1
64x10%%1.8x10*x10°8=Nx 1.38x 107« 298 Cc1
or
pV=nRT and N=nx N, (C1)
6.4x10°x 1.8x10%x 10°=nx8.31x 298 (c1)
n=46.5 (mol)
N=46.5x6.02x 10°
N=28x10" A1
76. 9702 w18 MS 43 Q: 2
Answer Marks
[€)] sum of potential and kinetic energies (of molecules/atoms/particles) B1
(energy of) molecules/atoms/particles in random motion B1
(b)(i) final temperature = initial temperature B1
no change in internal energy B1
(b)(ii) 1. work done on gas (P—Q): 0 A1
increase in internal energy (P—Q): (+)97.0J A1
2. increase in internal energy (Q—»>R): —42.5J A1
3. increase in internal energy (R—P): —54.5J A1l
thermal energy supplied (R—P): —91.5J A1
77.9702_ml7_MS_42 Q: 2
Answer Marks
(a) +AU  increase in internal energy B2
+q heat (energy) transferred to the system/heating of system
+w work done on system
(b)(i) W =pAV B1
=52x10° % (5.0—-1.6) x 107* (=177J)
AU=qg+w A1
=442 - 177 = 265J
(b)(ii) no (molecular) potential energy B1
internal energy decreases so (total molecular) kinetic energy decreases B1
(mean molecular) kinetic energy decreases so temperature decreases B1
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Answer Marks
(b)iii) | AU+265-313=0 A1
AU=48J
(b)(iv) |pV=NKTorpV=nRTandN=nNa c1
52x105x 1.6x107 = N x 1.38x 1072 x (273 + 227) A1

or
52x10°x 1.6x10™" = n x 8.31 x (273 + 227) and n = N/ 6.02x 10%

N=12x10%

78.9702_ w17 _MS_42 Q: 2

Answer Marks
(a) (thermal) energy per (unit) mass (to cause change of state) B1
(energy required to cause/released in) change of state at constant temperature B1
(R)(i) 1. (work done on/against) the atmosphere B1
2. water as it turns from liquid to vapour M1
as potential energy of molecules increases A1
or
surroundings as its temperature rises (M1)
as energy is lost/transferred to surroundings (A1)
(b)(ii) VI = h=M/tx L (where h = power loss) Cc1
or
L = (VIt— Q)/M (where Q = energy loss)
(142 x6.4)—(11.5x 5.2)= (9.1 —5.0) x L/300 c1
or
L =[(14.2 x 6.4) — (11.5 x 5.2)] x 300/(9.1 —5.0)
L=2300Jg" A1
79.9702_ml16 MS 42 Q:2
(a) (i) sum of kinetic and potential energy of atoms/molecules M1
reference to random (distribution) A1 [2]
(ii) no forces (of attraction or repulsion) between molecules B1 [1]
(b) pV=NKT or pV=nRT and R=kNx,n=N/Ny B1
'/s Nm<c?> = NKT or '/ m<c®> = kT B1
<Ex> ="/, m<c?* so <Ex>=°,LkT B1 [3]
(c) (i) <Ex>=%5x1.38x10%x (273 +12) C1
=5.9(5.90) x 10721 A1 [2]
(use of T=12K not T=285K scores 0/2)
(i) number = (17/32) x 6.02 x 10%® C1

=3.2(3.20) x 10% A1 [2]
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(11 internal ener = 9.9 X T x 3.2 x
(iii) internal gy =5.9x 102" x 32 x 10%®

= 1900 (1890)J

80. 9702_wl6_MS_ 41 Q: 2

(@ (i)

(i)

(b) (i)

(i)

pxT or pVIT=constant or pV=nRT
T(=5x300=)1500 K

pV=nRT

1.0x10° x 4.0 x 107 = n x 8.31 x 300

or

5.0 x 10° x 4.0 x 107 = n x 8.31 x 1500

n=0.016 mol

1. heating/thermal energy supplied

2. work done on/to system

1. 240J

2. same value as given in 1. (= 240J) and zero given for 3.

3. zero

81.9702_wl6_MS_42 Q: 3

(a) (sum offtotal) potential energy and kinetic energy of (all) molecules/particles
reference to random (distribution)

(b) (i)

(i)

no heat enters (gas)/leaves (gas)/no heating (of gas)
work done by gas (against atmosphere as it expands)
internal energy decreases

volume decreases so work done on ice/water
(allow work done negligible because AV small)

heating of ice (to break rigid forces/bonds)

internal energy increases

A1l

C1

A1

C1

A1

B1

B1

A1

A1

Al

M1

A1

B1

M1

A1

B1

M1

Al

(1]

[2]

[2]

[2]

[3]

[2]

[3]

(3]
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82.9702_wl6_MS 43 Q: 2

(@) () p=T or pVIiT=constant or pV=nRT C1
T(=5x300 =) 1500 K A1 [2]
(ii) pV=nRT
1.0x10°x4.0x 10 =nx 8.31 x 300
gf’0x105x4.0x10_4=nx8.31><1500 C1
n=0.016 mol Al [2]
(b) (i) 1. heating/thermal energy supplied B1
2. work done on/to system B1 [2]
(i) 1. 240J A1
2. same value as given in 1. (= 240J) and zero given for 3. A1l
3. zero Al [3]

83.9702_m21_MS 42 Q: 4

Answer Marks
(@) acceleration and displacement are in opposite directions B1
(b)(i) F =kx M1
=8.0%(0.060 —0.048) or 8.0%(0.060+0.048)
or 8.0x0.012 or 8.0x0.108
IF =(8.0%0.012)-(8.0x0.108) =0.77N A1
or
IF =0.864 -0.096=0.77TN
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Answer Marks
b)(ii A1
(OO %
_o7
0.25
=3.1ms~
(b)(iii) |a=- arx c1
0 =
0.048
®=8.04
T=2nlw c1
T=2n/8.04 A1
=0.78s
(b)(iv) (resultant) force halved and distance halved B1
same T B1
84.9702 s21 MS 43 Q: 3
Answer Marks
(a) acceleration (directly) proportional to displacement B1
acceleration is in opposite direction to displacement B1
(b) a? =2k/m and @=2nf C1
(2mf? = (2 x 130)/0.84 c1
f=28Hz A1
(c)(i) resonance B1
(c)(ii) oscillator supplies energy (continuously) B1
energy of trolley constant so energy must be dissipated B1
\('\)/'i-thout loss of energy the amplitude would continuously increase
85. 9702 s20 MS 41 Q: 3
Answer Marks
(a)(i) amplitude =4.9cm A1
(a)(ii) frequency = 2700/60 A1
=45Hz
(a)(iii) | vo=xo@w and @ = 2nf c1
Vo =4.9x102x2n x 45 A1
=14 ms!
(@)iv) | v = o(a?-x2)* c1
=2nx 45 % [(4.9 x 1072 — (2.6 x 102)7]*
=12ms-! A1
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Answer Marks
(b) F=ma c1
and
ag = Vo or ap = xgi?
F =0.64 x13.9x2nx 45 or 0.64 x 4.9 x (2r x 45) c1
=2500N A1
86.9702_s20 MS_43 Q: 3
Answer Marks
(a)(i) amplitude =4.9cm A1
(a)(ii) | frequency =2700/60 A1
=45Hz
(a)(iii) | vo =xow and @ =2nf Cc1
Vo =4.9x102x 2r x 45 A1
=14ms'
(@)iv) |v =o(x?-x2)* c1
= 2mx 45 % [(4.9 x 1072y — (2.6 x 1072)%]*
=12ms™ A1
Answer Marks
(b) F=ma c1
and
ap = Vp@ or ap = Xoa?
F =064 x139x2nx45 or 0.64 x 4.9 x (21 x 45)? c1
=2500N A1
87.9702_ml19 MS 42 Q: 3
Answer Marks
(@)(i) mention of upthrust and weight B1
(a)ii) upthrust is greater than the weight B1
(resultant force is) upwards B1
(b) A, p, g and M are constant B1
either acceleration « — displacement B1
or acceleration « displacement and (— sign indicates) a and x in opposite directions
(e)(i) either @=2n/Torw=2nfand f=1/T c1
o =21/13 A1
=48rads™!
(e)(ii) o? =Apg/m c1
483?2=(45x10"x px 9.81)/0.17 c1
£ =900kgm A1
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Answer Marks
@)i) distance from a (reference) point in a given direction B1
(a)(ii) line is not straight or gradient is not constant B1
(b)(i) 0.85-0.90 cm A1
(b)(ii) a= —(2nf)x c1
e.g. 1.2=4n2x f2x (0.90 x 10-2) c1
f=1.8Hz A1
(c) complete circle/ellipse enclosing the origin B1
closed shape passing through (0, +w) and (£xp, 0) B1
89. 9702 w19 MS 43 Q: 4
Answer Marks |
(a)i) distance from a (reference) point in a given direction B1
(a)(ii) line is not straight or gradient is not constant B1
(b)(i) 0.85-0.90 cm A1
(b)(ii) = —(2nfyx c1
e.g. 1.2=4n2xf2x (0.90 x 10-2) c1
f=1.8Hz A1
(c) complete circle/ellipse enclosing the origin B1
closed shape passing through (0, *vg) and (£xo, 0) B1
90. 9702_s18_MS_41 Q: 2
Answer Marks
(@) straight line through origin indicates acceleration « displacement B1
negative gradient shows acceleration and displacement are in opposite directions B1
(@)i) | a=-cfy and w=2nf c1
4.5= (21 x fy’ x8.0x 107 (or other valid read-off)
f=3.8Hz A1
(b)(i) maximum displacement upwards/above rest/above the equilibrium position B1
(b)(ii) (just leaves plate when) acceleration =9.81 ms™ Cc1
9.81=(2mx3.8°xy c1
or
9.81=563x yp
amplitude =17 mm A1
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91.9702_s18_MS_43 Q: 2

APPENDIX A. ANSWERS

Answer Marks
(@)() straight line through origin indicates acceleration o displacement B1
negative gradient shows acceleration and displacement are in opposite directions B1
(a)(ii) =—ofy and ®=2nf c1
4.5=(2m x f)2 x8.0x107? (or other valid read-off)
f=3.8Hz A1
(b)(i) maximum displacement upwards/above rest/above the equilibrium position B1
(b)(ii) (just leaves plate when) acceleration =9.81 ms™ Cc1
9.81=(21x3.81x yo c1
or
9.81=563 x y;,
amplitude =17 mm A1
92. 9702_w18 MS 41 Q:2
Answer Marks
(a) sum of potential and kinetic energies (of molecules/atoms/particles) B1
(energy of) molecules/atoms/particles in random motion B1
(b)(i) final temperature = initial temperature B1
no change in internal energy B1
(b)(ii) 1. work done on gas (P—Q): 0 A1
increase in internal energy (P—Q): (+)97.0J A1
2. increase in internal energy (Q—>R): —42.5J A1l
3. increase in internal energy (R—P): —-54.5J A1
thermal energy supplied (R—P): -91.5J A1l
93.9702_wl7_MS_41 Q:2
Answer Marks
(@) (angular frequency =) 2r x frequency or 2n/period B1
(b)(i) 1. displacement = 2.0 cm A1
2. amplitude =1.5em A1
(b)ii) reference to displacement of oscillations or displacement from equilibrium position or displacement from 2.0 cm B1
straight line indicates acceleration o« displacement B1
negative gradient shows acceleration and displacement are in opposite directions B1
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Answer Marks
(b)(ii) | & =(-)1/gradient or @ =(-)Aa/As or a = (-)a’x and correct value of x c1
=e.g. (1.8/0.03) or (0.9/0.015) or (1.2/0.02) etc. or 0.9 = &/ x 0.015 c

=60
f =~lB0/2x A1

=1.2Hz
94. 9702_w17_MS_42 Q: 3
Answer Marks
(a)i) angle (subtended) where arc (length) is equal to radius M1
(angle subtended) at the centre of a circle A1
(a)(ii) angular frequency = 2n x frequency or 2n / period B1
(b)(i) ¢/ML* is a constant so acceleration is proportional to displacement B1
minus sign shows that acceleration and displacement are in opposite directions B1
(b)(ii) | c/ML3 = (2rf)? c1
c =4m?x3.22x0.24 x 0.65 c1
=27 kgm’s™ A1
95. 9702_w17_MS_ 43 Q: 2

Answer . Marks
(a) (angular frequency =) 2r x frequency or 2x/period B1
(b)(i) 1. displacement =2.0cm A1
2. amplitude =1.5em A1
(b)(ii) reference to displacement of oscillations or displacement from equilibrium position or displacement from 2.0 cm B1
straight line indicates acceleration « displacement B1
negative gradient shows acceleration and displacement are in opposite directions B1
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Answer Marks
(b)(iii) | @ =(-)1/gradient or & = (-)Aa/As or a = (-)&’x and correct value of x c1
=eg.(1.8/0.03)or (0.9/0.015) or (1.2/0.02) etc. or 0.9 = o x 0.015 c1
=60
f =60/2n A1
=12Hz
96. 9702 w16 _MS 41 Q:3
(a) 2kim= o M1
w=2nf M1
(2 x 64/0.810) = (21 x f)* leading to f= 2.0 Hz Al [3]
(b) vo=awx, or Vvo=2nfx
or
v=alx?—x3)"and x=0 C1
Vo =2nx20x16x107
=0.20ms™ Al [2]
(c) frequency: reduced/decreased B1
maximum speed: reduced/decreased B1 [2]
97. 9702 w16 _MS 42 Q: 4
(a) (i) 0.225s and 0.525s A1 [1]
(ii) periodor T=0.30s and w=2n/T C1
w=21/0.30
o=21rads™ Al [2]
(iii) speed = axp or a(xg®—x?)"?and x=0 C1

=209x20x10%=042ms™ Al [2]
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use of tangent method:

847

correct tangent shown on Fig. 4.2 (C1)
working e.g. Ay/Ax leading to maximum speed in range (0.38-0.46)ms™’ (A1)
(b) sketch: reasonably shaped continucus oval/circle surrounding (0,0) B1
curve passes through (0, 0.42) and (0, -0.42) B1
curve passes through (2.0, 0) and (2.0, 0) B1 [3]
98. 9702 w16 _MS 43 Q: 3
(@) 2kim= o M1
w = 2nf M1
(2 x 64/0.810) = (21 x f)* leading to f= 2.0 Hz Al [3]
(b) vo=awxy or vo=2ufx
or
v=a(x?—x%)"?and x=0 C1
Vg =21 x 2.0 x 1.6 x 1072
=0.20ms™ Al [2]
(c) frequency: reduced/decreased B1
maximum speed: reduced/decreased B1 [2]
99.9702_w21_MS 42 Q: 4
Answer Marks
@) straight line through the origin B1
negative gradient B1
(b) a=(-)a*x and_T=2n/w c1
eg. @ =+(0.80/0.12) (any correct pair of values of a and x) c1
(=2.58rads™)
T =2n/258 A1
=24s
(e)(i) Point labelled P at one end of the line B1
(c)(ii) Point labelled Q at displacement with magnitude more than half but less than maximum B1
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100. 9702_s19 MS_42 Q: 3

APPENDIX A. ANSWERS

Answer Marks

(a)(i) 0.10s or 0.30s or 0.50s or 0.70s or 0.90s A1

(a)(ii) 0 or 0.40s or 0.80s A1

(b)(i) o =2nlT c1
=2n/0.40 A1
=16rads™’

b)ii) |w =wx c1
=157 x 2.5 x 1072 A1
=0.39ms™!

or
tangent drawn at steepest part and working to show attempted calculation of gradient (C1)
leading to vp = 0.39ms™! (allow £ 0.15 m s~7) (A1)

(b)(iii)) |a = oo c1

ap =(15.72 x 2.5 x 102) A1
=6.2ms>?
or
a = v (C1)
ap =15.7x0.39 (A1)
=6.2ms>
Answer Marks
(c) period is shorter/lower B1
Any one from: B1
« greater spring constant/stiffness
e (restoring) force is greater (for any given extension)
* acceleration is greater (for any given extension)
* greater energy/maximum speed (for a given amplitude)
101. 9702_m17 MS 42 Q:3
Answer Marks
(a) m is constant or k/m is constant and so acceleration/a proportional to displacement/x B1
negative sign shows that acceleration/a is in opposite direction to displacement/x B1
z;gative sign shows acceleration/a is towards fixed point
(b) evidence of comparison to expression to a = — X B1
o =kmor & = 4.0/mhence o= 2.0"Nm A1
(c) Ex =Y%malx® or Ex=Ymv2?and v= ax c1
=%m (4.0/m) (3.0 x 10722 c1
=18x107J A1
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Answer Marks
(d) new xo= \J[(1.8x107 /2)x(2/ mx (m / 4.0))] ¢
or
(Ex = X¢° s0) new Xg = y[¥2x(3.0x1072)]
=212x107m A1
(e) flux linked to block changes/flux is cut by block which induces an e.m.f. in block B1
(eddy) currents induced in block cause heating B1
thermal/heat energy comes from (kinetic/potential) energy of oscillations/block B1
102. 9702_ml16_ MS 42 Q: 4
(a) amplitude =1.8cm and period =0.30s Al [1]
(b) Ex="m &®(x*—x*) or Ex=¥mv? and v =+ o V(x— X°) C1
=1 % 0.080 x (27/0.30)? x [(1.8 x 10722 — (1.2 x 1072)? C1
=3.2x 107 A1 [3]
103. 9702_s21_MS 41 Q:3
Answer Marks
(a) acceleration (directly) proportional to displacement B1
acceleration is in opposite direction to displacement B1
(b) @ =2kim and @=2nf c1
(2nfy* = (2 x 130)/0.84 c1
f=2.8Hz A1
(e)(i) resonance B1
(c)(ii) | oscillator supplies energy (continuously) B1
energy of trolley constant so energy must be dissipated B1
\('\)/?thout loss of energy the amplitude would continuously increase
104. 9702_s21 _MS 42 Q:3
Answer Marks
(a) acceleration in opposite direction to displacement shown by — sign B1
g/ L is constant M1
(so) acceleration is (directly) proportional to displacement A1
(b) a=glL c1
o=2n/T c1
or
w=2nf and f=1/T
(2n/TP¥=9.81/0.18 A1
T=0.85s
(c) | energy = x? c1
(after 3 cycles,) amplitude = (0.94)%x Cc1
=0.83x0
ratio final energy / initial energy = 0.832 A1
=0.69
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105. 9702_w21_MS_41 Q: 4

APPENDIX A. ANSWERS

Answer Marks

(a)i) |[5.0cm A1

(@)ii) |w=2n/T c1

or

w=2nf and_f=1/T

o =2n/4.0 A1
=16rads’

(a)(iii) Vo = @WXp c1
=157x5.0 A1l
=79cms™

(b) « initial pull was to the right B3
+ distance from X to trolley (at equilibrium) is 20 cm
e periodis4.0s
« jnitial motion undamped
* motion becomes damped at/from 12 s
e damping is light
¢ maximum speed at 1s, 3s, etc./stationary at 2s, 4s, etc.
Any three points, 1 mark each
(c) sketch: closed loop encircling (20, 0) B1
minimum L shown as 15 ¢cm and maximum L shown as 25c¢m B1
minimum v shown as -7.9 cms~' and maximum v shown as +7.9cms™ B1
106. 9702 _w21_MS_43 Q: 4
Answer Marks
(a)i) |[5.0cm A1l
(@)i) |w=2rn/T c1
or
w=2nf and_f=1/T
w=2n/4.0 A1
=1.6rads’

(a)iii) Vo = X Cc1
=1.57x5.0 Al
=79cms™!

(b) * initial pull was to the right B3
+ distance from X to trolley (at equilibrium) is 20 cm
s periodis4.0s
* initial motion undamped
* motion becomes damped at/from 12 s
e damping is light
¢ maximum speed at 1s, 3s, etc./stationary at 2s, 45, etc.
Any three points, 1 mark each

(c) sketch: closed loop encircling (20, 0) B1
minimum L shown as 15 cm and maximum L shown as 25 cm B1
minimum v shown as —7.9 cm s~! and maximum v shown as +7.9cms™ B1
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Answer Marks

(a) (w=2n/Tand T=2.2ss0) A1
@w=2n/22=29rads™’

(b)) |e?=g/R c1
R =9.81/2.862 A1
=12m
(b)(ii) | vo=ax c1
=29x3.0x1072 A1l
=0.087 ms-!

(c) smooth wave starting at 3.0cm when t =0 B1
positions of peaks and troughs show same period (or slightly longer) B1
each peak and trough at lower amplitude than the previous one B1

108. 9702_s19 MS_ 41 Q: 3
Answer Marks
(a)(i) amplitude =0.020 m A1
(a)(ii) T =0.60s c1
f=1/T A1
=1.7Hz

(a)ii) |a =(-)o’x and [@=2nf or @=21/T] c1
a =(4n2/0.60%) x 2.0 x 1072 A1

=22ms?

(b) 1.67 = (1/2n) x [(24 x 104 x px 9.81)/0.23]'2 c1
p=1.1x103kg m= A1

(c) wave starting with a peak at (0,6) B1
wave with same period (or slightly greater) B1
peak height decreasing successively B1
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109. 9702_s19 MS_43 Q: 3

APPENDIX A. ANSWERS

Answer Marks

(a)(i) amplitude = 0.020 m A1

(a)(ii) T=0.60s c1
f=1/T A1

=1.7Hz

(@)ii) |a =(-)a’x and [@=2nf or @=2n/T] c1
a =(4n2/0.60%) x 2.0 x 102 A1

=22ms>?

(b) 1.67 = (1/27n) x [(24 x 10* x px 9.81)/0.23]'2 c1
p=1.1x103kgm3 A1

(c) wave starting with a peak at (0,6) B1
wave with same period (or slightly greater) B1
peak height decreasing successively B1

110. 9702_w19_MS_42 Q: 4
Answer Marks

(a)i) loss of energy B1

(a)(ii) amplitude (of oscillations) decreases (with time) B1

(b)(i) w=2n/T c1
T =0.80s, so @=2n/0.80 A1
»=79rads™’

(b)(ii) @ =2kiM Cc1
7.92=2k/12 A1
k=37Nm™

(c)(i) (one) smooth curve, not touching the f-axis, with two concave sides meeting at a peak in between them B1
(one) peak at 1.0 B1

(€)ii) | e lower peak/(whole) line is lower B2
o flatter peak/peak is less sharp
» peak at (slightly) lower angular frequency/peak moves to left
any two points, one mark each

111. 9702_m18 MS 42 Q: 4
Answer Marks

(@) frequency at which body will vibrate when there is no (resultant external) resistive force acting on it B1
fcr);uency at which body will vibrate when there is no driving force / external force acting on it

(b)(i) resonance B1

(b)(ii) peak is not sharp / peak not infinite height M1
so damped A1

(c) e.g. (quartz crystal) to produce ultrasound B1

(quartz crystal) in watch to keep timing
NMR/MRI

microwave ovens

tuning circuits

STEMUP.CO.UK


https://stemup.co.uk

112. 9702_s18 MS_42 Q: 4

853

Answer Marks
(a) acceleration proportional to displacement B1
acceleration directed towards fixed point B1
girsplacement and acceleration in opposite directions
(b)(i) 1. amplitude decreases gradually so light damping B1
2;cillations continue so light damping
2. loss of energy B1
due to friction in wheels B1
gl.rje to friction between wheels and surface (during slipping)
gll;e to air resistance (on trolley)
(b)iiy1. | & =2kim c1
= (2 x230)/0.950 c1
@ =22rads™ A1
b)i2. |T =2n/w c1
T =(2n/22)=0.286s A1
time =1.5T
=043s
113.9702_w18 MS 41 Q: 3
Answer Marks
@ |&=2g/L c1
T=2nlo c1
of =(2x9.81)/019 A1
o =102(rads™)
T =2r/10.2
=0.62s
(b)(i) e.g. viscosity of liquid/friction within the liquid/viscous drag/friction between walls of tube and liquid B1
(b)(ii) (maximum) KE = ¥smvy? and vy = wxy c1
:rrlergy = Yemearxs
change =7 x 18 x 107 x 103 x [(2.0 x 1072)? — (0.95 x107)]] c1
=29x10%J A1
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114. 9702_w18 MS_42 Q: 4

APPENDIX A. ANSWERS

Answer Marks
4(a) (defining equation of s.h.m. is) a = —kx where k is a constant or a«< —x B1
g and L are constant (so a « —x and hence s.h.m.) B1
(b) T=0.50s and T=2n/w c1
& =2glL c1
L =(2x9.81 x 0.50%)/4r° A1
=0.12m
(e)i) Any one from: B1
e viscosity of liquid
* friction within the liquid
e viscous drag
« friction/resistance between walls of tube and liquid
(c)(ii) (maximum) KE = mve? and vy = @Xp c1
(e’;ergy = vomafxg®
ratio = (1.3/2.0)* A1
=042
115. 9702_w18 MS_43 Q: 3
Answer Marks
@) o =2g/L c1
T=2nlew c1
of =(2x9.81)/0.19 A1
@ =102(rads™)
T =2rn/10.2
=0.62s
(b)(i) e.g. viscosity of liquid/friction within the liquid/viscous drag/friction between walls of tube and liquid B1
(b)(ii) (maximum) KE = %mvy? and vy = axg Cc1
::lergy = Ysmarxg®
change =% x 18 x 107 x 103 x [(2.0 x 1072)? - (0.95 x1072)] c1
=29x10"J A1
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Answer Marks
(a) e.g. period=3/25 c1
frequency = 0.83 Hz A1
(b) light (damping) B1
(c) at2.7s, Ap=1.5(cm) B1
energy =% m x 4n’f2Ag? B1
=%x0.18 x 4% x 0.83% x (1.5 x 107%)? c1
=551 x 10*(J)
at7.5s, Ap = 0.75 (cm) B1
energy = % x 5.51 x 107 c1
:rruergy =% x 0.18 x 4n” x 0.83? x (0.75 x 1072)
energy = 1.38 x 107 (J) A1
change = (551 x 10% - 138 x 10%)=4.13 J
117. 9702_s17_MS_43 Q: 2
Answer Marks
(a) e.g. period =3/25 c1
frequency = 0.83 Hz A1
(b) light (damping) B1
(c) at2.7s, Ap=1.5(cm) B1
energy =% m x 4n’f2A° B1
=1 x 0.18 x 41 x 0.832 x (1.5 x 1072)? c1
=551x10%Q)
at7.5s, Ap=0.75 (cm) B1
energy = Y x 551 x 107 c1
or
energy = ¥ x 0.18 x 4% x 0.83% x (0.75 x 1072)?
energy = 1.38 x 107 (J) A1
change = (5.51 x 10* - 1.38 x 10%)=4.13 J
118.9702_s21 _MS_41 Q: 4
Answer Marks
(ultrasound) pulse B1
reflected at boundaries B1
gel is used to minimise reflection at skin B1
g::nerated and detected by quartz crystal
time delay between generation and detection gives information about depth B1
intensity (of reflected wave) gives information about nature of boundary B1
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119. 9702_s21 _MS_43 Q: 4

APPENDIX A. ANSWERS

Answer Marks
(ultrasound) pulse B1
reflected at boundaries B1
gel is used to minimise reflection at skin B1
g::nerated and detected by quartz crystal
time delay between generation and detection gives information about depth B1
intensity (of reflected wave) gives information about nature of boundary B1
120. 9702_w21_MS_42 Q: 11

Answer Marks
(@) generates ultrasound B1
detects reflected ultrasound B1
applied p.d. causes crystal to vibrate B1

Sirbralions cause crystal to generate an e.m.f.
(b)(i) | product of density and speed M1
speed of ultrasound in medium A1

(b)(ii) | difference between (the specific acoustic impedances) c1
+ if similar/same then reflection coefficient is zero/very low A1
+ if very different then reflection coefficient is (nearly) 1
« the lower the difference means lower the reflection coefficient
(any one point)

121. 9702 _m20_ MS 42 Q: 4
Answer Marks
(a)(i) Any 2 from: B2
+ allows the reflected signal to be distinguished from the emitted signal
+ detection occurs in the time between emitted pulses
+ (reflection of ultrasound) detected by same probe / transducer / crystal
« cannot emit and detect at same time (hence pulses)

(a)(ii) piezo-electric crystal B1
ultrasound makes crystal vibrate / resonate B1
vibration produces (alternating) e.m.f. / p.d. across crystal B1

(b)(i) = (1.6 x105-4.3x 10%)2/(1.6 x 105 + 4.3 x 102)? B1
=0.999

(b)(ii) without the gel most of the ultrasound is reflected B1
Z values more similar/ o. reduces B1
so less (ultrasound) is reflected / more (ultrasound) is transmitted
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122. 9702_s20 MS_41 Q: 4

Answer Marks
(a)(i) product of density and speed M1
speed of ultrasound in medium A1
(a)(ii) | the greater the difference between Z; and Z;, the closer the ratio is to 1 B1
ff’rdifference between Z; and Z; large, ratio is close to 1
the closer together Z; and Z;, the closer the ratioisto 0 B1
;:f)rdifference between Z; and Z> small, ratio close to 0
(b)(i) loss of intensity/amplitude/power (of the wave) B1
(b)ii) | I=Iye c1
0.35 = g 0.0464 A1
#=23m™
123. 9702 s20 MS 42 Q: 5
Answer Marks
(a) pulses of ultrasound B1
ultrasound incident on quartz crystal B1
waves make crystal oscillate B1
oscillations (of crystal) generates an e.m f. (across the crystal) B1
(b) specific acoustic impedances of air and skin are very different B1
intensity reflection coefficient depends on difference between acoustic impedance B1
most ultrasound reflected so little transmission B1
124. 9702 _s20 MS_43 Q: 4
Answer Marks
(a)(i) product of density and speed M1
speed of ultrasound in medium A1
(a)(ii) the greater the difference between Z; and Z,, the closer the ratio is to 1 B1
;:f)rdifference between Z; and Z; large, ratio is close to 1
the closer together Z; and Z;, the closer the ratiois to 0 B1
;:;rdifference between Z; and Z; small, ratio close to 0
(b)(i) loss of intensity/amplitude/power (of the wave) B1
(b)ii) | I=Iye* c1
0.35 = g 0.0464 A1
4=23m™
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125. 9702_s19 MS_42 Q: 4

Answer Marks

(a) product of density and speed M1
speed of sound in medium A1

(b) Any two from: B2

o if Za > Zg then ratio is (nearly) zero
or if Zg > Za then ratio is (nhearly) zero
or if Zg and Z, are very different then ratio is (nearly) zero
or the greater the difference the lower the ratio

o if Za =~ Zg then ratio is (nearly) 1
or if Zy = Zg then ratio is 1
or the smaller the difference the closer the ratio to 1 (not ‘large’)

o Lilo=1—[(Za—Z)2/ (Zn + Zs)

(c) I = Ie c1
0.34 = exp(-23 x x) Cc1
x=0.047 m A1

126. 9702_w19 MS_42 Q: 5

Answer Marks

(a)(i) product of density and speed M1

speed of sound in the medium A1

(a)(ii) Z5=1.8x103x4.1x103 A1

=74x10%kgm?s™’

(b) a=(1.7-13)2/(1.7+1.32=0.018 A1
fraction =0.98

(c)(i) reduction in power/intensity (of wave) M1

as the wave passes through the medium A1

(c)(ii) 1. ratio =e™ c1

=0.90 A1

2. ratio =0.62 A1

(d) fraction =0.898 x 0.617 x 0.98 A1l
=0.54
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Answer Marks
(a) pulses of ultrasound B1
reflected at boundaries (between media) B1
reflected pulses detected by (ultrasound) generator B1
Any three from:
(reflected signal) processed and displayed (B1)
time delay (between transmission and receipt) gives information about depth (of boundary) (B1)
intensity of reflected pulse gives information about (nature of) boundary (B1)
gel used to minimise reflection at skin / maximise transmission into skin (B1)
degree of reflection depends upon impedances of two media (at boundary) (B1)
B3
(b)(i) product of density and speed M1
of sound in the medium A1l
(b)(ii) (£, about equal to Z;,) coefficient very small/ nearly 0 B1
(Z, very different to Z5,) coefficient nearly 1 B1
128. 9702 s18 MS 41 Q: 4
Answer Marks
(a) e.g. microphone B1
weighing scales/pressure sensor
lighters/spark generation
watches/clocks/regulation of time
(b) pulses (of ultrasound) B1
reflected at boundaries (between media) B1
(reflected pulses) detected by (ultrasound) generator B1
Any three from: B3
* time delay (between transmission and receipt) gives information about depth (of boundary)
* intensity of reflected pulse gives information about (nature of) boundary
* gel used to minimise reflection at skin/maximise transmission into skin
* degree of reflection depends upon impedances of two media (at boundary)
129. 9702 s18 MS 43 Q: 4
Answer Marks
(a) e.g. microphone B1
weighing scales/pressure sensor
lighters/spark generation
watches/clocks/regulation of time
(b) pulses (of ultrasound) B1
reflected at boundaries (between media) B1
(reflected pulses) detected by (ultrasound) generator B1
Any three from: B3
« time delay (between transmission and receipt) gives information about depth (of boundary)
* intensity of reflected pulse gives information about (nature of) boundary
* gel used to minimise reflection at skin/maximise transmission into skin
+ degree of reflection depends upon impedances of two media (at boundary)
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130. 9702_wi18_MS_41 Q: 4

Answer Marks

(@) pulses (of ultrasound from generator) B1
reflected at boundaries (between media) B1

time delay (between transmission and receipt) gives information about depth B1
intensity of reflected pulse gives information about nature (of tissues)/type (of tissues)/boundary B1

Any two from: B2

+ (reflected pulses) detected by the (ultrasound) generator
+ gel used to minimise reflection at skin/maximise transmission into skin
+ degree of reflection depends upen impedances of two media (at boundary)

(b)(i) product of density and speed M1
speed of ultrasound in medium A1
(b)(ii) Z4 about equal to Z> results in negligible/no reflection B1
Zy > Zy(or Z; « Z5) results in mostly reflection B1

131. 9702_ w18 MS 43 Q: 4

Answer Marks

(@) pulses (of ultrasound from generator) B1
reflected at boundaries (between media) B1

time delay (between transmission and receipt) gives information about depth B1
intensity of reflected pulse gives information about nature (of tissues)/type (of tissues)/boundary B1

Any two from: B2

+ (reflected pulses) detected by the (ultrasound) generator
+ gel used to minimise reflection at skin/maximise transmission into skin
« degree of reflection depends upen impedances of two media (at boundary)

(b)(i) product of density and speed M1
speed of ultrasound in medium A1
(b)(ii) Z; about equal to Z; results in negligible/no reflection B1
Zy > Zz(or Z; « Z3) results in mostly reflection B1

132.9702_ml7_MS 42 Q: 4

Answer Marks
piezo-electric/quartz crystal/transducer B1
alternating p.d. applied across crystal/transducer B1
causes crystal to vibrate/resonate B1
crystal resonates at ultrasound frequencies/ crystal’s natural frequency is in the ultrasound range/alternating p.d. is in B1
ultrasound frequency range
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‘ Answer Marks
(a) ‘ pulse (of ultrasound) B1
* produced by quartz crystal/piezo-electric crystal
* gel/coupling medium (on skin) used to reduce reflection at skin
‘ reflected from boundaries (between media) B1
‘ reflected pulse/wave detected by (ultrasound) transmitter B1
‘ reflected wave processed and displayed B1
* intensity of reflected pulse/wave gives information about boundary
* time delay gives information about depth of boundary
‘ max. 2 of additional detail points marked * B2
(®) | I =Ty exp () c1
‘ 2.9 =exp (4.64) c1
‘ #=023cm™ A1
134. 9702_wl17_MS 42 Q: 4
Answer Marks
(a) quartz/piezo-electric and crystal/transducer B1
p.d. across crystal causes it to distort B1
applying alternating p.d. causes oscillations/vibrations B1
when applied frequency is natural frequency, crystal resonates B1
natural frequency of crystal is in ultrasound range B1
(b) small(er) structures can be resolved/observed/identified B1

135. 9702_m16_MS 42 Q: 6

(a) speed =Z/p

=1.4 x 10°/940 (=1490) C1
time =(1.1x 1072 x 2)/1490 C1
=15x10°%s A1

(time of 7.4 x 107®s is one way only and scores 2/3 marks)
(use of speed of light is wrong physics and scores 0/3 marks)

(3]
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(b) I =Ivexp(-ux) or I, = Iexp(-ux) C1

ratio =exp (— 48 x 1.1 x 107%)

=0.59 A1 [2]

(c) 0.33/100 = 0.59 x (I3/1,) x 0.59 c1

ratio = 9.5 x 107 A1

or

0.33/100 = exp (—48 x 2.2 x 1072) x (I3/1,) (C1)

ratio = 9.5 x 107 (A1) [2]
(d) ratio I;/ I increases B1 [1]

(accept: “there is an increase in the proportion of the intensity that is reflected”)

136. 9702_w16_MS 42 Q: 5

(a) transducer/transmitter can be also be used as the receiver
?r;nsducer both transmits and receives
receives reflected pulses between the emitted pulses

(needs to be pulsed) in order to measure/determine depth(s)

(needs to be pulsed) to determine nature of boundaries

Any three of the above marking points, 1 mark each B2 [2]
(b) (i) product of speed of (ultra)sound and density (of medium) M1
reference to speed of sound in medium Al [2]

(ii) if Z, and Z; are (nearly) equal, I1/ Iy (nearly) equal to 1/unity/(very) little
reflection/mostly transmission B1

if Zy > Z, or Zy « Z; or the difference between Z; and Z; is (very) large,
then I/ I, is small/zero/mostly reflection/little transmission B1 [2]

137.9702_m21_MS_42 Q: 5

Answer Marks

(@)(i) amplitude of the carrier wave varies M1
in synchrony with the displacement of the (information) signal A1

(a)(ii) Any 2 from: B2

+ fewer transmitters needed / each transmitter can cover a greater distance
= more stations can share waveband
« transmitters and receivers are cheaper
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Answer Marks
®Xiy |, _v Al
f
8
-~ 200m
(b)(ii) 10kHz B1
(c) 1520 kHz B1
138. 9702_s21_MS_42 Q: 4
Answer Marks
(a)(i) frequency (modulation) B1
(a)(ii) 1. zero B1
2. frequency (of 1.2 MHz) varies by +50 kHz B1
frequency varies (by £50 kHz) at a rate of 8000 times per second B1
(b)(i) | wavelength =(3.00 x 10%)/(240 x 10%) c1
(= 1250 m) A1
=1.25km
(b)(ii) | bandwidth = 30 kHz A1
(b)(iii) | frequency = 15kHz A1
139. 9702 w21 _MS 42 Q:5
Answer Marks
(a)() unmodulated (radio) waves would interfere with each other B1
:tr:t modulating would require aerials too long (to be practical)
(a)(ii) advantage: B1
« can transmit higher frequencies
+ higher quality reproduction
« less prone to interference
+ same frequency can be used in different areas
(any one point)
disadvantage: B1
+ takes up greater bandwidth
+ shorter range of transmission
* requires a greater number of transmitting aerials
(any one point)
(b) AM amplitude: min. 8 mV and max. 12 mV B1
AM frequency: min. 100 kHz and max. 100 kHz B1
FM amplitude: min. 10 mV and max. 10 mV B1
FM frequency: min. 90 kHz and max. 110 kHz B1
(c) 8.4kHz A1
140. 9702_ w19 _MS 42 Q: 6
Answer | Marks
(@) period =5.0 us, so A1
frequency =2.0 x 10°Hz
(b) sketch: three equally spaced vertical lines sitting on f-axis B1
two outer vertical lines of equal length and central line longer B1
three vertical lines (and no others) shown at frequencies 190 kHz, 200 kHz and 210 kHz B1

STEMUP.CO.UK
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141. 9702_s18 MS 42 Q:5
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Answer Marks
(a)(i) range of frequencies (of signal) B1
(a)(ii) advantage: e.g. better quality (of reproduction) B1
greater rate of transfer of data
less distortion
disadvantage: e.g. fewer stations (in any frequency range) B1
(b)(i) 50V A1
(b)(ii) maximum: 674 kHz A1
minimum: 626 kHz A1
(b)iii) | T=1/(10x10%=1.0x10"s A1
minimum time = T/2
=50x10"s
142. 9702 w18 MS 42 Q: 5
Answer Marks
(a) amplitude of carrier (wave) varies B1
variation in synchrony with displacement of information signal B1
5(b)(i) | wavelength = (3.0 x 10%)/(900 x 10°) A1
=3.3x10?m
(b)(ii) amplitude varies (continuously) between a maximum and a minimum B1
variations repeat 5000 times each second B1
\?;riations repeat every 0.2ms
\?;riations above and below 4.0V
(b)(iii) | 10000Hz A1
(c)(i) Any two from: B2
* (orbit is) above the Equator
* (orbit is) from west to east/same direction as Earth’s rotation
o orbit is circular/orbit has a particular radius
(c)(ii) 1. minimal reflection/absorption/attenuation by atmosphere B1
;raximum penetration of/ftransmission through atmosphere
2. uplink signal is greatly attenuated/must be greatly amplified B1
prevents downlink signal swamping the uplink signal B1
143. 9702_w21_MS 41 Q: 5
Answer Marks
(@) * noise can be removed/signal can be regenerated B2
+ extra bits can be added for error-checking
* signal can be encrypted (for increased security)
* data compression/multiplexing is possible
Any two points, 1 mark each
(b)(i) 4ms: 0101 and 8ms: 0100 B1
(b)(ii) | sketch: horizontal line continues to 8 ms, then new horizontal line from 8ms to 12ms B1
level of line after 8ms is 4 mV B1
(c) sketch: series of steps of width 2ms B1
step heights at 0, 2, 4, 6, 4, 6 mV B2
2 marks if all correct, 1 mark if only one incorrect
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Answer Marks
(@) * noise can be removed/signal can be regenerated B2
+ extra bits can be added for error-checking
* signal can be encrypted (for increased security)
« data compression/multiplexing is possible
Any two points, 1 mark each
(b)(i) 4ms: 0101 and 8ms: 0100 B1
(b)(ii) | sketch: horizontal line continues to 8 ms, then new horizontal line from 8 ms to 12ms B1
level of line after 8ms is 4 mV B1
(c) sketch: series of steps of width 2ms B1
step heights at 0, 2, 4, 6, 4, 6 mV B2
2 marks if all correct, 1 mark if only one incorrect
145. 9702_m18 MS 42 Q: 6
Answer Marks
(a)(i) 0101 A1
(@)(ii) 1000 A1
(b) sketch: series of steps B1
changes every 0.25ms B1
correct heights 0, 5, 10, 12, 15, 8 at correct times B2
Two marks for all levels correct
One mark if one mistake
146. 9702 w18 MS 41 Q:5
Answer Marks
(@) Any two reasonable suggestions e.g.: B2
e noise can be eliminated/(signal/data) can be regenerated
e bits can be added to correct for errors
e data compression/multiplexing (is possible)
« signal can be encrypted/better security
(b) sketch: series of seven steps B1
each step width 2ms B1
correct levels in correct order (2, 5, 14,4, 9, 11, 7) A2
(1 mark for 6 levels correct, 2 marks for 7 levels correct)
(c)(i) step width reduced B1
or
higher frequencies can be reproduced
(c)(ii) step height reduced B1
or
smaller changes in signal (intensity) can be reproduced
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147. 9702_wi18_MS_43 Q: 5

Answer Marks

(a) Any two reascnable suggestions e.g.: B2
+ noise can be eliminated/(signal/data) can be regenerated
+ bits can be added to correct for errors

e data compression/multiplexing (is possible)

« signal can be encrypted/better security

(b) sketch: series of seven steps B1
each step width 2ms B1
correct levels in correct order (2, 5, 14,4, 9, 11, 7) A2

(1 mark for 6 levels correct, 2 marks for 7 levels correct)

(e)(i) step width reduced B1
or
higher frequencies can be reproduced

(c)(ii) step height reduced B1
or
smaller changes in signal (intensity) can be reproduced

148. 9702_s17_MS_42 Q: 5

‘ Answer Marks
(a) any two reasonable suggestions e.g. B2
* signal can be regenerated/noise removed (not “no noise”)
e circuits more reliable
e circuits cheaper to produce
e multiplexing (is possible)
e error correction/checking
e easier encryption/better security
(b)(i) ‘ samples the analogue signal M1
‘ at regular intervals and converts it (to a digital number) A1
(b)(ii) ‘ 1. smaller step depth B1
‘ 2. smaller step height B1

149. 9702_w17_MS_42 Q: 5

Answer Marks
@ Il2ms) [80(mv) 1000 \ B4
|[©8ms) [58(mv) |o101 \ B1
(b) series of steps B1
all (step) changes are at 0.2 ms intervals B1
steps with correct levels at correct times B2

(1 mark if five levels correct; 2 marks if all levels correct)

level 0 8 10 15 5 8
time/ms 0-0.2 0.2-04 | 0.4-0.6 | 0.6-0.8 | 0.8-1.0 | 1.0-1.2

(c) smaller step heights (possible) B1
smaller changes (in input signal) can be seen/reproduced/represented B1

?arllows) more accurate reproduction (of the input signal)

STEMUP.CO.UK
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150. 9702_m16_MS_ 42 Q: 5

(a) (i) (series of) ‘highs’ and ‘lows’/‘on’ and ‘off /1’s and 0's/two values M1
with no intermediate values / the values are discrete A1 [2]

(i) either use higher sampling frequency/rate

or use more bits in each sample/each digital number
or use more levels in each sample B1 [1]
(b) voltage = 30mV A1 [1]

151. 9702_s19_MS_41 Q: 4

Answer | Marks

(@)(i) loss of (signal) power/amplitude/intensity B1

(a)(ii) unwanted/random signal B1

superposed on (transmitted) signal B1

(b) noise can be eliminated (from digital signals) B1

gi;nal can be regenerated (from digital signals)

(e)i) |0101 A1

(c)(ii) 1000 att=4.0 ms B1

0110 at{=5.0ms and 0100 atf=6.0 ms B1

(d) series of equally-spaced steps of width 1 ms B1

each step in correct time interval (0—1 ms, 1-2 ms, 2-3 ms, 3—4 ms) B1

correct step heights (2, 6, 4 and 5) B1

152.9702_s21 MS 41 Q:5

| Answer Marks

(a) amplitude of the carrier wave varies M1

in synchrony with the displacement of the (information) signal A1

(b)(i) | wavelength = (3.0 x 10%)/(300 x 10%) Al

=1000m

(b)(ii) | bandwidth = 16 kHz A1

(b)(iii) | frequency = 8kHz A1

(e) attenuation = 101g (P / P2) c1

73=101g (Pr/Pr) c1
73=10Ig (Pr x?/0.082 Pr) or x*/0.082=1073

x=1300m A1



https://stemup.co.uk

868 APPENDIX A. ANSWERS

153.9702_s21_MS_43 Q: 5

Answer Marks
(a) amplitude of the carrier wave varies M1
in synchrony with the displacement of the (information) signal A1
(b)(i) | wavelength = (3.0 x 108)/(300 x 103) A1
=1000m

(b)(ii) | bandwidth = 16 kHz A1
(b)(iii) | frequency = 8 kHz A1
(c) attenuation = 101g (P / P») c1
73=101g (Pr/Pg) c1

73=101Ig (Pr x?/0.082 Pr) or x?/0.082 =103
x=1300m A1

154. 9702 _m20 MS 42 Q: 5

Answer Marks
@) Any 2 from: B2

+ noise can be filtered out/noise can be removed / sighal can be regenerated
+ can carry more information per unit time / greater rate of transmission of data
* can have extra bits of data to check for errors

+ can be encrypted

B)i) |ve2 c1
ratio = Vair/ Viibre A1
=3.00 x 10%/2.07 x 108
=1.45
(b)(ii) attenuation = 10 log (P2/P1) c1
0.40 x L = 10 log (1.5/0.06) c1

0.40 x L =13.979

L=35km A1

155. 9702_s20 MS_41 Q: 6

Answer Marks

(a)(i) greater information carrying capacity B1
(a)(ii) power/energy is radiated B1
signal picked up by adjacent fibre/wire B1

(b) ratio/ dB = 10 1g(P2/ P1) c1
13 =101Ig [P/ (1.0 x 10%)] and so P = 20 mW A1

(c) 45x0.18=101g(20/P) c1
P=31mW A1

STEMUP.CO.UK
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Answer Marks
(a) * greater bandwidth B3
* less noise
* less attenuation or fewer repeaters
* less crosslinking or greater security
Any three points, 1 mark each
(b)(i) | ratio/dB=10Ig(P:/P>) c1
21=101g[(6.3 x 10-'7)/ P] A1
P=50x10"W
(b)(ii) | attenuation per unit length = (1/4.5x10%) x 101g [(9.8 x 103}/ (6.3 x 10-7)] c1
=0.032dB km' A1
157. 9702_s20 MS_ 43 Q: 6
Answer Marks
(a)(i) greater information carrying capacity B1
(a)(ii) | power/energy is radiated B1
signal picked up by adjacent fibre/wire B1
(b) ratio/dB = 101g(P2/ P+) c1
13=101g [P/(1.0 x 107%)] and so P =20 mW A1
(c) 45x0.18=101g(20/P) c1
P=31mW A1
158. 9702 _m19 MS 42 Q: 4
Answer Marks
@) Any three from: B3
above the Equator
period 24 hours
orbits west to east
one particular orbital radius
(b) attenuation = 10 Ig(P1/ P2) Cc1
194 =101g (3.2 x 103/ P)
P;=13x10"18W A1
(c) advantage: e.g. no tracking required B1
disadvantage: e.g. longer time delay B1
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159. 9702_s19 MS_42 Q: 5
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Answer Marks
(a)(i) loss of (signal) power/amplitude/intensity B1
(a)(ii) unwanted/random signal B1
superposed on (transmitted) signal B1
(b)(i) attenuation = 10 Ig(P2/ P1) Cc1
attenuation per unit length = (1/L) x 10 Ig(P-/ P1) Cc1
=(1/52) x 10 Ig [(2.5 x 103)/ (7.8 x 107'6)]
=2.4dBkm! A1
(b)(ii) gain/dB =10I1g(Pz/Ps) c1
115 =101g [P/(7.8 x 107"9)]
P=25x10*W A1
160. 9702_s19 MS_43 Q: 4
Answer Marks
(a)(i) loss of (signal) power/amplitude/intensity B1
(a)(ii) unwanted/random signal B1
superposed on (transmitted) signal B1
(b) noise can be eliminated (from digital signals) B1
gi;nal can be regenerated (from digital signals)
(©)() 0101 A1
(e)(ii) 1000 at t=4.0 ms B1
0110 att=50ms and 0100att=6.0ms B1
(d) series of equally-spaced steps of width 1 ms B1
each step in correct time interval (0—1 ms, 1-2 ms, 2-3 ms, 34 ms) B1
correct step heights (2, 6, 4 and 5) B1
161. 9702_W19_MS_41 Q:5
Answer Marks
(@)i) provides return for the signal B1
shields signal from noise B1
(a)(ii) e.g. connection between aerial and TV set B1
(b)(i) gain/dB=10Ig (P, / P2) c1
32=10Ig {Pwmin/ (7.6 x 10-6)} A1
Pwin=0.012W
(b)(ii) attenuation per unit length =(1/L) =< 101g (P1/ P2) c1
8.3=(1/L)x101g(2.6/0.012)
L=3.7km A1
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Answer Marks
(a)(i) provides return for the signal B1
shields signal from noise B1
(a)(ii) e.g. connection between aerial and TV set B1
(b)(i) gain/dB=10Ig (P1/P:) c1
32=10Ig {Pwn/ (7.6 x 10-5)} A1
Pun=0.012W
(b)(ii) attenuation per unit length =(1/L)x101g (P:1/ P-) c1
6.3=(1/L)x101g(2.6/0.012)
L=3.7km A1
163. 9702 _s18 MS_41 Q: 5
Answer Marks
@) west to east B1
(a)(ii) above the Equator B1
(a)(iii) value in range (1-300) x 10°Hz A1
(b)(i) gain/dB =101g(P2/P;) c1
-195=101g(P/3000) c1
‘1)€r)5 =10Ig(3000/P)
power=9.5x10""7"W A1
(b)(ii) up-link has been (greatly) attenuated (before reaching satellite) B1
dogwn—link signal must be (greatly) amplified (before transmission back to Earth)
Sg-link has (much) smaller intensity/power than down-link
(different frequency) prevents down-link (signal) swamping up-link (signal) B1
164. 9702 s18 MS 43 Q: 5
Answer Marks
(a)() west to east B1
(a)(ii) above the Equator B1
(a)(iii) value in range (1-300) x 10°Hz A1
(b)(i) gain/dB =101g(P2/P,) c1
-195=101g(P/3000) c1
?Sr)S =101g(3000/P)
power=9.5x 10" W A1
(b)(ii) up-link has been (greatly) attenuated (before reaching satellite) B1
ggwn-link signal must be (greatly) amplified (before transmission back to Earth)
Sg-link has (much) smaller intensity/power than down-link
(different frequency) prevents down-link (signal) swamping up-link (signal) B1
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165. 9702 _ml17 MS_42 Q: 5

Answer Marks
(a) any three from: B3
e greater bandwidth
¢ does not suffer from (e.m.) interference/can be used in (e.m.) ‘noisy’ environments
¢ no/less power/energy radiated/better security/less cross-talk
¢ less attenuation/fewer repeaters/amplifiers needed
* less weight/easier to handle/cheaper/occupy less space
(b)() attenuation/gain = 10 log P/ P (o4}
0.50 x 57 = 10log (15 x 10°/P) so P=2.1 x 10°W A1
or

—(0.50 x 57) =10 log (P15 x 10%) s0 P = 2.1 x 107°W

(byiiy | either

(calculation of S/N ratio at receiver) M1
S/N ratio = 10 log (2.1 x 107°/9.0 x 107) or S/N ratio = 14

14 < 24 or S/N ratio < minimum S/N ratio A1
so not able to distinguish signal from noise A1
or

(calculation of minimum acceptable power at receiver) (M1)

24=101log (P/9.0x 107) or P=2.3 x 107*

2.1x107°< 2.3 x 10~ or power < minimum power (A1)

so not able to distinguish signal from noise (A1)

166. 9702_s17_MS_41 Q: 3

Answer Marks
(a)(i) signal consists of (a series of) 1s and Os or offs and ons or highs and lows B1
(a)(ii) component X: parallel-to-serial converter B1
component Y: DAC/digital-tc-analogue converter B1
(a)(iii) sample the (analogue) signal M1
at regular intervals and converts the analogue number to a digital number A1
(b)) | attenuation in fibre = 84 x 0.19 (= 16 dB) c1
ratio = 16 + 28 A1l
=44dB
(b)(ii) ratio/dB = 101g (P2/ Py) c1
44=101g ({9.7 x 107}/ P) c1
0_'44 =10Ig (P/{9.7 x 107%)
power = 3.9 x 107 W A1
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Answer Marks
(a)(i) signal consists of (a series of) 1s and 0s or offs and ons or highs and lows B1
(a)(ii) component X: parallel-to-serial converter B1
component Y: DAC/digital-to-analogue converter B1
(a)(iii) | sample the (analogue) signal M1
at regular intervals and converts the analogue number to a digital number A1
(b)(i) | attenuation in fibre = 84 x 0.19 (= 16 dB) c1
ratio = 16 + 28 A1l
=44dB
(b)(ii) ratio/dB = 101g (P2/ Py) c1
44=101g ({9.7 x 107}/ P) c1
o—r44 =10Ig (P/{9.7 x 107%)
power =39 x 107 W A1
168. 9702_w17_MS_41 Q: 4
Answer Marks
(a) s acts as ‘return’ (conductor) for signal B2
+ shielding from noise/crosstalk/interference
Two sensible suggestions, 1 mark each.
() |« small bandwidth B2
s (there is) noise/interference/crosstalk
¢ large attenuation/energy loss
¢ reflections due to poor impedance matching
Two sensible suggestions, 1 mark each.
(c) attenuation = 190 x 14 x 107 (= 2.66 dB) c1
ratio/dB = (<10 lg(Py/P1) ¢
2.66 = —10 Ig(Pout/ Pi) c1
Pout/ Pn = 0.54
fractional loss =1 — (Pour/ Pn) =1-0.54 A1
=046
or
2.66 = 10 Ig(Pi/ Pout) (c1)
P/ Poyr = 1.85
fractional loss = (P — Pour)/ Pn = (1.85-1)/1.85 (A1)
=046
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169. 9702 w17 MS 43 Q: 4

Answer Marks

(a) * acts as ‘return’ (conductor) for signal B2
¢ shielding from noise/crosstalk/interference
Two sensible suggestions, 1 mark each.

(b) o small bandwidth B2
¢ (there is) noise/interference/crosstalk

* large attenuation/energy loss

+ reflections due to poor impedance matching

Two sensible suggestions, 1 mark each.

(c) attenuation = 190 x 14 x 1073 (= 2.66 dB) Cc1

ratio/dB = (-)10 lg(P2/Py) c1

2.66 = =10 Ig (Pout/ Piy) c1

Pour/ Pn = 0.54

fractional loss =1 — (Pour/ Pn) =1-0.54 A1

=0.46

or

2.66 =10 Ig (Pin/ Pout) n

P/ Pour = 1.85

fractional loss = (P — Pour)/ P = (1.85—-1)/1.85 (A1)

=0.46

170. 9702_w16_MS_41 Q: 4

(a) (i) noise/distortion is removed (from the signal) B1
the (original) signal is reformed/reproduced/recovered/restored B1 [2]

or

signal detected above/below a threshold creates new signal (B1)
of 1s and Os (B1)

(ii) noise is superposed on the (displacement of the) signal/cannot be
distinguished
or
analogue/signal is continuous (so cannot be regenerated)
or
analogue/signal is not discrete (so cannot be regenerated) B1

noise is amplified with the signal B1 [2]
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(b) (i)

(i)

gain/dB = 101g (P./ Py)

32 =10Ig[Pyn/(0.38 x 107%)]

fgz =101g(0.38 x 107°/ Pyi)

Py = 6.0 x 107* W

attenuation = 101g[(9.5 x 107)/(6.02 x 107)]
=12dB

attenuation per unit length (= 12/58) = 0.21dBkm™

171. 9702_w16_MS_43 Q: 4

(@ (i)

(ii)

noise/distortion is removed (from the signal)
the (original) signal is reformed/reproduced/recovered/restored

or

signal detected above/below a threshold creates new signal
of 1s and Os

noise is superposed on the (displacement of the) signal/cannot be
distinguished

or

analogue/signal is continuous (so cannot be regenerated)

or

analogue/signal is not discrete (so cannot be regenerated)

noise is amplified with the signal

C1
A1
C1

Al

B1
B1

(B1)

(B1)

B1
B1

[2]

[2]

[2]

[2]
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(b) (i)

(i)

gain/dB = 101g (P./ Py)

32 =10Ig[Pyn/(0.38 x 107%)]

fgz =101g(0.38 x 107°/ Pyn)

Py = 6.0 x 107* W

attenuation = 10Ig[(9.5 x 107)/(6.02 x 107)]
=12dB

attenuation per unit length (= 12/58) = 0.21dBkm™

172.9702_s17_MS_41 Q: 5
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C1

A1

C1

Al

[2]

[2]

Answer Marks
(a) (loss in) kinetic energy of a-particle = Qq/4ngr c1
f.',.r7 % 107 = Qq/4ngyr
77x10" =899 x 10° x 79 x 2 x (1.60 x 107'%/r M1
r=47x10"m A1l
ris closest distance of approach so radius less than this
(b) force = Qq/4ngri=4uxa c1
8.99 x 10° % 79 x 2 x (1.60 x 107"°)2/ (4.7 x 1072 =4 x 1.66 x 107 x a c1
a=25x10"ms A1
(c) so that single interactions between nucleus and a-particle can be studied B1
:; that multiple deflections with nucleus do not occur
173.9702_s20 MS_41 Q: 5
| Answer Marks
(a) similarity: both are radial B1
l?;th have inverse square (variations)
difference: direction is always/only towards the mass B1
3i:ection can be towards or away from charge
(b) field strength = Q/ 4nepx® c1
E =Q/36naR? A1
(c)() fields (due to each sphere) are in same direction B1
(c)(ii) charges on spheres attract/affect each other B1
Z;arge distribution on each sphere distorted by the other sphere
Z;arges on the surface of the spheres move
spheres are not point charges (at their centres) B1
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174. 9702_s20 MS_42 Q: 7

877

Answer Marks
(a) force per unit charge M1
(force on) positive charge A1
(b)(i) no electric field inside a conductor B1
R=45cm A1
(b)ii) | E=Q/(4nax?) c1
clear correct read-off of a pair of values of E and x C1
e Q=18x10°x4nx 8.85 x 1012 x (4.5 x 10-2) A1
=4.0x107C or 41x107C
(c) At80cm, E=575x10°Vm™’ C1
F=Eq and a=F/m C1
F =(5.75x10°x 2x 1.6 x 10-19)/ (4 x 1.66 x 10-27) A1
=28x10¥ms?
175. 9702_s20 MS_43 Q: 5
Answer Marks
(a) similarity: both are radial B1
l?c:th have inverse square (variations)
difference: direction is always/only towards the mass B1
c::I’irrer:tion can be towards or away from charge

(b) field strength = Q/ 4mepx? c1
E = Q/36naR? A1
(c)(i) fields (due to each sphere) are in same direction B1
(c)(ii) charges on spheres attract/affect each other B1

gr:arge distribution on each sphere distorted by the other sphere

gr:arges on the surface of the spheres move
spheres are not point charges (at their centres) B1
176. 9702 _m19 MS 42 Q:5

Answer i Marks
(a) region where charge experiences an (electric) force B1
(b) graph: field strength zero fromx=0tox=R B1
curve with negative gradient, decreasing from x = Rto x = 3R B1
line passes through field strength E at x = R, B1
line passes through field strength 0.25E at x = 2R and field strength 0.11E at x = 3R B1
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Answer Marks
(c) field strength = q/4negx? c1
2.0x108=g/(4 x nt x 8.85 x 1012 x 0.262) c1
g=15x10"C A1
177. 9702_s19 MS_41 Q: 5
Answer | Marks
@) force per unit charge B1
(force on) positive charge B1
(b)(i) field changes direction (between A and B)/ffield is zero at a point (between A and B) M1
so charges have same sign A1
(b)(ii) Any one from: B1
¢ field is (also) influenced by charge B
* charge A is not isolated/is not the only charge present
+ field is due to two/both charges
+ field is the resultant of two fields
(b)(iii) | E=Q/(dnax?) c1
atx=10cm, Ea = Es Cc1
Qa/102 = Qa/5? A1l
Qu/Qe=4.0
178. 9702_s19 MS 43 Q: 5
Answer | Marks
(a) force per unit charge B1
(force on) positive charge B1
(b)(i) field changes direction (between A and B)ffield is zero at a point (between A and B) M1
so charges have same sign A1
(b)(ii) Any one from: B1
+ field is (also) influenced by charge B
s charge A is not isolated/is not the only charge present
+ field is due to two/both charges
+ field is the resultant of two fields
(b)iii) | E=Q/ (dnex?) c1
atx=10cm, En=Es c1
Qa/10% = Qs/5? A1
Qu/ Q=40
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179. 9702_w19_MS 41 Q: 6
Answer Marks
(a) (E=) Ql4nar? M1
where & is permittivity (of free space) A1
(b)(i) field does not change direction/field does not become zero M1
so (charges have) opposite (sign) A1
(b)(ii) minimum is at the midpoint (between the charges) M1
so (magnitudes are the) same Al
(c) force = field strength x charge and force = mass x acceleration B1
ca’::celeration is proportional to field strength
(from x=3.0cm) to x=5.0cm: acceleration decreases B1
atx=5.0cm: acceleration is a minimum B1
from x=5.0cm (to x=7.0cm): acceleration increases B1
180. 9702 w19 _MS 43 Q: 6
Answer Marks
(a) (E=) Q/4nar? M1
where g is permittivity (of free space) A1
(b)(i) field does not change direction/field does not become zero M1
so (charges have) opposite (sign) A1
(b)(ii) minimum is at the midpoint (between the charges) M1
so (magnitudes are the) same A1
(c) force = field strength x charge and force = mass x acceleration B1
:cr:celeralion is proportional to field strength
(from x=3.0cm)to x=5.0cm: acceleration decreases B1
atx=5.0cm: acceleration is a minimum B1
from x=5.0cm (fo x=7.0cm): acceleration increases B1
181. 9702 _s18 MS 41 Q: 6
Answer Marks
(a) force per unit charge B1
(b) E=Ql(4nar) c1
2.0x10°=Q/(4n = 8.85x 10% x 0.267) A1
charge=15x107C
(c) charge (= Q [52/26]%) =4Q c1
additional charge =3Q A1
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182. 9702_s18 MS 43 Q: 6

Answer Marks
(a) force per unit charge B1
(b) E=Q/(@nar) c1
20x10'=Q/(4nx8.85x 1072 x 0.26%) A1

charge=1.5x107C
(c) charge (= Q [52/26]%) =4Q c1
additional charge =3Q A1
183. 9702_m17 MS_ 42 Q: 6

Answer Marks
(a) similarity: lines are radial/ greater separation of lines with increased distance from the sphere B1
difference: gravitational lines directed towards sphere and electric lines directed away from sphere B1
(b)(i) E=Q/4neyr? or E=kQ/r? with k defined / substituted in c1
41x10°=[Q/ (4n x 8.85 x107 x 0.025%)] - [Q/ (47 x 8.85 x 107"? x 0.0757)] c1
Q=32x10"¢C A1
(b)(ii) smooth curve with gradient decreasing starting at (0, 4.1 x 107%) to d-axis at (2.5, 0) B1
smooth curve with gradient increasing from (2.5, 0) ending at (5, — 4.1 x 10’5) B1
(b)(iii) acceleration decreases (to zero at mid-point) B1
then acceleration increases in the opposite direction/increasing negative acceleration B1

184. 9702_s19 MS_42 Q: 6

Answer Marks
(a) work done per unit charge B1
(work done) moving positive charge from infinity B1
(b) straight line with non-zero gradient from x=0to x=d B1
line with gradient of constant sign and end-points between which AV = Vp and Ax = d B1
line passes through (d, 0) and (0, +Vo) with negative gradient throughout B1
(c) V constant (and non-zero) from 0 — R and from (D - R) — D B1
equal (non-zero) values of (magnitude of) Vat R and (D — R). B1
curve (with a minimum) from R to (D — R) with V always positive B1
minimum at mid-point of curve B1
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185. 9702_w19_MS_42 Q: 9

881

Answer Marks
(a) work done per unit charge B1
(work done) moving positive charge from infinity B1

(b)(i) energy =4.8x1.60x 1013 A1

=7.7x10713)

(b)(ii) | Er=Qq/4nad c1
Q=79 and g=2e c1
7.68x107"13=(79x2x{1.60x107"%)2/ (4n x 8.85x 102 x d) c1
d=47x10"m A1

(c) (diameter must be) less than/equal to 10-"3 or 10-* m B1
186. 9702_m18 MS_42 Q: 7
Answer Marks
(a) work done per unit charge B1
(work done) moving positive charge from infinity (to the point) B1
(b)(i) potential always same sign/ potential is always positive so same sign of charge B1
Answer Marks
(b)) 1 fromx=12cmto x = 25 cm: speed increases and B1
from x = 27 cm to x = 31 cm: speed decreases
(from x = 12 cm to x = 25 cm: speed increases) at decreasing rate or B1
(from x = 27 cm to x = 31 cm: speed decreases) at increasing rate
at x=26cm: speed maximum B1
at 32cm: speed still decreasing B1
2 gAV=vm/ c1
32x10"x(2.14-143)x10° =% x 66 x 107 x v/
v’ =6.88 x 10"
v=8.3x10"ms™ (8.30) A1
187.9702_w18 MS 41 Q: 6
Answer Marks
(b)(ii) (at x = 0.40cm), potential = (=) 75 x 0.40/1.2 c1
(=(=)25V)
1emv = gV c1
Yx4x166x107 x ¥ =2x1.60x10"7x25
or
a=Vg/dm and V= 2as (c1
V=(2x75x2x1.60x107x 040 x 1072)/(1.2x 102 x 4 x 1.66 x 107°7) (c1)
v=49x10°ms™ A1
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188. 9702_wi18_ MS_42 Q: 6

APPENDIX A. ANSWERS

Answer Marks
(a)(i) work done per unit charge B1
work done moving positive charge from infinity (to the point) B1
(a)(ii) field strength = potential gradient M1
negative sign included or directions discussed A1
(b) horizontal straight lines, at non-zero potential, within the spheres B1
magnitude of potential greater at surface of sphere A than at surface of sphere B B1
concave curve between A and B, with a minimum nearer to B B1
lines show V positive all the way from 0 to D B1

189. 9702 w18 MS 43 Q: 6
Answer Marks
(a)() work done per unit charge B1
work done moving positive charge from infinity (to the point) B1
(a)(ii) field strength = potential gradient M1
‘~ sign included or directions discussed A1
(b)(i) gain in kinetic energy (= loss in potential energy) = charge x p.d. or gV = %mv? M1
so v is independent of separation (because separation not in expressions) A1
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Answer Marks
(b)(ii) (at x = 0.40cm), potential = (-) 75 x 0.40/1.2 c1
(=()25V)
vsmv = gV c1
%x4x166x107 x v =2x1.60x10"7x25
or
a=Vqldm and V= 2as (c1)
V= (2% 75x2x 160 x 1077 x 0.40 x 107%) /(1.2 x 107 x 4 x 1.66 x 107") (c1)
v=4.9x10'ms™ A1
190. 9702_s17_MS_42 Q: 6
‘ Answer Marks
(a) ‘ force proportional to product of charges and inversely proportional to the square of the separation M1
‘ reference to point charges Al
(b)(i) (near to each sphere,) fields are in opposite directions M1
:cr)int (between spheres) where fields are equal and opposite
:cr)int (between spheres) where field strength is zero
‘ so same (sign of charge) Al
(b)ii) ‘ (atx=50em)E=30x10°Vm'anda=qgE/m c1
‘ E=(1.60x107" x 3.0 x 10%)/(1.67 x 107%) c1
‘ =29x10"ms? Al
(c) field strength or E is potential gradient M1
T?;Id strength is rate of change of (electric) potential
‘ (field strength) maximum at x = 6 cm Al
191. 9702 _s17_MS_43 Q: 5
Answer Marks
(a) (loss in) kinetic energy of a-particle = Qq/ 4ngr c1
f.f).rT x 107 = Qq/4dngr
7.7 %107 =8.99 x 10° x 79 x 2 x (1.60 x 107%)/r M1
r=47x10"m A1
ris closest distance of approach so radius less than this
(b) force = Qg/4ngr’=4uxa c1
899 x 10" x 79 x 2 x (1.60 x 107'9)?/ (4.7 x 107’ =4 x 1.66 x 10 x a c1
a=25x10"ms> A1
(e) so that single interactions between nucleus and a-particle can be studied B1
:(; that multiple deflections with nucleus do not occur
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192. 9702_w17_MS_42 Q: 6

Answer Marks
(a) electric field lines are radial/normal to surface (of sphere) B1
electric field lines appear to originate from centre (of sphere) B1
(b)(i) tangent drawn at x = 6.0cm and gradient calculation attempted Cc1
E=9.0x10'NC™ A2
(1 mark if in range +1.2; 2 marks if in range +0.6)
or
correct pair of values of \/ and x read from curved part of graph and substituted into V = g/4ngx (C1)
to give ¢ =3.6 x 107°C (c1)
(then E = q/4ngx? and x = 6¢cm gives) E=9.0 x 10*NC™! (A1)
or
(E = gl4nax’and V = g/ 4rnax and so) E = Vix (c1)
giving E = 5.4 x 10°/0.060 (c1
=9.0 x 10°NC” (A1)
(b)(ii) | (R=)2.5cm B1
potential inside a conductor is constant B1
f?;ld strength inside a conductor zero (so gradient is zero)
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193.9702_wi16_MS_41 Q: 5

(a)

(b)

(c)

(d)

194.

(@

in an electric field, charges (in a conductor) would move
no movement of charge so zero field strength

ggarge moves until F=0/E=0

or

charges in metal do not move

no (resultant) force on charges so no (electric) field
atP, Ea= (3.0 x 107'%)/[4n&(5.0 x 1027 (= 10.79NC™)
at P, Es = (12 x 107%)/[4n&(10 x 1079)%] (= 10.79NC™)
or

(3.0 x 107%)/[4n&(5.0 x 10797 = (12 x 107'?)/[41&(10 x 107%)’] = 0
or

(3.0 x 10712)/[4n(5.0 x 102)7] = (12 x 10712)/[4nn(10 x 10723

fields due to charged spheres are (equal and) opposite in direction, so E=0

potential =8.99 x 10° {(3.0 x 107'2)/(5.0 x 1072) + (12 x 107'2)/(10 x 102)}

=1.62V

vBmv? = qV

Ex =" x 107 x 1.66 x 107" x v?
gV =47 x1.60x 1079 x 1.62
vZ =1.37 x 10®

v =1.2x10*ms™

9702 _wl16_MS 42 Q: 6

E=0 or En=(-)Eg (at x=11cm)

Qn/X* = Qg/ (20 — x)* = 112/ 97

Qa/ Qg orratio=1.5

or

E « Qbecause rsame or E = Q/4ner and r same
Qn/ Qe =48/32

Qu/Qgorratio=1.5

B1

B1

(B1)
(B1)

M1

M1

(M2)

Al

C1
A1

C1
C1

A1

B1
C1

A1

[2]

[3]

[2]

[3]

[3]
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(b) (i) for max. speed, AV=(0.76-0.18)V or AV=058V C1
gAV = smv?
2x(1.60x 107 x 0.58 = Y2 x 4 x 1.66 x 10" x V* C1
V' =559 x 10’
v=75x10°ms™ A1 [3]
(i) AV=022V C1

2x(1.60x10™) x022="x4x1.66x 107 x V*
V=212 %107
v=46x10°ms™ Al 2]

195. 9702_w16_MS 43 Q: 5

(a) in an electric field, charges (in a conductor) would move B1

no movement of charge so zero field strength

gl:arge moves until F=0/E=0 B1 [2]
or
charges in metal do not move (B1)
no (resultant) force on charges so no (electric) field (B1)
(b) atP, Ex=(3.0 x 107"%)/[4ng(5.0 x 107%)*] (= 10.79NC™") M1
atP, Bz = (12 x 1072)/[4n&(10 x 1079 (= 10.79NC™) M1
or

(3.0 x 107%)/[4n&(5.0 x 10797 = (12 x 107)/[4ne(10 x 10797 = 0

or
(3.0 x 107%)/[4n&(5.0 x 10797 = (12 x 107?)/[4n&(10 x 1072)4 (M2)
fields due to charged spheres are (equal and) opposite in direction, so E=0 Al [3]
(c) potential =8.99 x 10° {(3.0 x 107%)/(5.0 x 107) + (12 x 107"2)/(10 x 1072)} C1

=1.62V Al 2]

(d) amVv?=qV

Ex =% x 107 x 1.66 x 107" x v? C1
qV =47 x 1.60 x 1079 x 1.62 C1
v? =1.37 x 10°

v =12x10*ms™ Al [3]
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196. 9702_m21_MS_42 Q: 6

887

Answer Marks
(@) (both have) radial field lines B1
(b)(i) 21cm B1
(b)(i) __Q c1
N 4re,r?
eg.r=21cm, E=130x10°Vm™'
Q=4re,r’'E
=4x7x8.85%107? x0.021* x1.30x 10"
=6.4x107°C A1
Answer Marks
(c) c-Q c1
v
either
V= 4;or leading to C =471
C=4x7x8.85x107"2x0.021 c1
(C=)2.3x10"F Al
or (C1)
v= 4;;‘;
_ 6.4x107
4x7x8.85x107"7 x0.021
=2740V
_64x10”
2740
=23x107°F (A1)
197. 9702_s21 MS 41 Q: 7
Answer Marks
(a) charge / potential M1
charge is on one plate, potential is p.d. between the plates A1
(b)) [I=Qit M1
charge = CV and time = 1/fleading to I = fCV A1
(b)(ii) |4.8x105=150x60xC c1
C=530pF A1
(e) (total) capacitance is halved B1
charge (for each cycle/discharge) is halved B1
gi'r-u:e fand V are constant, current is proportional to capacitance
current = 2.4 uA B1
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108. 9702 _s21 MS 42 Q: 6

| Answer Marks
(a) potential difference applied between the plates M1
causes charge separation (between the plates) A1
g;uses energy to be stored (between the plates)
(b)) |I=Qit M1
clear substitution of Q = CVand f= 1/, leading to I = fCV A1
(b)(ii) |25x10%=50xCx180 c1
C =280pF A1
(c) (total) capacitance increases B1
greater charge (for each cycle/discharge) so greater (average) current B1
?/rand f are constant so (average) current increases
?:s (directly) proportional to C so (average) current increases

199. 9702_s21 MS 43 Q: 7

| Answer Marks
(a) charge / potential M1
charge is on one plate, potential is p.d. between the plates A1
(b)i) |[I=Qit M1
charge = CV and time = 1/fleading to I = fCV A1
(b)(ii) |4.8x105=150x60xC c1
C=530pF A1
(c) (total) capacitance is halved B1
charge (for each cycle/discharge) is halved B1

:il;me fand V are constant, current is proportional to capacitance
current = 2.4 nA B1
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200. 9702 w21 MS 42 Q: 6

889

Answer Marks
(@) work done per unit charge B1
(work done in) moving positive charge from infinity B1
(b) c=QlVv c1
V= Q/(4ngr) and so C= Q/[Q/ (4ner)] = 4ner A1
(c) Q=4nary =4nx8.85x107"?x0.13 x 4500 c1
(=6.5x 108 C)
(Q-q)/13=q/5.2 c1
52Q-529=13qg,s0q=(5.2/18.2)Q A1
q =(5.2/182)x6.5x 108
=19x108C
or
Vr=Qr/Cr (C1)
=6.5x10%/[4n x 8.85 x 10-12x (0.13 + 0.052)]
(=3210V)
q =4mnx8.85x10-2x 0.052 x 3210 (A1)
=19x10%°C
201. 9702_m20_MS_42 Q: 6
Answer Marks
@) 2.0cm B1
(b) At 16 (cm) from A the electric fields are equal or Ex = Es B1
E = Q/4ne.r? c1
Qa/ (4Teora2) = Qp / (4Teors?)
3.6x109/0.162 = Qs /0.082
Qs=9.0x10""C A1
(e)i) | V=Q/idneors c1
V=36x1079/(4 xnx 8.85x 10712 x 0.020)
V=1600V A1
(e)(ii) c=Q/V Cc1
=3.6 x10°/1600
=23x10"1F A1
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202. 9702_s19 MS_41 Q: 6

Answer Marks
(a) Any valid two points e.g.: B2
e to store (electrical) energy
+ smoothing/reduce ripple (on direct voltages/currents)
s toblockd.c.
¢ timing/time delay (circuits)
¢ in oscillator (circuits)
e intuning (circuits)
* to prevent arcing/sparks
(b) clear indication of equal charge on each capacitor B1
E=Vi+Va+ V3 and V=Q/C M1
completion of algebra leadingto 1/C=1/Ci+1/C2+1/C3 A1
(e)(i) three capacitors connected in parallel B1
(e)(ii) parallel combination of three capacitors connected in series with one capacitor B1
203. 9702 _s19 MS 43 Q: 6
Answer Marks
@) Any valid two points e.g.: B2
+ to store (electrical) energy
¢ smoothing/reduce ripple (on direct voltages/currents)
e toblockd.c.
* timing/time delay (circuits)
* in oscillator (circuits)
e intuning (circuits)
e to prevent arcing/sparks
(b) clear indication of equal charge on each capacitor B1
E=Vi+V,+V; and V=Q/C M1
completion of algebra leadingto 1/C=1/Ci+1/Ca+1/C3 A1
(e)(i) three capacitors connected in parallel B1
(e)(ii) parallel combination of three capacitors connected in series with one capacitor B1
204. 9702 _s18 MS 41 Q: 7
Answer Marks
(a) (capacitance =) charge/potential M1
charge is (numerically equal to) charge on one plate A1l
potential is potential difference between plates A1
(b)) |45x10°C A1
(b)) |9.0x10%C A1
(b)(iii) | capacitance = (9.0 x 107%)/120 c1
=75x107"F A1l
(c) total capacitance is halved B1
current is halved B1
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205. 9702_s18_MS_43 Q: 7

Answer Marks
(a) (capacitance =) charge/ potential M1
charge is (numerically equal to) charge on one plate A1
potential is potential difference between plates A1
(b)) |45x10°C A1
(b)) |9.0x10°%C A1
(b)iii) | capacitance =(9.0 x 10°%)/120 c1
=75x107"°F A1
(c) total capacitance is halved B1
current is halved B1

206. 9702_w17_MS_41 Q: 6
Answer Marks
(a)(i) 1T=1/(2C)+1/C c1
T=%Cor0.67C A1
(a)(ii) same charge on Q as on combination B1
sopd.is6.0V B1
(b) P: p.d. will decrease (from 3.0V) B1
to zero B1
Q: p.d. will increase (from 6.0V) B1
to 9.0V B1

207. 9702_w17_MS_43 Q: 6
Answer Marks
(a)(i) 1/T=1/(2C)+1/C c1
T=%Cor0.67C A1
(a)(ii) same charge on Q as on combination B1
sopd.is6.0V B1
(b) P: p.d. will decrease (from 3.0V) B1
to zero B1
Q: p.d. will increase (from 6.0V) B1
to 9.0V B1
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208. 9702_w16_MS 42 Q: 7
(a) (i) charge/potential (difference) or charge per (unit) potential (difference) B1 [1]
(ii) (V=Q/4ngr and C=Q/V)
for sphere, C (= Q/ V) = 4ngor C1

C=4nx885x10"x125x102=14x10"F Al [2]

(b) (i) 1/Cr=1/3.0+1/6.0

Cr=20pF A1 [1]

(ii) total charge = charge on 3.0 uF capacitor = 2.0 (u) x 9.0 = 18 (uC) C1
potential difference = Q/C =18 (u)C/3.0 (u)F =6.0V A1 [2]
or

argument based on equal charges:

30xV=6.0x(9.0-V) (C1)
V=60V (A1)

(iii) potential difference (=9.0-6.0)=3.0V C1
charge (= 3.0 x 2.0 (n)) =6.0uC A1 [2]

209. 9702_w21_MS_41 Q: 6

Answer Marks ‘

(a) Q=CV and E=%CV B1

(b)(i) Cn=CL/(L-D) B1

(b)(ii) | (charge is unchanged by moving the plates so) Qu = CV B1

(b)(iii) | Vw =Qn/Cn B1
=(CW)/[CLI(L - D)]

=VL-D)/L

(c) oppositely charged plates attract, so energy stored decreases B1
210. 9702_w21_MS_43 Q: 6

Answer Marks

(a) Q=CV and E=%CWV B1

(b)(i) Cn=CL/(L-D) B1

(b)(ii) | (charge is unchanged by moving the plates so) Qn = CV B1

(b)(iii) | W =Qn/Cn B1

= (CV)/[CL/ (L - D)]

=WL-D)/L

(c) oppositely charged plates attract, so energy stored decreases B1
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Answer Marks
(a) charge / potential (difference) M1
charge on one plate, p.d. between the plates A1l
(b)(i) all three capacitors connected in series B1
(b)(ii) 8 ( uF) in parallel with the two 4 (uF) capacitors connected in series B1
(c) discharge from 7.0V to 4.0V Cc1
Either energy = %CV2 orenergy = % QVand C= Q/V Cc1
energy =% x 47 x 108 x (72 -42) A1
=7.8x104J
212. 9702_s18_MS_42 Q: 6
Answer Marks
(a) capacitance = charge / potential M1
charge is (numerically equal to) charge on one plate A1
potential is potential difference between plates A1
(b)(i) two in series, in parallel with the other (correct symbols) A1
(b)(ii) two in parallel connected to one in series (correct symbols) A1
(e)(i) capacitance = 1.2 uF A1
(c)(ii) 1.Q =CV c1
=1.2x80 A1
=9.6uC
2. E=%QV and V=Q/C c1
g: 1%CV and V=Q/C
or
E=u@/C
E=1%(9.6 x 10°%2/(3.0 x 1079 A1
=15x10°J
213. 9702_s17_MS_42 Q: 7
‘ Answer Marks
(a) ‘ equal and opposite charges on the plates so no resultant charge B1
‘ +ve and —ve charges separated so energy stored B1
(b) ‘ charge / potential difference M1
‘ reference to charge on one plate and p.d. between plates Al
(c) energy = % CV* c1
or
energy=%QVand C=Q/V
(1/16) x 2 CVy’ =16 CV A1
V=%V
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214.9702_ml16_MS 42 Q:7

(a) (capacitance =) charge/ potential (difference) B1 [1]
(b) V=V+V+V; B1
either Q/C=Q/Ci+Q/Co+Q/Cs or V/Q=Vi/Q +V2/Q+ V3/Q
andso 1/C=1/C4+1/Co+1/C4 B1 [2]

(¢) (i) 1. 1/Cr=(1/200)+ (1/600)

Cr =150 uF A1 1]
2. Q=cv
=150 x 10 x 12 or 600 x 10° x 3.0 or 200 x 10°x 9.0
=1.8x10°C Al [1]
3. V=Q/C=18x102/600x10"° or V=[200/(200 + 600)] x 12
=3(.0)V A1 1]
(i) energy = %CV?2 or energy = %:QV and C= Q/V C1
Tox Cx3%=2x",xCx V? C1
V=21V A1 [3]

215. 9702_m20_MS_42 Q: 7

Answer Marks

@) axes labelled with resistance and temperature MO
concave curve not touching temperature axis A1

line with negative gradient throughout A1

(b) resistance of thermistor decreases B1
total circuit resistance decreases so voltmeter reading increases B1

or
current increases so voltmeter reading increases

or

greater proportion of resistance in fixed resistor so voltmeter reading increases
or

p-d. across thermistor decreases so voltmeter reading increases

(c) (0.020 strain means) AR/ R = 0.090 c1

AR=0.090 x 120 =10.8Q c1

resistance = 120 + 10.8 =130 Q A1
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Answer Marks
(a) Any five from: B5
s (as temperature rises) energy of electrons increases
+ electrons (have enough energy to) cross forbidden band
+ electrons enter conduction band
¢ leaving holes in valence band
¢ both holes and electrons act as charge carriers
* more charge carriers results in lower resistance
* increased lattice vibrations outweighed by increase in (number of) charge carriers
(b) (at 10 °C resistance is) 2.55 kQ c1
new potential difference =9.00 x 2.55/(2.55 + 12.0) c1
=158V
change inp.d. =0.58V A1
(c) change of resistance with temperature is not linear B1
change in potential with resistance is not linear B1
or
potential divider equation is nen-linear
217. 9702_m17_MS_42 Q: 7
Answer Marks
(a) correct grid shape (of wire) B1
fine wire/foil strip B1
plastic/insulating envelope containing the wire B1
(b)(i) 2.00/6.00=153.0/ (R + 153.0) c1
or
4.00/6.00=R/(R+ 153.0) (so R = 306.0)
AR =306.0 — 300.0 = 6.0 (Q) c1
so AL =8(.0) x 10°m A1l
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Answer Marks
(b)(ii) R or AR increases B1
V¥ <V or Vi <2.00 or V*/ Vs decreases M1
output is negative/ -5V A1
diode X emits light/is ‘on’ A1
218.9702_s21 _MS 42 Q:7
Answer Marks
(a)(i) no current enters/leaves the input B1
(a)(ii) gain is the same for all frequencies B1
(b)(¥) Vin=1.5x400/(400 + 1100) =040V A1
?/IFN =1.5-(1.5x1100/1500) = 0.40V
?1r.5— Vin) /1100 = Vin/ 400 so Vin = 0.40V
(b)(ii) | gain=(-)Ri/Ri c1
Vour/0.40 = (360 + 100)/96 c1
Vour=1.9V A1
(b)(iii) | resistance of thermistor decreases B1
(magnitude of) gain decreases so reading decreases B1
(b)(iv) | (at gain 12.5) Vouris 5.0V, so (above gain 12.5) output becomes saturated B1
219. 9702_w21_MS 42 Q: 7
Answer Marks
(a) output voltage / input voltage M1
input (voltage) is difference between (inverting and non-inverting) inputs A1
(b) « reduces the gain B2
« greater bandwidth
* more stable
Any two points, 1 mark each
(c)(i) inverting amplifier B1
(c)(i) | X marked anywhere between right-hand edge of 480 Q resistor, left-hand edge of 1.2k resistor and the inverting input B1
(e)(iii) |gain =(-)R/R c1
=(-)1200/480 A1
=-25
(c)iv) | Vin =6.5/(=2.5) A1
=-26V
(c)(v) (—2.5) x (-5.4) = +13.5V, and so output saturates A1
Vour = (+)8.0V
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Answer Marks
(a) * infinite (open-loop) gain B2
* infinite slew rate
* infinite input impedance
* zero output impedance
* infinite bandwidth
Any two points, 1 mark each
(b) X: thermistor and Y: relay B1
(c)(i) (any) difference in voltage at the inputs causes output to saturate (because gain is very large) B1
saturates positively if V¥ > V- and saturates negatively if V* < V- B1
(e)(ii) comparator B1
(c)(iii) | temperature M1
above a particular value A1
(c)(iv) | to adjust the temperature (at which the lamp illuminates/extinguishes) B1
221.9702_s20_MS 42 Q:8
Answer Marks
(a)(i) constant gain for all frequencies B1
(a)(ii) | unchanged B1
(b)(i) (open loop) gain of op-amp is infinite B1
feedback loop ensures V* = V- B1
(a’r:y difference between V* and V- results in saturated output
non-inverting input is 0 V so inverting input also at 0 vV B1
(b)(ii) | input=(40x 1.5)/(40 + 110) c1
=040V A1
(b)(iii) | gain = (=) (100 + 230)/150 c1
;’eredback current = 0.40/ (150 x 10%) (A)
p.d.= [(100 +230)/150] x 0.40 A1
=0.88V
(c) (magnitude of) gain decreases M1
voltmeter reading decreases A1
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222. 9702 520 MS 43 Q: 7

Answer Marks
(a) output signal proportional to input signal B1
output signal has same sign/polarity as input signal B1
(b)(i) | gain = Vour/Vin A1
=2.6/0.084
=31
(b)(ii) |31=1+(15x10%)/R c1
R=500Q A1
(e)(i) e.g. cathode-ray oscilloscope/CRO B1
(c)(ii) gain is reduced B1
(so0) Vour is smaller B1
223.9702_ml19 MS 42 Q: 7

Answer Marks
(a)(i) output voltage / input voltage B1
(a)(ii) no time delay between input and output B1
clear reference to change(s) in input and / or output B1
(b)(i) Vi only connected to non-inverting input B1
midpoint between Ry and Rz only connected to inverting input B1
Answer Marks
(b)(ii) |gain=1+(Ri/Ry) c1

25=1+(12x 10%)/R,
Rz=5000 A1
(b)(iii)) | Vmax =925 c1

=036V
range is 0.36 Vto + 0.36 V A1
224.9702_s19 MS_42 Q: 9

Answer Marks
(@)(i) relay coil shown connected between diode and earth B1
switch shown connected across lamp B1
(a)(ii) Any one from: M1

e (for diode to conduct) current flow is into output of op-amp
* when earth is at higher potential diode is forward biased

+ diode blocks current when output positive

¢ diode must conduct

so Vour is negative A1
(b)(i) strain gauge B1
(b)(ii) light-dependent resistor B1
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Answer Marks
(a)(i) gain is constant M1
for all frequencies A1
(a)(ii) no time delay between input (voltage) and output (voltage) B1
clear reference to change(s) in input and/or output (voltages) B1
(b) diagram: Vjy connected to V" only B1
midpoint between resistors R, and R; connected to V- only B1
(c)i) |-36V A1
(c)(ii) (+)5.0V A1l
226. 9702 w18 MS 43 Q: 7
Answer Marks
(a)(i) gain is constant M1
for all frequencies A1
(a)(ii) no time delay between input (voltage) and output (voltage) B1
clear reference to change(s) in input and/or output (voltages) B1
(b) diagram: Vy connected to V* only B1
midpoint between resistors Ry and R, connected to V- only B1
(e)(i) -3.6V A1
(c)(ii) (+)5.0V A1
227. 9702_s17_MS_41 Q: 6
Answer Marks

(a)i) lamp needs ‘high’ power/‘large’ current/large’ voltage B1
op-amp can deliver only a small current/small voltage B1
(a)(ii) correct symbol for relay coil connected between output and earth B1
switch between mains supply and lamp B1
(b)(i) vary light intensity at which lamp is switched on/off B1
(b)(ii) so that relay operates for only one current/voltage direction B1

g; that relay/lamp operates for either dark or light conditions
(c) when light level increases, LDR resistance decreases B1
(RLor low,) so V™ > V', so Vput negative/~5 V (must be consistent with B1 mark) M1

or

when light level decreases, LDR resistance increases (B1)
(Ruor high,) so V™~ < V', so Vour is positive/+5 V (must be consistent with B1 mark) (M1)
lamp comes on as light level decreases A1

or
lamp goes off as light level increases
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228. 9702_s17_MS_43 Q: 6

Answer Marks
(a)i) lamp needs ‘high’ power/‘large’ current/large’ voltage B1
op-amp can deliver only a small current/small voltage B1
(a)(ii) correct symbol for relay coil connected between output and earth B1
switch between mains supply and lamp B1
(b)(i) vary light intensity at which lamp is switched on/off B1
(b)(ii) so that relay operates for only one current/voltage direction B1

or
so that relay/lamp operates for either dark or light conditions

(c) when light level increases, LDR resistance decreases B1
(RLpr low,) so V™ > V', so V1 negative/~5 V (must be consistent with B1 mark) M1
or
when light level decreases, LDR resistance increases (B1)
(Ruor high,) so V™ < V', so Vour is positive/+5 V (must be consistent with B1 mark) (M1)
lamp comes on as light level decreases A1
or

lamp goes off as light level increases

229. 9702 w17 MS_41 Q: 7

Answer Marks
(@) gain of amplifier is very large B1
V' is at earth (potential) B1
for amplifier not to saturate M1
difference between V- and V" must be very small or V- must be equal to V* A1
or
if V" = V' then feedback voltage (mM1)
acts to reduce gap until V" = V* when stable (A1)
(a)(ii) input impedance is infinite B1
(so) current in Ry = current in R; B1
(Vin=0)/Ry = (0 - Vour)/ R, B1
(gain =) Vour/ Vin=— R/ Ry B1
(b) graph: correct inverted shape (straight diagonal line from (0,0) to a negative potential, then a horizontal line, then a straight B1
diagonal line back to the t-axis at the point where Viy=0)
herizontal line at correct potential of (—)9.0V B1
both ends of horizontal line oceur at correct times (coinciding with when Vi = 2.0V) B1
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230. 9702_wl17_MS_42 Q: 7

Answer Marks

(a)i) (part of) the output is combined with the input M1
reference to potential/voltage/signal A1

(a)(ii) e increased (operating) stability B2

s increased bandwidth/range of frequencies over which gain is constant
o less distortion (of output)

Any 2 points.
(b)(i) | 1. gain =3.6/(48 x107) c1
=75 A1
2. gain=1+R:/R c1

75=1+(925x 10°)/R

R=1300Q A1

(b)ii) | for 68 mV, gain x Viy = 5.1(V) M1
or
output voltage would be greater than the supply voltage

amplifier would saturate (at 5.0 V) A1
or
output voltage = 5.0 (V)

231. 9702_wl7_MS_43 Q: 7

Answer Marks
(@)(i) gain of amplifier is very large B1
V* is at earth (potential) B1
for amplifier not to saturate M1
difference between V" and V* must be very small or V" must be equal to V* A1
or
if V" = V' then feedback voltage (mM1)
acts to reduce gap until V" = V* when stable (A1)
(a)(ii) input impedance is infinite B1
(so) current in Ry = current in R» B1
(Vin—0)/R1=(0 - Vour)/ Rz B1
(gain =) Vour/ Vin = — Ra/ Ry B1
(b) graph: correct inverted shape (straight diagonal line from (0,0) to a negative potential, then a horizontal line, then a straight B1
diagonal line back to the f-axis at the point where Viy=0)
horizontal line at correct potential of (—)9.0V B1
both ends of horizontal line occur at correct times (coinciding with when Vin = 2.0V) B1
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232.9702_ml16_MS 42 Q:8

(a) decreases gain B1
increases bandwidth/decreases distortion/increases (operating) stability B1 [2]

(b) (i) additional resistor connected between 7.2k resistor and earth B1
V™ joined to lower end of 7.2kQ resistor and V™ joined to V}y B1 [2]

(if) either 5=1+(7.2/R) or 5=1+ (7200/R) C1
R=1.8kQ Al [2]

(ifi) horizontal line from (0, 8.0) to (1.8, 8.0) B1
straight line from (1.8, 8.0) to (5.0, 0) B1 [2]

(allow a tolerance of + ¥ small square when marking the graph)

233. 9702_wl6_MS_42 Q: 8

(a) P shown between earth symbol and voltmeter B1 [1]
(b) (i) gain= (50 x 10%/100 =500 C1

Vin (= 5.0/500) =0.010V Al [2]

(i) Vin(= 5.0/5.0)=1.0V Al [1]

(c) e.g. multi-range (volt)meter
c.r.o. sensitivity control
amplifier channel selector B1 [1]

234.9702_m21 MS 42 Q:7

Answer Marks
(a)(i) non-inverting (amplifier) B1
@i gain :% +1 B1
gain :% +1=6.0
(a)(iii) straight line from (0,0) to (T/2, 3) B1
line from origin to 3.0V then horizontal line at 3.0 Vto T B1
(a)(iv) Idr / light dependent resistor replaces one of the two resistors B1
(b)(i) relay coil B1
(b)(ii) relay coil between op-amp and earth B1
diode with correct polarity (pointing away from output) connected between output and device and no other connections B1
or diode with correct polarity (pointing towards earth) between device and earth and no other connections
switch connected to high voltage circuit B1
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Answer Marks
(@) vt =3.0x3.0/(2.5+3.0) c1
=16V A1
(b) V-is +2.0V B1
or
V-> v
output is negative so (LED) does not emit light B1
(c) at0°C, V-=17V B1
or
for all temperatures above 0 °C, resistance of thermistor < 4.2 kQ
V- always greater than V* (so no switching) B1
(d) (at20°C,) Rr = 1.8kQ c1
25/3.0=18/R c1
or
[RI(R+18)]x30=16
R=22kQ A1
236. 9702_s21 MS 43 Q:8
Answer Marks
(a) Vv =3.0x%3.0/(2.5+3.0) c1
=16V A1
(b) V-is +2.0V B1
or
Vo> v
output is negative so (LED) does not emit light B1
(c) at0°C,V-=17V B1
or
for all temperatures above 0 °C, resistance of thermistor < 4.2kQ
V- always greater than V* (so no switching) B1
(d) (at20°C,) Rr = 1.8kQ c1
25/3.0=18/R c1
or
[RI(R+1.8)]x3.0=16
R=22kQ A1
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237.9702_ w21 MS 41 Q: 7

APPENDIX A. ANSWERS

Answer Marks
(a) * infinite (open-loop) gain B2
* infinite slew rate
* infinite input impedance
* zero output impedance
* infinite bandwidth
Any two points, 1 mark each
(b) X: thermistor and Y: relay B1
(e)(i) (any) difference in voltage at the inputs causes output to saturate (because gain is very large) B1
saturates positively if V¥ > V- and saturates negatively if V* < V- B1
(e)(ii) comparator B1
(c)(iii) | temperature M1
above a particular value A1
(e)(iv) | to adjust the temperature (at which the lamp illuminates/extinguishes) B1
238. 9702 20 MS 41 Q: 7
Answer Marks
(a) output signal proportional to input signal B1
output signal has same sign/polarity as input signal B1
(b)(i) | gain = Vour/ Vin A1
=2.6/0.084
=31
(b)ii) |31=1+(15x10%)/R c1
R=500Q A1
(c)() e.g. cathode-ray oscilloscope/CRO B1
(c)(ii) gain is reduced B1
(so) Vour is smaller B1
239. 9702_s19 MS_41 Q: 7
Answer Marks
(a)(i) (amplifier) gain is very large/infinite B1
for amplifier not to saturate, V* = V- B1
?eredhack (loop) ensures V* =\
V*is at earth/0 V so Vis (almost) at earth/0V B1
(@)(ii) | gain =(-)5200/800 or (-)5.2/0.80 c1
=-6.5 A1
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I Marks

Answer
(b) (at saturation,) Vour=5V Cc1
p.d.acrossR =5-23 Cc1
=27(V)
resistance = 2.7/(30 x 10-3) A1
=90Q
or
Rode = 2.3/0.030 = 77 Q (c1)
Riotal = 5.0/0.030 = 167 Q
Rresistor (5 167 —77)=90Q (A1)
or
Rdiode = 2.3/0.030 =77 Q (C1)
77/ (Rresistor + T7) x 5= 2.3
Rresistor = 90 Q (A1)
or
Ruiode =2.3/0.030 =77 Q (C1)
Riresistor = 77 % (2.7/2.3)
Rresistor = 90 02 (A1)
240. 9702 _s19 MS 43 Q: 7
Answer Marks
(a)(i) (amplifier) gain is very large/infinite B1
for amplifier not to saturate, V* = V- B1
?eredhack (loop) ensures V* = V-
V*is at earth/0 V so Vis (almost) at earth/0V B1
(a)(ii) gain =(—)5200/800 or (-)5.2/0.80 c1
=-6.5 A1
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Answer I Marks
(b) (at saturation,) Vour=5V Cc1
p.d.acrossR =5-23 Cc1
=27(V)
resistance = 2.7/(30 x 10-3) A1
=90Q
or
Raode = 2.3/0.030 =77 Q (c1)
Riotat = 5.0/0.030 = 167 Q
Riresistor (= 167 = 77) =90 Q (A1)
or
Riode = 2.3/0.030=77Q (€1)
77 1 (Reesistor + 77) x 5= 2.3
Rresistor = 90 © (A1)
or
Ruiode =2.3/0.030=77Q (C1)
Rresistor = 77 x (2.7/2.3)
Rresistor = 90 02 (A1)
241.9702_wl19 MS 41 Q: 7
Answer Marks
@i) all frequencies are amplified equally B1
(a)(ii) no drop in output voltage (when there is a current) B1
(b)(i) gain=1+Rr/Rin c1
=1+(4000/800)
=6.0 A1
(b)(ii) |2.0/Vin=6.0 A1
Vin=(+)0.33V
(b)(iii) |[5.0V A1
(b)(iv) |V =5.0-22(=28V) c1
R =VII A1
=2.8/0.020
=140Q
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242. 9702 w19 MS_43 Q: 7

Answer Marks
(a)(i) all frequencies are amplified equally B1
(a)(ii) no drop in output voltage (when there is a current) B1
(b)(i) gain=1+Rr/Rin c1
=1+ (4000/800)
=6.0 A1
(b)(ii) 20/Vn=6.0 A1
Vin=(+)0.33V
(b)(iii) |[5.0V A1
(b)(iv) V =50-22(=28V) c1
R =VII A1
=2.8/0.020
=140Q
243. 9702_m18_MS_42 Q: 8

Answer Marks
(a)(i) all frequencies have the same gain B1
(a)(ii) output changes at the same time as input changes B1
(b)(i) Rr/800=1.8/1.2 A1

Rr=1200Q
(b)(ii) stepped from -9V to +9V or v.v. B1
Vout Negative < Rrand Vo,: positive > Ry B1
(b)(iii) correct LED symbol with connection between Voyr and earth B1
diode pointing upwards B1

244.9702_s18_MS 41 Q:8

Answer Marks
(@) (fraction of) output is combined with the input M1
output (fraction) subtracted/deducted from input A1
(a)(ii) any two valid points e.g.: B2

* greater bandwidth/gain constant over a larger range of frequencies/greater bandwidth
* smaller gain

(b)(i) gain =(—)9600/800 c1
=-12 A1

o)) | 1. 1.2V B1
2. -6V B1

(b)(iii) | replace the 9600 resistor with an LDR B1
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245. 9702 s18 MS 42 Q: 7

Answer Marks

(a)(i) (fraction of) output is combined with the input M1
output (fraction) subtracted/deducted from input A1

(a)(ii) Any two valid points e.g. B2

* greater bandwidth/gain constant over a larger range of frequencies
* smaller gain

(b)(i) | gain =1+ (6400/800) A1
=9.0

(b)) |1.(+)5.4V A1

2.90V A1l

(b)(iii) replace the 64000 resistor with a thermistor B1

246. 9702_s18 MS 43 Q: 8

Answer Marks

(a)() (fraction of) output is combined with the input M1
output (fraction) subtracted/deducted from input A1l

(a)(ii) any two valid points e.g.: B2

* greater bandwidth/gain constant over a larger range of frequencies/greater bandwidth
* smaller gain

(b)(i) gain =(—)9600/800 c1
=-12 A1l

)iy | 1. 1.2V B1
2. -6V B1

(b)(iii) | replace the 9600 resistor with an LDR B1

247.9702_wl8 MS_42 Q: 7

Answer Marks
(a) R/IRr=24/1.8 c1
or
at4.0°C, Rr =3.2kQ
hence R/3.2=24/1.8 A1
R=43kQ
(b) Rr=3.37kQ B1
or
Ry is greater (than 3.2kQ)
Vi v M1
hence output is +5.0V A1
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Answer Marks
(c) correct LED symbol B1
two diodes shown connected, in parallel and with opposite polarities, between Voyr and earth M1
diodes labelled to show correct polarities consistent with (b) A1
(G pointing from Voyr to earth and B pointing from earth to Vour if (b) correct)
248. 9702_s17_MS_42 Q: 8
‘ Answer Marks
(a)(i) ‘ circle around both diodes B1
(a)(ii) ‘ indicates (whether) temperature M1
‘ (is) above or below a set value A1
(b)(i) (when resistance of C> Ry,) V"> V' or V' <3V M1
:.rd. across Ry < p.d. across R/IY/3V
:.rd. across C > p.d. across R/ X/3V
‘ op-amp output is negative M1
‘ (only) green A1
(b)(ii) resistance of C becomes less than Ry B1
O\fr <V
‘ green (LED) goes out A1l
‘ blue (LED) comes on Al
(c) ‘ changes/determines temperature at which LEDs switch B1

249. 9702_wl6_MS_41 Q: 6

(a) reference to input (voltage) and output (voltage)
there is no time delay between change in input and change in output

or
reference to rate at which output voltage changes
infinite rate of change (of output voltage)
(b) (i) 2.00/3.00=1.50/R
or

V, = (3.00 x 4.5)/(2.00 + 3.00) = 2.7
2.7 =45 x RI(R + 1.50)

resistance = 2.25kQ

(ii) 1. correct symbol for LED

two LEDs connected with opposite polarities between Vour and earth
2. below 24°C, Rr > 1.5kQ or resistance of thermistor increases/high
V_ < V, or V_ decreases/low (must not contradict initial statement)

Viout is positive/+5 (V) and LED labelled as ‘pointing’ from Vo7 to earth

B1
B1

(B1)
(B1)

C1

M1
A1l

B1
M1

A1

(2]

[2]

(2]

[3]
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250. 9702_w16_MS_43 Q: 6

APPENDIX A. ANSWERS

(a) reference to input (voltage) and output (voltage) B1
there is no time delay between change in input and change in output B1 [2]
or
reference to rate at which output voltage changes (B1)
infinite rate of change (of output voltage) (B1)
(b) (i) 2.00/3.00=1.50/R C1
or
V. =(3.00 x4.5)/(2.00 + 3.00) = 2.7
27=45xR/(R+1.50) (C1)
resistance = 2.25kQ Al [2]
(ii) 1. correct symbol for LED M1
two LEDs connected with opposite polarities between Vour and earth Al [2]
2. below 24°C, Rr > 1.5kQ or resistance of thermistor increases/high B1
V_ <V, or V_ decreases/low (must not contradict initial statement) M1

Voour is positive/+5 (V) and LED labelled as ‘pointing’ from Vour to

251. 9702 w21 _MS_41 Q: 8

cath Al [3]

Answer Marks
(a) newton per ampere per metre M1
where current/wire is perpendicular to magnetic field A1
(b)(i) | F=BILsing c1
B =1.0/(5.0 x 0.060 x sin 50°) A1
=44mT
(b)(ii) (from Fleming'’s left-hand rule) force on wire is upwards, so reading decreases B1
(b)(iii) | frame will rotate (so that PQ becomes perpendicular to the field) B1
252. 9702_w21_MS_43 Q: 8
Answer Marks
(a) newton per ampere per metre M1
where current/wire is perpendicular to magnetic field A1
(b)(i) | F=BILsing c1
B =1.0/(5.0 x0.060 x sin 50°) A1
= 44mT
(b)(ii) | (from Fleming’s left-hand rule) force on wire is upwards, so reading decreases B1
(b)(iii) | frame will rotate (so that PQ becomes perpendicular to the field) B1
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Answer Marks
(a) magnetic field normal to current B1
newton per ampere B1
newton per metre B1
(b)(i) current in wire QL gives rise to a force B1
;?re QL is perpendicular to the magnetic field
force on wire QL is vertical B1
force does not act through the pivot B1
(b)(ii) | forces act through the same line B1
:::rces are horizontal
forces are equal (in magnitude) and opposite (in direction) B1
(c)(i) | change = mg x (A)L c1
=13x10*x9.81x26x102=33x10°Nm"' A1
(c)(ii) |change=Bx (A xLxx c1
33%x10°=Bx%x1.2x0.85x102x56x 102 c1
B=0.058T A1
254. 9702 _s20 MS 43 Q: 8
Answer Marks
(a) magnetic field normal to current B1
newton per ampere B1
newton per metre B1
(b)(i) current in wire QL gives rise to a force B1
\%re QL is perpendicular to the magnetic field
force on wire QL is vertical B1
force does not act through the pivot B1
(b)(ii) forces act through the same line B1
;::rces are horizontal
forces are equal (in magnitude) and opposite (in direction) B1
(e)(i) | change = mg x (A)L c1
=1.3%x10"%x9.81x26x102=3.3x10°Nm! A1
(c)(ii) |change=Bx (A)IxXLxx c1
33x10°=Bx%12x0.85x102x56x 102 c1
B=0.058T A1

STEMUP.CO.UK
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255. 9702_s18_MS_41 Q: 9

Answer Marks
(a) using Fleming's left-hand rule force on wire is upwards B1
by Newton’s third law, force on magnet is downwards B1
(b)(i) F=BIL c1
=37x107%x51x85x107? A1
=16x10°N
(b)) | F=1.6x10°N A1
(c) sketch: sinusoidal wave with two cycles B1
amplitude 2.3 x 10N B1
period 0.05s B1
256. 9702_s18 MS_43 Q: 9
Answer Marks
(a) using Fleming’s left-hand rule force on wire is upwards B1
by Newton'’s third law, force on magnet is downwards B1
(b)(i) F=BIL c1
=3.7x10°x51x85% 1072 A1
=1.6x10°N
(b)(i) | F=1.6x10"°N A1
(c) sketch: sinusoidal wave with two cycles B1
amplitude 2.3 x 10N B1
period 0.05s B1
257. 9702 w18 MS 42 Q: 8
Answer Marks
(a) force per unit current B1
force per unit length (of wire) B1
current normal to (magnetic) field B1
(b)(i) forces (on PQ and RS) are horizontal B1
(hence they create) no moment about the pivot B1
or
forces (on PQ and RS) are equal and opposite (B1)
(hence there is) no net force (on the two sections) (B1)
(b)(ii) realisation of the need to apply moments Cc1
BILx = mgy Cc1
Bx27x12x102x7.5=45x10%x9.81 x 8.8
B=16x1072T A1

STEMUP.CO.UK
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(a) (by Newton'’s third law) force on wire is up(wards)
by (Fleming's) left-hand rule/right-hand slap rule to give current
in direction left to right shown on diagram

(b) force oc current or F=BIL or B(=0.080/6.0L)=1/75L

maximum current = 2.5 x V2
=3.54A

maximum force in one direction =(3.54/6.0) x 0.080

=0.047N

difference (= 2 x 0.047) = 0.094N

or

force varies from 0.047 N upwards to 0.047 N downwards

259. 9702_s21_MS_41 Q: 9

M1
A1
A1

C1

C1

C1

A1

[3]

[4]

913

| Answer Marks

(a) region where there is a force exerted on M1

a current-carrying conductor A1

:ng charge

:rmagnelic material/magnetic pole

(b)(i) face PSWV shaded B1

(b)(ii) | accumulating electrons cause an electric field (between the faces) B1

force due to electric field opposes force due to magnetic field B1

accumulation stops when magnetic force equals electric force B1

(c)(i) number density of charge carriers B1

(c)(ii) |PVorQTorSW B1

(d) (for semiconductor,) n is (much) smaller so V4 (much) larger B1
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260. 9702 s21 MS_42 Q: 8

| Answer Marks
(@) | force per unit length B2
+ force per unit current
* length/current perpendicular to field
1 mark for any two points, 2 marks for all three points
(b) change in potential energy = change in kinetic energy B1
3:/ = Yamv?
v=1(2qV/m) Al
(c)() magnetic force = centripetal force M1
g:;v= mv2/r
clear substitution of expression for v and correct algebra leading to g/m = 2V/ B~ A1
(c)ii)y | g/m=(2%230)/[(0.38 x 103)2 x 0.14] c1
=1.6x10"Ckg' A1
(c)(iii) | (for a-particle,) g/ m is (much) smaller B1
rwould be much larger B1
261. 9702 _s21_MS 43 Q: 9
| Answer Marks
(a) region where there is a force exerted on M1
a current-carrying conductor A1
:rm_g charge
:rmagnelic material/magnetic pole
(b)(i) face PSWV shaded B1
(b)(ii) | accumulating electrons cause an electric field (between the faces) B1
force due to electric field opposes force due to magnetic field B1
accumulation stops when magnetic force equals electric force B1
(e)(i) number density of charge carriers B1
(c)(ii) | PVorQTor SW B1
(d) (for semiconducter,) n is (much) smaller so V4 (much) larger B1
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Answer Marks
(a) a region where a magnet / magnetic material / moving charge / current carrying conductor experiences a force B1
(b) B=F/Il c1
eg. =9x 1072/(5.0 x 0.045)
=0.040T A1
(c)(i) force is (always) perpendicular to the velocity / direction of motion B1
magnetic force provides the centripetal force B1
or force perpendicular to motion causes circular motion
maghnitude of force (due to the magnetic field) is constant B1
ﬁg work done by force
or
the force does not change the speed
(c)(ii) Applying the list rule, any 2 from: B2
accelerating p.d.
radius of path / radius of semicircle
magnetic flux density
263. 9702_s20 MS 42 Q: 9
Answer Marks
(a)(i) force is downwards/down the page B1
gl:l’l’ent is (right) to left
by left-hand rule, field is into plane of paper B1
(a)(ii) | magnetic force provides the centripetal force c1
Bqv=mv/r c1
v =Bgr/m A1
=(8.0x10*x1.60x 10" x 6.4 x 102)/(9.11 x 10731)
=9.0x10°ms™’
9(b)(i) arrow showing field direction down the page B1
(b)ii) |Bgqv=Eq c1
or
v=E/B
E =9.0x105x8.0 x10* A1
=72x103NC1
(c) straight line/undeviated B1
condition for no deflection depends only on v B1
gt:ndition for no deflection does not depend on mor g
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264. 9702_s19 MS_42 Q: 8

APPENDIX A. ANSWERS

Answer Marks
(a)(i) w = 3.4 x 107 x sin 30° A1
=1.7x10"ms™’
(a)(ii) mv/r=Bqv or r=mv/Bg Cc1
r=(9.11x103"x 1.7 x 107) /(3.2 x 10% x 1.60 x 10-19) c1
=0.030m A1
(b) zero B1
(c) helix/coil B1
265. 9702_ w19 MS 42 Q: 8
Answer Marks
(a) magnitude: (force =) Bqv B1
direction: P—Q or E—F or S—R or H-G B1
(b)(i) EHSP and FGRQ B1
(b)(ii) PE or QF or RG or SH B1
(c)(i) any one correct starting point from: c1
s (mass of 1 atom =) 27 x 1.66 x 107
¢ (amount of substance per unit volume =) 2.7/ 27
¢ 27 g (of substance) contains 6.02 x 1023 atoms
s (2.7 g mass contains) 0.1 mol
e (1cm? volume contains) 0.1 mol
¢ (1 m? volume contains) 10° mol
n=(2.7 x10%/(27 x 1.66 x 1027) =6.0 x 10% A1
$r= (2.7/27) x10x6.02x 102 =6.0 x 108
(c)(ii) Vi =(0.15x4.6)/(6.0 x 102 x 0.090 x 102 x 1.60 x 107"%) c1
=8.0x107V A1
266. 9702_m18 MS 42 Q: 9
Answer Marks
(a)() PSYV and QRXW B1
(a)(ii) electron moving in magnetic field deflected towards face QRXW M1
so face PSYV is more positive A1
(b)(i) PV or SY or RX or QW B1
(b)(ii) number of charge carriers per unit volume B1
(b)(iiiy negative and positive charge (carriers) would deflect in opposite directions M1
so no change in polarity A1

STEMUP.CO.UK
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Answer Marks
(a) electric and magnetic fields at right-angles to one another (may be shown on a clearly labelled diagram) B1
particle enters fields (with velocity) normal to the (two) fields (may be shown on a clearly labelled diagram) B1
no deviation for particles with selected velocity B1
(b) magnetic force equals/is the centripetal force c1
Bqv=mVIr c1
M =Bgrlv M1
=(94 x 107 x 1.6 x 107 x 0.075)/ (3.4 x 10%)

division by 1.66 x 10" shown, to give m=20u A1
(c) sketch: semicircle clear (in same direction) B1
with larger radius B1

268. 9702_w18 MS_ 41 Q: 8
Answer Marks
(@) region where there is a force M1
experienced by a current-carrying conductor/moving charge/(permanent) magnet A1
(b)(i) single path, deflection in ‘upward’ direction B1
acceptable circular are in whole field B1
no ‘kinks’ at start or end of curvature, and straight outside region of field B1
(b)(i) force (on particle) is normal to velocity/direction of motion/direction of speed B1
(c) magnetic force provides/is the centripetal force B1
Bqv=mv?ir or r=mv/Bq c1
(if g is doubled), new speed = 2v A1

269. 9702_w18 MS 43 Q: 8
Answer Marks
(@) region where there is a force M1
experienced by a current-carrying conductor/moving charge/(permanent) magnet A1
(b)() single path, deflection in ‘upward’ direction B1
acceptable circular arc in whole field B1
no ‘kinks’ at start or end of curvature, and straight outside region of field B1
(b)(ii) force (on particle) is normal to velocity/direction of motion/direction of speed B1
(c) magnetic force provides/is the centripetal force B1
Bgv=mVvir or r=mv/Bq c1
(if g is doubled), new speed = 2v A1

STEMUP.CO.UK
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270. 9702 _ml17 MS 42 Q: 8

Answer Marks
(a) region (of space) where there is a force M1
produced by/on a magnet/magnetic pole/moving charge/current-carrying conductor A1
(b)(i) out of (the plane of) the paper/page B1
(b)(ii) the force on the particle is (always) perpendicular to the velocity / perpendicular to the direction of travel/towards the B1
centre of path
no work is done by the force on the particle /there is no acceleration in the direction of the velocity /the acceleration is B1
(always) perpendicular to the velocity
(b)(iii) F= BgvorF = mviir c1
mv2/(d/2) = Bqvsod=2mv/Bg A1
(b)(iv) time = distance / speed c1
T =nd/2v
T = (n/2v) x (2mv/ Bq) A1l
Tir = mm/Bg and so T independent of v
271. 9702_s17_MS 41 Q: 7
Answer Marks
(a) (magnetic) force (always) normal to velocity/direction of motion M1
(magnitude of magnetic) force constant M1
ggeed is constant/kinetic energy is constant
so provides the centripetal force A1
(b) increase in KE = loss in PE or ¥amv? = qV M1
p = mv with algebra leading to p = ¥(2mgV) A1
(c) Bgqv=mVZ/r c1
mv = Bgrorp=Bgr
(2x9.11 %10 x 1.60 x 107" x 120)"? = B x 1.60 x 107" x 0.074 c1
B=50x10"*T A1l
(d) greater momentum M1
(p = Bgr and) so r increased A1
272.9702_s17_MS_42 Q: 9
‘ Answer Marks
(a)(i) ‘ Hall voltage depends on thickness of slice c1
‘ thinner slice, larger Hall voltage Al
(a)(ii) ‘ Hall voltage depends on current in slice B1
(b) ‘ sinusoidal wave, one cycle B1
‘at 6=0and at 6= 360°, Vi = Viuax B1
‘ at 6= 180°, Vi = —Viax B1
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273. 9702_s17_MS_43 Q: 7

Answer Marks
(a) (magnetic) force (always) normal to velocity/direction of motion M1
(magnitude of magnetic) force constant M1
:;r)eed is constant/kinetic energy is constant
so provides the centripetal force A1
(b) increase in KE = loss in PE or ¥amv? = qV M1
p = mv with algebra leading to p = V(2mgV) A1
(c) Bgv=mZ/r c1
mv = Bqror p =Bgr
(2% 9.11 % 107 % 1.60 x 107" x 120)2 = B x 1.60 x 1079 x 0.074 c1
B=50x10*T A1
(d) greater momentum M1
(p = Bgr and) so r increased A1
274. 9702 _w17_MS_41 Q: 8
Answer Marks
(a) DERQ and CFSP B1
(b)(i) force (on charge) due to magnetic field = force due to electric field B1
g:;v =Eq
or
v=EIB
E=Vu/d B1
Vi = Bvd B1
(b)) use of I = nAqvand A = dt M1
algebra clear leading to Vi = Bl/ntq A1l
(c) (in metal,) n is very large M1
(therefore) W is small A1
275. 9702 _w17_MS_42 Q: 8
Answer Marks
(@)(i) DERQ and CFSP B1
(a)(ii) charge carriers moving normal to (magnetic) field B1
charge carriers experience a force normal to I (and B) B1
charge build-up sets up electric field across the slice B1
gl.rjild-up of charges results in a p.d. across the slice
charge stops building up/Vy; becomes constant when g = Fg B1
(b) V4 inversely proportional to n/number density of charge carriers B1
number density of charge carriers (n) lower in semiconductors so W larger for semiconductor slice B1
or
V4 proportional to v/drift velocity (B1)
(for same current) drift velocity (v) higher in semiconductors so V4 larger for semiconductor slice (B1)
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276. 9702_wl17_MS_42 Q: 9

Answer Marks
(a) region (of space) B1
where an object/particle experiences a force B1
(b) electric and magnetic fields normal to each other B1
velocity of particle normal to both fields B1
forces (on particle) due to fields are in opposite directions B1
forces are equal for particles with a particular speed/for a selected speed/for speed given by v = E(q)/B(g) B1
(e)(i) path labelled Q shown undeviated B1
(c)(ii) reasonable curve in field and no ‘kink’ on entering, labelled V B1
deviated ‘upwards’ B1
277.9702_wl17_MS 43 Q:8
Answer Marks
(@) DERQ and CFSP B1
(b)(i) force (on charge) due to magnetic field = force due to electric field B1
or
Bgv =Eq
or
v=E/B
E=Wy/d B1
Vu = Bvd B1
(b)(ii) use of I = nAqv and A = dt M1
algebra clear leading to Vy = Bl/ntg A1
(c) (in metal,) n is very large M1
(therefore) V4 is small A1
278.9702_w16_MS_41 Q: 7
(a) region (of space) where a force is experienced by a particle B1 [1]
(b) (i) gravitational B1
(ii) gravitational and electric B1
(iii) gravitational, electric and magnetic B1 [3]
(c) (i) force (always) normal to direction of motion M1
(magnitude of) force constant
or
speed is constant/kinetic energy is constant M1
magnetic force provides/is the centripetal force A1l [3]
(i) mAP/r=Bgv B1

momentum or p or mv = Bqr B1 [2]
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279. 9702_w16_MS_43 Q: 7

(a) region (of space) where a force is experienced by a particle

(b) (i) gravitational
(ii) gravitational and electric

(iii) gravitational, electric and magnetic

(c) (i) force (always) normal to direction of motion
(magnitude of) force constant
or
speed is constant/kinetic energy is constant

magnetic force provides/is the centripetal force

(iiy mA/r=Bqgv

momentum or p or mv = Bqr

280. 9702_w21 MS_42 Q: 8

B1

B1

B1

B1

M1

M1

A1

B1

B1

(1]

[3]

[3]

[2]

921

Answer Marks

(a)(i) arrow from Q pointing downwards, labelled B B1

(a)(ii) arrow from Q pointing towards P, labelled F B1

(b)(i) force is proportional to product of both currents (I and 2I) B1

;rewton’s third law
forces are equal B1
(b)(ii) opposite B1
281. 9702 w19 MS 41 Q: 8

Answer Marks

() concentric circles (around the wire) M1

at least 3 circles shown, all with increasing separation Al

direction anticlockwise B1

(b)(i) B =(4nx10""x6.2)/(2nx3.1x107?) c1

=40x10°T A1

(b)) | F=BIL or F/L=BI c1

F/IL =40x10%x85 A1

=34x10*Nm-!

(c) correct application of Newton’s 3rd law to the forces M1
fc:} L is proportional to the product of the two currents

so same magnitude A1
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282. 9702_w19 MS 43 Q: 8
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Answer Marks
(a) concentric circles (around the wire) M1
at least 3 circles shown, all with increasing separation A1
direction anticlockwise B1
(b)(i) B =(4nx107x6.2)/ (2 x3.1x1072) c1
=40x10°T A1
(b)(ii) F=BIL or F/IL=BI C1
FIL =40x10°x85 A1
=34x10*Nm"!
(c) correct application of Newton’s 3rd law to the forces M1
g’ L is proportional to the product of the two currents
so same magnitude A1
283. 9702_m21_MS_42 Q: 8
Answer Marks
(@)(i) at least one anticlockwise arrow and no clockwise arrows B1
(a)(ii) (force is to the) left B1
(a)(iii) force is the same B1
Newton'’s third law (of motion) B1
or force depends on the product of the two currents
Answer Marks
(b)() frequency of radio waves is equal to natural frequency of protons B1
resonance of protons occurs / protons absorb energy B1
(b)(ii) in between pulses / when pulse stops B1
Any 1 from: B1
« protons de-excite
« protons emit r.f. pulses
+ emitted (r.f.) pulse (from proton) detected
284. 9702_s19 MS_41 Q: 9
Answer Marks
(@) nuclei precess B1
precession is about direction of magnetic field B1
frequency of precession depends on field strength B1
g;quency of precession is in radio-frequency range
(b) Any two points from: B2
+ frequency (of precession) depends on position
+ to locate position of (spinning) nuclei
+ to change region where nuclei are detected
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Answer Marks
(a) nuclei precess B1
precession is about direction of magnetic field B1
frequency of precession depends on field strength B1
;;quency of precession is in radio-frequency range
(b) Any two points from: B2
¢ frequency (of precession) depends on position
* to locate position of (spinning) nuclei
* to change region where nuclei are detected
286. 9702_w19 MS 41 Q: 9
Answer Marks
(a) nuclei precess B1
precession is about (direction of magnetic) field B1
g’;quency of precession is in radio-frequency range
(b) e frequency (of precession) depends on field strength B2
o to locate/find position of (spinning) nuclei
¢ to change region where nuclei are detected
any two points, one mark each
287.9702_w19 MS 43 Q: 9
Answer Marks
(a) nuclei precess B1
precession is about (direction of magnetic) field B1
g;quency of precession is in radio-frequency range
(b) s frequency (of precession) depends on field strength B2
¢ to locate/find position of (spinning) nuclei
» to change region where nuclei are detected
any two points, one mark each
288. 9702_s17_MS_41 Q: 8
Answer Marks
strong (uniform) magnetic field B1
* nuclei precess/rotate about field (direction)
radio frequency pulse/RF pulse (applied) B1
* RF or pulse is at Larmor frequency / frequency of precession
causes resonance / excitation (of nuclei)/nuclei to absorb energy B1
on relaxation/de-excitation, nuclei emit RF/pulse B1
* (emitted) RF/pulse detected and processed
non-uniform field (superposed on uniform field) B1
allows positions of (resonating) nuclei to be determined B1
* allows for position of detection to be changed/different slices to be studied
max. 2 of additional detail points marked * B2
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289. 9702_s17_MS_43 Q: 8

Answer Marks
strong (uniform) magnetic field B1
* nuclei precess/rotate about field (direction)
radio frequency pulse/RF pulse (applied) B1

* RF or pulse is at Larmor frequency / frequency of precession

causes resonance / excitation (of nuclei)/nuclei to absorb energy B1

on relaxation/de-excitation, nuclei emit RF/pulse B1

* (emitted) RF/pulse detected and processed

non-uniform field (superposed on uniform field) B1

allows positions of (resonating) nuclei to be determined B1

* allows for position of detection to be changed/different slices to be studied

max. 2 of additional detail points marked * B2

290. 9702_w16_MS_41 Q: 8

strong uniform magnetic field B1
nuclei precess/rotate about field (direction) (1)
radio-frequency pulse (applied) B1
R.F. or pulse is at Larmor frequency/frequency of precession (1)
causes resonance/excitation (of nuclei)/nuclei absorb energy B1
on relaxation/de-excitation, nuclei emit r.f./pulse B1
(emitted) r.f./pulse detected and processed (1)
non-uniform magnetic field B1
allows position of nuclei to be located B1
allows for location of detection to be changed/different slices to be studied (1)
any two of the points marked (1) B2 [8]

291. 9702 w16 _MS 42 Q: 10
nuclei emitting r.f. (pulse) B1

Larmor frequency/r.f. frequency emitted/detected depends on magnitude of magnetic
field B1

nuclei can be located (within a slice) B1

changing field enables position of detection (slice) to be changed B1 [4]
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strong uniform magnetic field

nuclei precess/rotate about field (direction)

radio-frequency pulse (applied)

R.F. or pulse is at Larmor frequency/frequency of precession
causes resonance/excitation (of nuclei)/nuclei absorb energy
on relaxation/de-excitation, nuclei emit r.f./pulse

(emitted) r.f./pulse detected and processed

non-uniform magnetic field

allows position of nuclei to be located

allows for location of detection to be changed/different slices to be studied

any two of the points marked (1)

293. 9702_m21_MS 42 Q: 9

B1
(1)
B1
(1)
B1
B1
1)
B1
B1
(1)
B2

(8]

925

Answer Marks
(a) (magnetic) flux density x area x number of turns M1
area is perpendicular to (magnetic) field A1
(b) useoft=1.2s c1
. _ABAN c1
S At
_ 0.250%7x0.030% x540
1.2

=0.32v A1
(e)() light damping B1
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| Answer Marks
(e)(ii) sheet cuts (magnetic) flux and causes induced emf B1
(induced) emf causes (eddy) currents (in sheet) B1
either currents (in sheet) cause resistive force B1
or currents (in sheet) dissipate energy
smaller currents in Y or larger currents in X, so dashed line is X B1
294. 9702 _s21_MS_ 41 Q: 10
Answer Marks
(a) direction of (induced) e.m.f. M1
is such as to oppose the change causing it A1
(b) ring cuts (magnetic) flux and causes induced e.m.f. in ring B1
(induced) e.m.f. causes (eddy/induced) currents (in ring) B1
currents (in ring) cause magnetic field (around ring) M1
two fields interact to cause resistive/opposing force A1
or
current (in ring) is in a magnetic field (M1)
which causes resistive force (A1)
or
currents (in ring) dissipate thermal energy (M1)
(thermal) energy comes from energy of oscillations (A1)
(c) current cannot pass all the way around the ring B1
(induced) currents smaller B1
smaller resistive force (so more oscillations) B1
g:naller rate of dissipation of energy (so more oscillations)
295. 9702_s21 MS 42 Q: 9
Answer Marks
(a) (particle is) stationary/not moving B1
(particle is) moving parallel to the (magnetic) field B1
(b) magnetic field around each coil is circular B1
:;ch coil is normal to magnetic field due to adjacent coils
current in coil interacts with (magnetic) field to exert force (on coil) B1
force is normal to both coil and magnetic field B1
;:)rrce parallel to axis (of cail)
forces between coils are attractive so spring contracts B1
(c) (oscillating) coils cut magnetic flux B1
(a); separation of coils changes, magnetic flux changes
cutting flux causes induced e.m.f. in coils B1
changing (induced) e.m.f. causes changing current (in coil) B1
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Answer Marks
(a) direction of (induced) e.m.f. M1
is such as to oppose the change causing it A1
(b) ring cuts (magnetic) flux and causes induced e.m.f. in ring B1
(induced) e.m.f. causes (eddy/induced) currents (in ring) B1
currents (in ring) cause magnetic field (around ring) M1
two fields interact to cause resistive/opposing force A1
or
current (in ring) is in a magnetic field (M1)
which causes resistive force (A1)
or
currents (in ring) dissipate thermal energy (M1)
(thermal) energy comes from energy of oscillations (A1)
(c) current cannot pass all the way around the ring B1
(induced) currents smaller B1
smaller resistive force (so more oscillations) B1
::naller rate of dissipation of energy (so more oscillations)
297.9702_m20 MS_42 Q: 3
Answer Marks
(a)(i) 0.050 m A1
@) | @=vlx c1
T=2nlw c1
0.42 = (2nx0.050)/ T
T=0.75s A1
(a)iii) one point labelled P where ellipse crosses displacement axis marked A1
(b)(i) (induced) e.m.f. proportional to rate M1
of change of (magnetic) flux (linkage) A1
(b)(ii) (there is) current in the circuit B1
either
current causes thermal energy (dissipated) in resistor B1
thermal energy comes from energy of magnet B1
or
current causes magnetic field around coil (B1)
two fields cause an opposing force on magnet (B1)
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208. 9702_s20 MS_41 Q: 9

Answer Marks
(a)i) |emf =(A)BxAN/t c1
=45x 103 x % (1.8 x 102)2 x 350/0.20 = 0.080 V A1
(a)(ii) | 0to 0.2s: straight horizontal line at 0.080V or —-0.080 V B1
0.2sto 0.4 s: zero B1
0.4 s to 0.8 s: straight horizontal line at 0.040V or —0.040 V B1
opposite polarity to 0 to 0.2 s line B1
(b) either disc cuts flux lines (of the magnet) B1

:Lrere is a changing flux in the disc
(by Faraday’s law) e.m f. is induced in the disc B1
e.m.f. causes (eddy) currents in the disc B1
current in the magnetic field (of the magnet) causes force on disc B1

299. 9702_s20 MS_43 Q: 9

Answer Marks
(a)i) |emf. =(A)BxAN/t c1
=45x 103 xmx (1.8 x 102)2 x 350/0.20 = 0.080 V A1
(a)(ii) 0 to 0.2 s: straight herizontal line at 0.080V or —0.080 V B1
0.2sto 0.4s: zero B1
0.4 s to 0.8 s: straight horizontal line at 0.040V or -0.040V B1
opposite polarity to 0 to 0.2 s line B1
(b) either disc cuts flux lines (of the magnet) B1

:I)'\rere is a changing flux in the disc
(by Faraday’s law) e.m f. is induced in the disc B1
e.m.f. causes (eddy) currents in the disc B1
current in the magnetic field (of the magnet) causes force on disc B1

300. 9702_m19_MS_42 Q: 10

Answer Marks
(a) single straight line along full length of solenoid B1
at least two more parallel lines along full length of solenoid B1
correct direction — right to left B1
(b) (induced) e.m f. proportional / equal to rate M1
of change of (magnetic) flux (linkage) A1
(c) increasing current causes increasing flux B1
increasing flux induces e.m.f. in coil B1
(induced) e.m.f. opposes growth of current B1
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Answer | Marks
(a)(i) region where a force is exerted on: B1
a magnetic pole or a moving charge or a current-carrying wire
(a)(ii) arrow on axis of solenoid pointing downwards labelled P B1
(b)(i) direction of induced e.m.f./current M1
(tends to) oppose the change causing it A1
(b)(ii) magnetic field in solenoid is increasing B1
field in coil in opposite direction to oppose increase B1
arrow inside or just above small coil pointing in opposite direction to P B1
(c) e.m.f. = NAg/ At c1
=(75x1.4x103x2x7.0x10%)/0.12 c1
=12x103V A1
302. 9702 _s19 MS 43 Q:8
Answer | Marks
(@)(i) region where a force is exerted on: B1
a magnetic pole or a moving charge or a current-carrying wire
(a)(ii) arrow on axis of solenoid pointing downwards labelled P B1
(b)(i) direction of induced e.m.f./current M1
(tends to) oppose the change causing it A1
(b)(ii) magnetic field in solencid is increasing B1
field in coil in opposite direction to oppose increase B1
arrow inside or just above small coil pointing in opposite direction to P B1
(c) emf. = NAg/ At c1
=(75x1.4x103x2x7.0x10%)/0.12 c1
=12x102V A1
303.9702_ml18 MS 42 Q: 10
Answer Marks
(a)(i) either product of flux density and area M1
direction of flux normal to area A1
or flux density x area x sin@ (M1)
where @is angle between direction of flux and area (A1)
(@)(ii) | (induced) e.m.f. proportional to rate M1
of change of (magnetic) flux linkage A1
(b) emf.  =A(PN)/At c1
=(6.8x10°%x2x3.5x96)/(2.4 x 107
=19V A1
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Answer Marks
(c) alternating Cc1
with same frequency as supply A1
304. 9702_s18 MS_41 Q: 10
Answer Marks
(@) induced e.m.f. proportional to rate M1
of change of (magnetic) flux (linkage) A1l
gertting (magnetic) flux
(b) current in coil produces flux B1
(by Faraday’s law) changing flux induces e.m.f. in ring B1
current in ring causes field (around ring) B1
(by Lenz’s law) field around ring opposes field around coil B1
305. 9702_s18_MS_42 Q: 9
Answer Marks
(a) (magnetic) flux density x area B1
magnetic flux density normal to area B1
l?erference to cross-sectional area
:rsin (angle between B and A)
% humber of turns on coil B1
(b) e.m.f. = BAN/t c1
or
e.m.f =rate of change of flux linkage
=(75x 1073 x 7% {1.2 x 10%? x 160)/0.15 A1
=36x10°V
(c) sketch: zero for 0-0.10s, 0.25-0.35 s, and 0.425-0.55 s, and non-zero outside these ranges B1
two horizontal steps, with zero voltage either side B1
with same polarity B1
correct values (1st step 3.6 mV and 2nd step 7.2 mV) B1
306. 9702_s18_MS_43 Q: 10
Answer Marks
(@) induced e.m.f. proportional to rate M1
of change of (magnetic) flux (linkage) A1
gerﬂing (magnetic) flux
(b) current in coil produces flux B1
(by Faraday’s law) changing flux induces e.m.f. in ring B1
current in ring causes field (around ring) B1
(by Lenz’s law) field around ring opposes field around coil B1



https://stemup.co.uk

307. 9702 w18 MS 41 Q: 9

931

Answer Marks
(@) (induced) e.m.f. proportional/equal to rate M1
of change of (magnetic) flux (linkage) A1
(b)(i) induced e.m.f. = (AB)AN/At c1
=(2x019x1.5x 10 x 120)/0.13
=0.053V A1
(b)(ii) reading on voltmeter connected to coil C/V: 0 0.053 0 A1
(all three values required)
reading on voltmeter connected to Hall probe/V: zero in middle column B1
final column correct sign (negative) B1
final column correct magnitude (0.20) B1
308. 9702_wl18 MS 42 Q: 9
Answer Marks
(a) 0 — t; horizontal straight line at non-zero value of Vy B1
tagni ty horizontal straight line at different non-zero V4
t; — t; straight diagonal line with negative gradient B1
Z:a[:)h line starts at (0, V) and ends at (4, —2V;)
(b) E=0for0—>fiandb > t; B1
E is non-zero at all points between t; — t; M1
E has constant magnitude between t, — t; A1l
309. 9702_wl18 MS_ 43 Q: 9
Answer Marks
(a) (induced) e.m.f. proportional/equal to rate M1
of change of (magnetic) flux (linkage) A1
(b)(i) induced e.m.f. = (AB)AN/At c1
=(2x0.19 % 1.5x 10 x 120)/0.13
=0.053V A1
(b)(ii) reading on voltmeter connected to coil C/V: 0 0.053 0 A1
(all three values required)
reading on voltmeter connected to Hall probe/V: zero in middle column B1
final column correct sign (negative) B1
final column correct magnitude (0.20) B1
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310. 9702 s17_MS_42 Q: 3

APPENDIX A. ANSWERS

‘ Answer Marks
(a)i) ‘ e.g. period =6/2.5 c1
‘ frequency = 0.42 Hz A1
(a)(ii) ‘ energy =% m x 4n’f2y,? c1
‘ =% x 025 x 4n° x 0.42? x (1.5 x 1072%)? c1
‘ =20x10*J Al
(b)(i) ‘ (induced) e.m.f. proportional to rate of M1
change of magnetic flux (linkage) Al

2:tting of magnetic flux
(b)(ii) ‘ coil cuts flux/field (of moving magnet) inducing e.m.f. in coil B1
‘ (induced) current in resistor causes heating (effect) M1
‘ thermal energy/heat derived from energy of oscillations (of magnet) A1
311. 9702_wl7_MS_41 Q: 5
Answer Marks
(@)(i) force proportional to product of charges and inversely proportional to square of separation A1
(a)(ii) curve starting at (R, Fc) B1
passing through (2R, 0.25F) B1
passing through (4R, 0.06F) B1
(b) graph: E = 0 when current constant (Oto t, L to &, #; to &) B1
stepped from {,tot, and s to £, B1
(steps) in opposite directions B1
later one larger in magnitude B1
312.9702_wl7_MS_43 Q: 5

Answer Marks
(a)(i) force proportional to product of charges and inversely proportional to square of separation A1
(a)(ii) curve starting at (R, F¢) B1
passing through (2R, 0.25F¢) B1
passing through (4R, 0.06F¢) B1
(b) graph: E = 0 when current constant (Oto &, L to &, t; to &) B1
stepped from ¢, to t, and £ to {4 B1
(steps) in opposite directions B1
later one larger in magnitude B1
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313.

(a)

(b)

314.

(a)

(b)

(c)

(d)

9702_m16_MS_42 Q: 10

(i) change in flux linkage =40 x (5.0 —3.0) x 10°®
=8(.0) x 10°°Wb

(ii) time taken =8.0 x 10°/5.0 x 107
=0.16(s)
speed =3.0 x 1072/0.16
=0.19(0.188)ms™
or
E = (Ad/Ax) x speed

speed =5.0 x 107/ (8.0 x107°/ 3.0 x107%)
=0.19(0.188)ms™

a constant non-zero value of E from 0 to 3cm and

a different constant non-zero value of E from 3 to 6cm

E from 3—6.cm has the opposite sign to and larger value than E from 0-3cm
9702 _wl16_MS 41 Q: 9

(induced) e.m.f. proportional to rate

of change of (magnetic) flux (linkage)

flux linkage = BAN

=tx107°x28 xnx (1.6 x 107/ x85=6.0 x 107* Wb

e.m.f. = AN®/ At
=(6.0x 10 x 2)/0.30

=4.0mV

sketch: E=0fort=0—0.3s,0.6s — 1.0s, 1.6s — 2.0s
E=4mVfort=0.3s — 0.6s (either polarity)
E=2mVfort=1.0s - 1.6s

with opposite polarity

A1l

C1

A1l

M1
A1

B1

C1

A1

B1

B1

B1

B1

(1]

(2]

(2]

[2]

(1]

[2]

[4]

933
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315.

(a)

(b)

(c)

(d)

9702_w16_MS 43 Q: 9

(induced) e.m.f. proportional to rate
of change of (magnetic) flux (linkage)
flux linkage = BAN

=1x10°x28 xnx(1.6x 10727 x85=6.0 x 107 Wb

e.m.f. = AN®D/ At
= (6.0 x 10 x 2)/0.30

=4.0mVY

sketch: E=0fort=0—0.3s,0.6s —> 1.0s, 1.6s - 2.0s
E=4mVfort=0.3s — 0.6s (either polarity)
E=2mVfort=1.0s —> 1.6s

with opposite polarity

APPENDIX A. ANSWERS

M1
A1

B1

C1

A1

B1

B1

B1

B1

[2]

(1]

[2]

[4]

316. 9702_s21_MS_42 Q: 10
| Answer Marks
(a) the steady current M1
or
the direct current
that produces the same heating effect (as the alternating current) A1
(b)(i) | peak current=26A and r.m.s. current =1.8A A1
(b)(ii) | peak current=2.0A and r.m.s. current = 2.0 A A1
(©)i) |k =2nf c1
=2n x50 A1
=310rads™’
(c)(ii) | power = Vaus?/ R or power = Vo?/2R c1
R=(240/+2)2/3200 or R =2402/(2x 3200) A1
R=9.0Q
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Answer Marks
(a) constant voltage M1
that produces/dissipates same power as (the mean power of) the alternating voltage A1
(b)(i) (maximum) rate of cutting of (magnetic) flux doubles B1
(peak and hence) r.m.s. induced e.m.f. doubles B1
(b)(ii) | sketch: (sinusoidal) wave of period 10 ms B1
peak E shown as + 34V B2

(7 mark out of 2 awarded if peak E shown as + 17V or+ 24 V)
(c) current in the coil results in forces that oppose its rotation B1

2lzrrent in the resistor dissipates the energy of rotation
coil stops rotating B1
318.9702_w21_MS 43 Q: 9

Answer Marks
(@) constant voltage M1
that produces/dissipates same power as (the mean power of) the alternating voltage A1
(b)(i) (maximum) rate of cutting of (magnetic) flux doubles B1
(peak and hence) r.m.s. induced e.m.f. doubles B1
(b)(ii) | sketch: (sinusoidal) wave of period 10 ms B1
peak E shown as + 34V B2

(1 mark out of 2 awarded if peak E shown as + 17V or+ 24 V)
(e) current in the coil results in forces that oppose its rotation B1

2L:rrent in the resistor dissipates the energy of rotation
coil stops rotating B1
319.9702_ml19 MS_42 Q: 8

Answer Marks
(a)(i) Either Newton's third law or equal and opposite forces B1
force on magnet is upwards B1
so force on wire downwards B1
(a)(ii) using (Fleming’s) left-hand rule M1
current from B to A A1l
(b) sinusoidal wave with at least 1 cycle B1
peaks at +6.4 mN and —6.4 mN B1
time period 25 ms B1

STEMUP.CO.UK


https://stemup.co.uk

936

320. 9702_w19_MS_42 Q: 11

APPENDIX A. ANSWERS

Answer Marks
(a) (induced) e.m.f. proportional to rate M1
of change of (magnetic) flux (linkage) A1
(b)(i) | any two from ty, fa, t5, t7 A1
(b)(i) | Landi, A1
or
tsand tg
(c) e.m.f. = NA@/ At c1
=(2x94x10*x5.0x7mx(1.8x1022 x63)/(6.0x1073) c1
=010V A1
321. 9702_ w17 _MS 41 Q:10
Answer Marks
(a) heating depends on current?/I> B1
and current’/I is always positive B1
or
a.c. changes direction (every half cycle) (B1)
but heating effect is independent of current direction (B1)
or
voltage and current are always in phase in a resistor (B1)
so V' x I is always positive (B1)
or
sketch graph drawn showing power against time (B1)
comment that power is always positive (B1)
(b)(i) | for same power (transmission, higher voltage) — lower current B1
lower current — less power loss in (transmission) cables B1
(b)(i) | e voltage can be (easily) stepped up/down B2
¢ transformers only work with a.c.
e generators produce a.c.
e easier to rectify than invert
Two sensible suggestions, 1 mark each.
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Answer Marks
(a) heating depends on current?/I? B1
and current’/? is always positive B1
or
a.c. changes direction (every half cycle) (B1)
but heating effect is independent of current direction (B1)
or
voltage and current are always in phase in a resistor (B1)
so V x I is always positive (B1)
or
sketch graph drawn showing power against time (B1)
comment that power is always positive (B1)
(b)(i) | for same power (transmission, higher voltage) — lower current B1
lower current — less power loss in (transmission) cables B1
(b)(il) | e voltage can be (easily) stepped up/down B2
* transformers only work with a.c.
e generators produce a.c.
¢ easier to rectify than invert
Two sensible suggestions, 1 mark each.

323.9702_ml6_MS_42 Q:3

(a) the (thermal) energy per unit mass to raise the temperature

of a substance by one degree

(/f ratio not clear for M1 mark, allow 1/2 marks for an otherwise correct answer)

(b) (i) to allow for/determine/cancel heat transfer to/from tube/surroundings

(if) either P=mcA6 +h
ord44.9=158x10%xcx (25.5-19.5)th
or33.3=111x10%x¢cx (25.5-19.5)th
(44.9-33.3)=(1.58 — 1.11) x 10 x ¢ x (25.5 — 19.5)
c=4100 (4110)Jkg 'K
(allow 1/3 for use of only 33.3W, 1.11gs™" leading to 5000 Jkg™' K™")
(allow 1/3 for use of only 44.9W, 1.58gs™" leading to 4740 kg~ K™")

(c) Ww=27 or Vs =19.1
33.3=27?/2R  or 33.3=19.1%*/R
R=11Q

(do not allow ‘to stop/prevent’ heat loss)

M1
A1

B1

B1
C1
A1

C1
C1
A1l

(2]

(1]

(3]

(3]
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324.9702_w21 MS 42 Q:10

APPENDIX A. ANSWERS

Answer Marks
(a)(i) | toincrease the magnetic flux linkage (between the coils) B1
(a)(ii) | toreduce energy losses B1
by reducing induced currents B1
(b)(i)) | maximum Vour = 12000 x (625/25000) A1
=300V
(b)ii) | rm.s. current =300/ (840 x V2) A1
=0.33A
(b)(iii) | sketch: sinusoidal shape in positive half of the graph, sitting with ‘minima’ resting on the time-axis (at P = 0) B1
each ‘cycle’ shown repeating every 20 ms B1
maximum P shown as 140 W B1
(c) power curve is symmetrical about the midpoint (on the power axis) B1
mean power is half the peak power B1
325.9702_m20_ MS 42 Q: 9
Answer Marks
(@)i |9.0/v2= A1
6.4V
(a)(ii) @=20 Cc1
w=2n/T
T=2n/20
T=031s A1
(b) the r.m.s. voltages are different, so no B1
)N} | P=Vims XIims c1
=120 x0.64 c1
=76.8W
efficiency = (76.8/80) x 100 A1
=0.96 or 96 %
(e)(ii) Any one from: B1
+ heat losses due to resistance of windings / coils
+ heat losses in magnetising and demagnetising core / hysteresis losses in core
+ heat losses due to eddy currents in (iron) core
+ loss of flux linkage
326. 9702 _s20 MS_42 Q: 10
Answer Marks
(a) (induced) electromotive force is proportional to rate M1
of change of (magnetic) flux (linkage) A1
(b)(i) | to change magnitude of potential difference B1
(b)(ii) | magnitude of e.m.f. varies as rate of change of flux changes B1
direction of e.m.f. changes when direction of change of flux reverses/when flux changes from increasing to decreasing B1
flux is continuously increasing and decreasing, so polarity of e.m.f. is continuously switching B1
(b)(iii) | to reduce energy/power losses B1
:::reduce eddy currents
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Answer Marks
(a) (induced) e.m.f. proportional to rate M1
of change of (magnetic) flux (linkage) A1l
(b) current in primary coil gives rise to magnetic flux B1
changing (magnetic) flux in core links with secondary coil B1
induced e.m.f. (in secondary coil) causes current in load/resistor B1
(c) correct application of turns ratio: Cc1
to peak voltage ratio, giving (Vo /220) = (450 /2700)
gr.m.s. voltage ratio, giving (Vrms. / 156) = (450/2700)
correct application of 42 factor: c1
to peak applied e.m.f., giving 220/ V2
::)rpeak output em.f., giving 37/ V2
Vims =26V A1
328.9702_ml17_MS 42 Q: 9
Answer Marks
(@)() increase flux linkage (with secondary coil)/to reduce flux loss B1
(@i e.m.f. (induced only) when flux (in core/coil) is changing B1
constant/direct voltage gives constant flux/field B1
(b)(i) Ns !/ Np=Vs! Ve c1
Ns =(52/150) x 1200 A1
=416 turns
(b)(ii) Oms or 7.5ms or 15.0ms or 22.5ms A1
(c)(i) either
mean power = V?/2R and V = 52 (V) c1
R =52°/(2x1.2) A1
=1100 (1127)Q
or
mean power = V2/R and V= 52/ 2 (=36.8V) (c1)
R =36.8°/1.2 (A1)
=1100Q
(c)ii) sinusoidal shape with troughs at zero power B1
only 3 ‘cycles’ B1
each ‘cycle’ is 2.4 W high and zero power at correct times B1
329.9702_s17_MS_41 Q: 9
Answer Marks
(a)(i) core reduces loss of (magnetic) flux linkage/improves flux linkage B1
(a)(ii) reduces (size of eddy) currents in core B1
(so that) heating of core is reduced B1
(b) alternating voltage gives rise to changing magnetic flux in core M1
(changing) flux links the secondary coil A1
induced e.m f. (in secondary) only when flux is changing/cut B1
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330. 9702 _s17_MS 43 Q:9

Answer Marks
(a)(i) core reduces loss of (magnetic) flux linkage/improves flux linkage B1
(a)(ii) reduces (size of eddy) currents in core B1
(so that) heating of core is reduced B1
(b) alternating voltage gives rise to changing magnetic flux in core M1
(changing) flux links the secondary coil A1
induced e.m.f. (in secondary) only when flux is changing/cut B1
331.9702_wl6_MS_ 42 Q: 11
(a) (induced) e.m.f. proportional/equal to rate M1
of change of (magnetic) flux (linkage) Al [2]
(b) (for same current) iron core gives large(r) (rates of change of) flux (linkage) B1
e.m.f induced in solenoid is greater (for same current) M1
induced e.m.f. opposes applied e.m.f. so current smaller/acts to reduce current Al [3]
or
same supply so same induced e.m.f. balancing it (B1)
(rate of change of) flux linkage is same (M1)
smaller current for same flux when core present (A1)

e.g. (heating due to) eddy currents in core

(heating due to current in) resistance of coils

hysteresis losses/losses due to changing magnetic field in core

Any two of the above marking points, 1 mark each B2 [2]

332.9702_m21_MS_42 Q: 10

Answer Marks
(@ |230v A1
(b) o =100m c1
_E_
w 1007
=0.020s A1l
(e)(i) half-wave (rectification) B1
(e)(ii) | sinusoidal half waves in positive V only or hegative V only, peak at 320V B1
line at zero for second half of cycle B1
two time periods shown, each of 0.020 s B1
(c)(iii) | capacitor added in parallel with resistor B1
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Answer Marks

(@ Vmax = 15V A1

() |210=2n/T c1

T=0.0299s C1

(—#)=0.060s A1

334.9702_s19 MS 43 Q: 10

Answer Marks

(@ | Vux=15Vv A1

(b) 210=2r/T c1

T=0.0299s c1

(t—t)=0.060s A1
335.9702_w19 MS 41 Q: 10

Answer Marks

(a)(i) lower right and upper left diodes circled B1

(a)ii) | maximum =7.0N2 A1

=99V

(b)(i) correct symbol for capacitor, shown connected in parallel with R B1

(b)(ii) | 1. (ripple)decreases B1

2. (ripple) increases B1
336.9702_w19 MS 43 Q: 10

Answer Marks

(a)i) lower right and upper left diodes circled B1

(a)(ii) | maximum=7.02 A1

=99V

(b)i) | correct symbol for capacitor, shown connected in parallel with R B1

(b)(ii) | 1. (ripple) decreases B1

2. (ripple) increases B1

STEMUP.CO.UK
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337.9702_wl7_MS_42 Q: 11

Answer Marks

(a)(i) circles drawn only around the top left and bottom right diodes B1
(a)(ii) | B shown as (+)ve and A shown as (-)ve B1
(b)i) | Vims (=5.6/42)=4.0V Ad
(b)(ii) | 380 = 2xfor f=60.5Hz c1
number (= 2f) = 120 A1

(e)(i) peak values (all) unchanged B1
(all) minima shown at 4.0V B1

three lines from near peak showing concave curves after leaving dotted line B1

not ‘kinked’ and not cutting the peak
reaching candidate’s minimum at the point where the decay meets the next dotted line

three lines drawn along the dotted lines showing rise in voltage from minima back to peak values B1
(c)(ii) | mean p.d. is higher M1

or

r.m.s. p.d. is higher

or

capacitor supplies energy to resistor

so (mean) power increases A1

338.9702_s21 MS_41 Q: 12

| Answer Marks

(a) « frequency determines energy of photon B2
* intensity determines number of photons (per unit time)
* intensity does not determine energy of a photon

Any two points, 1 mark each

kinetic energy (of the electron) depends on the energy of one photon B1
(b)i) |E=hcl/A c1
or

E=hf and c=f4

E = (6.63 x 103* x 3.00 x 10%) /(250 x 10?) c1
(=7.96x1071°)) A1

=50eV
(b)(ii) | Emax = photon energy — work function c1
work function=5.0-1.4 A1l

=3.6eV
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| Answer Marks
(a) * frequency determines energy of photon B2
* intensity determines number of photons (per unit time)
* intensity does not determine energy of a photon
Any two points, 1 mark each
kinetic energy (of the electron) depends on the energy of one photon B1
(b)(i) |E=hclA c1
or
E=hf and c=fA
E =(6.63 x 10 x 3.00 x 10%)/(250 x 10-%) c1
(=7.96x1071°J) A1
=50eV
(b)(ii) | Emax = photon energy — work function c1
work function =5.0-1.4 A1
=3.6eV
340. 9702_w21_MS_42 Q: 9
Answer Marks
(a)(i) emission of electrons (from a metal surface) B1
when electromagnetic radiation is incident (on electrons) B1
a(ii) minimum energy required for an electron to leave surface B1
(b)(i) threshold (frequency) B1
(b)(ii) +« photons are (discrete) packets of energy B2
+ energy of photons depends on frequency (of EM radiation)
+ electrons can only absorb a single photon (of energy)
Any two peints, 1 mark each
emission only possible if photon energy is at least the work function B1
(b)(iii) | work function = hfy =6.63 x 10 x 6.93 x 10" c1
=4.59x 107 () A1
=4.59x1019/1.60 x 10-'? (eV)
=287eV
341.9702_m20_MS_42 Q: 10
Answer Marks
(a) energy of a photon required to remove an electron B1
either. energy to remove electron from a surface B1
or. minimum energy to remove electron
or. energy to remove electron with zero kinetic energy
(b)(i) | Correct read off from graph of fas 5.45 x 10 Hz when Ewax = 0 c1
5.45 x 10" x 6.63 x 103
=3.6x10"J A1
(b)(ii) |3.6x10-19/1.6 x 10-19 =2 3 eV so potassium A1
(c)() each photon has same energy so no change B1
(c)(ii) | more photons (per unit time) so (rate of emission) increases B1

STEMUP.CO.UK
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342.9702_s19_MS_43 Q: 11

APPENDIX A. ANSWERS

Answer Marks
(a) Any three points from: B3
s (max) energy of emitted electrons depends on frequency
+ (max) energy of emitted electrons does not depend on intensity
+ rate of emission of electrons depends on intensity (at constant frequency)
¢ existence of frequency below which no emission of electrons
* instantaneous emission of electrons
* increasing the frequency at constant intensity decreases the rate of emission of electrons
(b)(i) | photon energy = hc/ A c1
=(6.63 x 103* x 3.0 x 108)/(380 x 10°) c1
(=5.23x1071%)
=3.3eV A1
(b)(ii) | photon energy must be greater than work function (energy) B1
so sodium and calcium B1
(c) A=hlp [o4]
p =(6.63 x 10~*)/(380 x 10-9) c1
=1.74x 102 Ns
force =174 x102%7 x 7.6 x 10" A1
=13x10"2N
343.9702_wl19 MS_41 Q: 11
Answer Marks
(a) energy (of photon) required to remove electron M1
from a surface A1
or
reference to minimum energy
or
reference to zero kinetic energy
(b)) | 1. photon energy =hc/2 c1
=(6.63x 1073 x 3.00 x 10%) /(280 x 107%) A1
=71x1019J
2. electron energy=(7.1-5.5)x 1019 J c1
1% x9.11x 103" xv2=(7.1-5.5)x 10-19 Cc1
v=59x105ms-! A1
(b)(ii) | energy is required to bring electron to the surface B1
() |[nochange |[decreases | B4
|incr | decrea |
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Answer Marks
(a) energy (of photon) required to remove electron M1
from a surface A1
or
reference to minimum energy
ferference to zero kinetic energy
(b)i) |1. photonenergy =hc/2A c1
=(6.63x 10 x 3.00 x 10%) /(280 x 10-%) A1
=71x1019)
2. electron energy=(7.1-5.5)x10-"2J C1
Y% x9.11x1031 xv2=(7.1-5.5)x 10-1? c1
v=59x10°ms-! A1
(b)(ii) | energy is required to bring electron to the surface B1
() |[nochange |decreases | B4
lincreases [ decreases |
345. 9702 s18 MS_42 Q: 10
Answer Marks
@) emission of electron B1
when electromagnetic radiation incident (on surface) B1
(b)(i) packet/quantum/discrete amount of energy M1
of electromagnetic radiation A1
(b)) |E =hcld c1
=(6.63 x 10 x 3.00 x 10%)/ (420 x 1079) A1
=47 x107"J
(b)(iii) | sodium: yes B1
zinc: no
346. 9702_ml17_MS_42 Q: 10
Answer Marks
(a) packet/quantum of energy M1
of electromagnetic radiation A1
(b)(i) light is re-emitted in all directions/only part of the re-emitted light is in the direction of the beam B1
(b)(ii) an arrow between —3.40eV and —1.51eV and an arrow between —3.40eV and —0.85eV B1
all arrows shown point ‘upwards’ B1
(b)(ii) | E=hc/AorE=hf andc="fi c1
2.60 x 1.60 x 1079 = (6.63 x 107 x 3.00 x 10%)/ 4 c1
A=48x10"m A1
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347.9702_s17_MS_42 Q: 10

‘ Answer Marks

(a) two from: B2
frequency below which electrons not ejected

maximum energy of electron depends on frequency
maximum energy of electrons does not depend on intensity
instantaneous emission of electrons

(b)) | (4 is the) threshold wavelength B1
or

wavelength corresponding to threshold frequency
or

maximum wavelength for emission of electrons

(b)(ii)1. | intercept=1/4p=2.2 x 10°m™ Al

20=4.5 x 107 m or 450 nm

(b)(ii)2. ‘ gradient = hc c1
‘ gradient = 2.0 x 1072 or correct substitution into gradient formula c1

‘ h=(2.0x10%)/(3.0x10%) =67 x 10 Js A1

(c) ‘ line: same gradient B1

‘ straight line, positive gradient, intercept at greater than 2.2 x 10° when candidate’s line extrapolated B1

348.9702_ml16_MS_42 Q: 11

(a) minimum frequency for electron(s) to be emitted (from surface) M1
reference to frequency of electromagnetic radiation/photon A1l
or

frequency causing emission of electron(s)
from surface with_zero kinetic energy (M1)
reference to frequency of electromagnetic radiation/photon (A1) [2]
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(b)

(i) positive intercept on (1/.1)-axis (when extrapolated)
straight line with positive gradient

(ii) gradient = hc where c is the speed of light

(ifi) maximum kinetic energy when electron emitted from surface
energy is required to bring an electron to the surface

(iv) each photon has more energy
fewer photons per unit time
fewer electrons per unit time/less current

349. 9702_wl6_MS_41 Q: 10

(a)

(b)

(c)

(d)

electromagnetic radiation/photons incident on a surface

causes emission of electrons (from the surface)

E=hcla
= (6.63 x 107 x 3.00 x 108)/(436 x 1079
=4.56 x 1071°J (4.6 x 107°J)

(i) @ =hcli

Ao = (6.63 x 107 % 3.00 x 10°)/(1.4 x 1.60 x 107")
=890nm
(ii) 4 =(8.63 x 107 x 3.00 x 10°)/(4.5 x 1.60 x 107")

=280nm

caesium:

wavelength of photon less than threshold wavelength (or v.v.)
or

Ao =890 nm > 436 nm

so yes

tungsten:

wavelength of photon greater than threshold wavelength (or v.v.)
or

A0 =280 nm < 436 nm

SO no

B1
B1

B1

B1
B1

M1
M1
A1l

B1

B1

C1

A1

C1

A1

A1

Al

A1

(2]
(1]

(2]

(3]

[2]

[2]

[2]

(1]

[2]

947


https://stemup.co.uk

948 APPENDIX A. ANSWERS

350. 9702_w16_MS_43 Q: 10

(a) electromagnetic radiation/photons incident on a surface B1
causes emission of electrons (from the surface) B1 [2]
(b) E=hc/A
=(6.63 x 107 x 3.00 x 10°)/(436 x 107) C1
=4.56 x 107°J (4.6 x 107"°)) Al [2]

(c) (i) @=hcli
Ao = (6.63 x 107°* % 3.00 x 10%)/(1.4 x 1.60 x 107"°) c1
=890 nm A2
(ii) 4o =(6.63 x 107 x 3.00 x 10%)/(4.5 x 1.60 x 107%)

= 280nm Al 1]

(d) caesium:
wavelength of photon less than threshold wavelength (or v.v.)
or
20 =890 nm > 436 nm
SO yes A1l

tungsten:

wavelength of photon greater than threshold wavelength (or v.v.)

or

A0 =280nm < 436 nm

SO ho Al [2]

351.9702_s21 MS_42 Q: 11

| Answer Marks

(a) to produce a 3-dimensional image of structure/body B1

(b) X-rays (are used) B1

scanning in sections B1

scanning from many angles B1

image of each section is 2-dimensional B1

scanning repeated for many sections B1
i(r)'r:ages of many sections combined together
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Answer Marks
(b)ii) [p =h/A c1
=(6.63x 107)/(2.2x 107?) A1
=3.0x10%2Ns
or
p =Elc (C1)
=(0.57 x 105 x 1.60 x 10-'9)/(3.00 x 108) (A1)
=30x10%Ns
(c)(i) | mass (of Sm-157 nucleus) = 157 x 1.66 x 1027 c1
:’nrass (of Sm-157 nucleus) = 0.157 /(6.02 x 10%)
recoil speed = (3.00 x 10722)/ (157 x 1.66 x 10-%") A1
=12x103ms"
(e)ii) | (1.2x) 103 ms-1is much less than (3.0 x) 108 ms-! B1
353. 9702 w21 _MS_41 Q: 10
Answer Marks
(a)(i) | photoelectric effect B1
(a)(ii) | electron diffraction B1
(b)i) [A=hip M1
his the Planck constant A1
(b)(ii) | de Broglie (wavelength) B1
(e)i) | vmv?=eV c1
% x9.11x10¥ x 12 =1.60x 10" x 4800 sov=4.1 x 10" ms™ A1
(e)ii)y | A =h/imv c1
=6.63x 1034/(9.11 x 103" x 4.1 x 107)
=1.8x10"m A1
354. 9702_w21_MS 43 Q: 10
Answer Marks
(a)(i) | photoelectric effect B1
(a)(ii) | electron diffraction B1
(b)) |A=hip M1
h is the Planck constant A1
(b)(ii) | de Broglie (wavelength) B1
(e)i) | vamv?=eV c1
%x9.11 x10%" x 2 =1.60x 10"°x 4800 so v=4.1 x 10" ms™ A1
(eXii) | A =himv c1
=6.63x 1034/(9.11 x 103" x 4.1 x 107)
=1.8x10"m A1
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355. 9702_s19 MS_41 Q: 11
Answer Marks
(a) Any three points from: B3
s (max) energy of emitted electrons depends on frequency
+ (max) energy of emitted electrons does not depend on intensity
+ rate of emission of electrons depends on intensity (at constant frequency)
¢ existence of frequency below which no emission of electrons
¢ instantaneous emission of electrons
* increasing the frequency at constant intensity decreases the rate of emission of electrons
(b)(i) | photon energy = hc/ A c1
=(8.63 x 1073* x 3.0 x 108)/(380 x 109) c1
(=5.23x107"9)
=3.3eV A1
(b)(ii) | photon energy must be greater than work function (energy) B1
so sodium and calcium B1
(c) A=hlp [o4]
p =(6.63 x 10-*)/(380 x 10-%) c1
=1.74x107 Ns
force =1.74x 10727 x 7.6 x 10" A1
=13x10"2N
356. 9702 s19 MS_42 Q: 11
Answer Marks
(a) packet/quantum of energy M1
of electromagnetic radiation A1
(b)i) |E=heli c1
1.18 x 1.60 x 10-13 = (6.63 x 10-34 x 3.00 x 108)/ 1 A1
A=1.05x10"m
(b)(ii) |A=h/p or E=pc Cc1
p =(6.63 x 10-3)/(1.05 x 10-12) B1
:l’= (1.18 x 1.60 x 10-13)/(3.00 = 10%)
leadingto p=6.3x 102 Ns
(c) 6.3x1022=60x1.66x 107 x v c1
v=63x103ms™ A1
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Answer Marks
(a) packet/quantum of energy of electromagnetic/EM radiation B1
(b)) | E=hf c1
11x105x1.60x 10" =663 x 107 x
f=2.7 x 10%(2.65 x 10?°) Hz A1l
(b)ii) |p=hii=hfic Cc1
=(6.63 x 107 x 2.65 x 10%°)/(3.00 x 10%)
or
p =Elc
= (1.1 x 1.60 x 107%)/(3.00 x 10%)
p =59x1072 (587 x 102)Ns A1
(€) [123x166x10™ xv=587x 107 c1
v=29x10°ms™’ A1
358. 9702 w17 _MS 42 Q: 10
Answer Marks
(a) Ag marked and graph line passing through Eyax=0at A= 4 B1
graph line with 1 always < Ay B1
negative gradient with correct concave curvature B1
(b) curve with negative gradient and correct concave curvature M1
not touching either axis A1
359.9702_wl7_MS 43 Q: 11
Answer Marks
(a) packet/quantum of energy of electromagnetic/EM radiation B1
(b)) | E=hf c1
11x105x160x 109 =6.63x 104 xf
f=2.7 x 10%°(2.65 x 10%%) Hz A1l
(b)ii) |p=hii=hfic Cc1
= (6.63 x 107 x 2.65 x 10%°)/(3.00 x 10%)
or
p =Elc
= (1.1 x 1.60 x 107"%)/(3.00 x 10%)
p =59x102 (587 x 10)Ns A1
(€) [123x166x10™ xv=587 %107 c1
v=29x10°ms™ A1
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360. 9702_ w18 MS_42 Q: 11

APPENDIX A. ANSWERS

Answer Marks
(@) discrete amount/quantum/packet of energy M1
of electromagnetic radiation A1
(b) mostly dark/dark background B1
coloured lines B1
(c)i) |6 A1
(e)(iiy | 1. maximum photon energy=13.6 —0.85 C1
(=12.75eV)
maximum kinetic energy = (13.6 - 0.85)- 56 A1
=7.2eV
2. energy = hc/A c1
A=(663x 107 x 3.00 x 10°)/[(13.6 — 0.85) x 1.60 x 107'°] c1
=9.8x10°m A1
361. 9702 s17_MS_41 Q: 11
Answer Marks
(a) electrons (in gas atoms/molecules) interact with photons B1
photon energy causes electron to move to higher energy level/to be excited B1
photon energy = difference in energy of (electron) energy levels B1
when electrons de-excite, photons emitted in all directions (so dark line) B1
(b)(i) photon energy oc 1/ 4 c1
energy = 1.68 eV A1
or
E=hc/A (c1)
E =6.63 x 107 x 3.0 x 10°/ (740 x 107°)
=2.688 x 107
energy = 1.68 eV (A1)
(b)(ii) |34eV—15eV B2
34eV—0.85eV
34eV—0.54eV
all correct and none incorrect 2/2
2 correct and 1 incorrect or only 2 correctly drawn 1/2
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953

‘ Answer Marks
(a) loss of (electric) potential energy = gain in kinetic energy B1
g\r/ =v%m?
or
Ex=p’l2m=qV
‘ p = mv with algebra leading to p = V(2mgqV) B1
(b)(i) ‘ particle/electron has a wavelength (associated with it) B1
dependent on its momentum B1
\?»/Lenlbecause particle is moving
(b)(ii) ‘ p=(2x9.11 x 107 x 1.60 x 107" x 120)"? c1
‘ A =(6.63 x 1074/ (5.91 x 107%) c1
‘ =1.12x10"m Al
(e) ‘ wavelength is similar to separation of atoms M1
‘ so diffraction observed A1
363. 9702_s17_MS_43 Q: 11
Answer Marks
(a) electrons (in gas atoms/molecules) interact with photons B1
photon energy causes electron to move to higher energy level/to be excited B1
photon energy = difference in energy of (electron) energy levels B1
when electrons de-excite, photons emitted in all directions (so dark line) B1
(b)(i) photon energy oc 1/ 4 c1
energy = 1.68 eV A1
or
E=hc/A (c1)
E =6.63 x 107 x 3.0 x 10°/ (740 x 107%)
=2.688 x 107
energy = 1.68 eV (A1)
(b)(ii) |3.4eV—15eV B2

3.4eV — 0.85eV

3.4eV — 0.54eV

all correct and none incorrect 2/2

2 correct and 1 incorrect or only 2 correctly drawn 1/2

STEMUP.CO.UK


https://stemup.co.uk

954 APPENDIX A. ANSWERS

364. 9702_w16_MS_ 42 Q: 12

(a) (i) electron diffraction/electron microscope (allow other sensible suggestions) B1 [1]
(ii) photoelectric effect/Compton scattering (allow other sensible suggestions) B1 [1]

(b) (i) arrow clear from —0.54 eV to -3.40 eV B1 [1]
(ii) E=hc/A or E=hf and c=1fi C1

2=(6.63x 10 x 3.00 x 10%)/[(3.40 —0.54) x 1.60 x 107¥] =4.35x 10" m Al [2]

(c) (i) wavelength associated with a particle M1
that is moving/has momentum/has speed/has velocity Al [2]
(i) A=h/mv
v =(6.63 x 107/ (9.11 x 107" x 4.35 x 107) C1
=1.67 x 10°ms™ Al [2]

365. 9702 520 MS_ 41 Q: 10

| Answer Marks

(a) photon gives energy to electron (in an inner shell) or electron (in an inner shell) absorbs a photon B4
electron moves (from lower) to higher energy level
energy (of photon) is equal to difference in energy levels
electron de-excites giving off photon (of same energy)

photons emitted in all directions

Any four points, 1 mark each

(b) (in light) photons gives energy to electrons in VB B1
or
(in light) electrons in VB absorb photons

electron crosses FB/jumps to CB B1
(positive) holes left/created in VB B1
low intensity: few electrons in CB/most electrons in VB B1

or

high intensity: more photons so more electrons in CB
or

electron-hole pairs are charge carriers

more charge carriers results in lower resistance B1
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| Answer Marks
(a) conduction band and valence band overlap B1
number (density) of charge carriers does not vary B1
increase in temperature gives rise to increased lattice vibrations B1
(lattice) vibrations hinder movement of charge carriers so resistance increases B1
(b) mv=hiA c1
v =(6.63x10734)/[(2.6 x107"") % (9.11 x 10731)] c1
(=2.80x10"ms™)
qV = vamv? c1
V =19.11x 103" x (2.80 x 107)?]/[2 x 1.60 x 10719] A1
=22x10%V
367.9702_s20 MS_43 Q: 10
| Answer Marks
(a) * photon gives energy to electron (in an inner shell) or electron (in an inner shell) absorbs a photon B4
+ electron moves (from lower) to higher energy level
* energy (of photon) is equal to difference in energy levels
* electron de-excites giving off photon (of same energy)
* photons emitted in all directions
Any four points, 1 mark each
(b) (in light) photons gives energy to electrons in VB B1
Ei,r: light) electrons in VB absorb photons
electron crosses FB/jumps to CB B1
(positive) holes left/created in VB B1
low intensity: few electrons in CB/most electrons in VB B1
Eirgh intensity: more photons so more electrons in CB
:Irectron-hole pairs are charge carriers
more charge carriers results in lower resistance B1
368.9702_ml19 MS 42 Q: 11
Answer Marks
(a) quantum/ packet/ discrete amount of energy M1
of electromagnetic radiation A1
(b) E =hc/A c1
=(6.63 x 103 x 3.0 x 108) /(540 x 10-9) c1
=(3.68 x 10-19)/ (1.6 x 10-19) A1
=23eV
(c) Any 4 from: B4
photon absorbed by electron in valence band (]
photon energy > energy of forbidden band 1)
electron promoted to conduction band (O]
hole left in valence band (]
more charge carriers so lower resistance 1)
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369. 9702 w19 MS 42 Q: 10

APPENDIX A. ANSWERS

Answer Marks
(a) (as temperature rises) electrons in valence band gain energy B1
electrons jump to conduction band B1
holes are left in the valence band B1
increased number (density) of charge carriers causes lower resistance B1
(b)(i) V=V c1
1.50/1.20=Rr/1.76 c1
Rr=2.2 (k) c1
temperature =14 °C A1
(b)(ii) | (For LED to conduct,) Vour must be negative B1
v v B1
R must be lower so temperature must be above (b)(i) value B1
370. 9702_m18 MS_42 Q: 11
Answer Marks
(a) no forbidden band / valence and conduction bands overlap B1
no change in number of charge carriers (as temperature rises) B1
increased lattice vibrations so resistance increases B1
(b) photons captured / absorbed by electrons in valence band B1
electrons promoted to conduction band B1
leaving holes in the valence band B1
more holes and/ or electrons so resistance decreases B1
371.9702_s18_MS_41 Q: 11
Answer Marks
(a)(i) | packet/quantum/discrete amount of energy M1
of electromagnetic radiation A1
(a)(ii) | (maximum) energy of emitted electrons is independent of intensity B1
:; emission of electrons below the threshold frequency regardless of intensity

:; emission of electrons when photon energy is less than work function (energy) regardless of intensity
(b) in darkness: conduction band empty so high resistance B1
in daylight: electrons in valence band absorb photons B1
in daylight: electrons ‘jump’ to conduction band B1
this leaves holes in valence band B1
more charge carriers in daylight so resistance decreases B1



https://stemup.co.uk

957

372.9702_s18 MS_43 Q: 11
Answer Marks
(a)(i) | packet/quantum/discrete amount of energy M1
of electromagnetic radiation A1
(a)(ii) | (maximum) energy of emitted electrons is independent of intensity B1
or
no emission of electrons below the threshold frequency regardless of intensity
or
no emission of electrons when photon energy is less than work function (energy) regardless of intensity
(b) in darkness: conduction band empty so high resistance B1
in daylight: electrons in valence band absorb photons B1
in daylight: electrons ‘jump’ to conduction band B1
this leaves holes in valence band B1
more charge carriers in daylight so resistance decreases B1
373.9702_wl18 MS_ 41 Q: 10
Answer Marks
Any five points from: B5
e as temperature rises electrons gain energy
e electrons enter conduction band
+ (positively charged) holes left in valence band
+ more charge carriers (so resistance decreases)
« (as temperature rises,) lattice vibrations increase
« effect of increase in number of electrons or holes or charge carriers outweighs effect of increased lattice vibrations (so
resistance decreases)
374.9702_wl18 MS 43 Q: 10
Answer Marks
Any five points from: B5
e as temperature rises electrons gain energy
e electrons enter conduction band
+ (positively charged) holes left in valence band
+ more charge carriers (so resistance decreases)
e (as temperature rises,) lattice vibrations increase
« effect of increase in number of electrons or holes or charge carriers outweighs effect of increased lattice vibrations (so
resistance decreases)
375.9702_ml17_MS 42 Q: 11
Answer Marks
any five from: B5

electrons need energy to enter conduction band (from valence band)

(positively-charged) holes are left in valence band

moving charge carriers/holes/electrons are current

(increase of temperature leads to) more (positive and negative) charge carriers/ more holes/more electrons so
more current

more charge carriers/holes/electrons gives rise to less resistance

(increase of temperature causes) greater (amplitude of) vibrations of atoms/ions/lattice

+ effect of more charge carriers/holes/electrons is greater than effect of greater vibrations (and so resistance
decreases)
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376. 9702_w16_MS_41 Q: 11

in metal, conduction band overlaps valence band/no forbidden band/no band gap B1
as temperature rises, no increase in number of free electrons/charge carriers B1
as temperature rises, lattice vibrations increase M1
(lattice) vibrations restrict movement of electrons/charge carriers M1
(current decreases) so resistance increases A1 [5]

377. 9702 w16 MS_43 Q: 11

in metal, conduction band overlaps valence band/no forbidden band/no band gap B1
as temperature rises, no increase in number of free electrons/charge carriers B1
as temperature rises, lattice vibrations increase M1
(lattice) vibrations restrict movement of electrons/charge carriers M1
(current decreases) so resistance increases A1 [9]

378.9702_m21_MS 42 Q: 11

Answer Marks
(a)(i) | electrons decelerate (on hitting target) so X-ray photons produced B1
range of decelerations B1
pheton energy depends on (magnitude of) deceleration B1
(a)ii) eV = E c1
A
_ 6.63x10™ x3.0x10° c1
T 16x1079x15000
=8.3x10"m A1
or (C1)
E = hfand c = f4 and electron energy = eV
or
E = hc/ A and electron energy = eV
electron energy = 1.6 x 10-'? x 15000
=24x10"
176.63x10’34x3.0x10“ (C1)
24x107®
1=83x10"m (A1)
(b)(i) |p=-gradientorin (I/l)= —ux c1
(e.g.2.08/10.0)=0.21 cm™ A1
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Answer Marks
®Xii) | In(0.05) =—ux c1
4. n0.05 A1
—u
eg.x=14cm
379.9702_s21_MS_41 Q: 11
Answer Marks
(a) intensity: vary filament current/p.d. across filament B1
hardness: vary accelerating potential difference B1
(b)) | I=TIe™ c1
Is = Iy exp(—0.92 x 9.0) A1
=25x104 1
(b)(ii) | Ic = [exp(—0.92 x 6.0) x exp(—2.9 x 3.0)] Iy c1
=6.7x107 I A1
(c) conclusion consistent with values in (b)(i) and (b)(ii) B1
e.g. Is » Ic so good contrast
380. 9702_s21_MS 43 Q: 11
Answer Marks
(a) intensity: vary filament current/p.d. across filament B1
hardness: vary accelerating potential difference B1
(b)(i) | I=Ipe c1
Is = Ip exp(—0.92 x 9.0) A1
=25x104 1
(b)(ii) | Ic =[exp(—0.92 x 6.0) x exp(—2.9 x 3.0)] I c1
=6.7x107 I A1
(c) conclusion consistent with values in (b)(i) and (b)(ii) B1
e.g. I's » Ic so good contrast
381. 9702 w21 MS_41 Q: 11
Answer Marks
(a)(i) | ease with which edges can be distinguished B1
(a)(ii) | difference in degrees of blackening B1
() | I=1Ioexp (—ux) c1
0.12 =exp (—ux 2.3) c1
In0.12=-23xu
#=0.92cm™ A1
(c) advantage: produces 3-dimensional image B1
disadvantage: (much) greater exposure to radiation B1
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382.9702_w21_MS_43 Q: 11

Answer Marks

(a)(i) | ease with which edges can be distinguished B1

(a)(ii) | difference in degrees of blackening B1

(b) | I=1Ioexp (-ux) c1

012 =exp (—ux 2.3) c1

INn0.12=-23xu

#4=0.92cm! A1

(c) advantage: produces 3-dimensional image B1

disadvantage: (much) greater exposure to radiation B1

383.9702_m20 MS_42 Q: 11

Answer Marks

(a) eV =hf c1
f=1.60x10""x 100000/6.63 x 10-3*

=2.41x10"Hz A1

(b) (aluminium filter) absorbs (most) low energy X-rays B1

Any 2 from B2

+ X-ray beam contains many wavelengths
+ solow energy X-rays are not absorbed in the body
+ low energy X-rays can can cause harm but do not contribute to the image

©)i) |I/L,=e* c1

e023x080 =083

17% absorbed A1

(c)(ii) | bone is seen as lighter / muscle is seen as darker B1
either bone has a higher p value so absorbs more B1
or muscle has a lower J value so transmits more

384.9702_m19_MS_42 Q: 9

Answer Marks
X-rays (are used) B1
(object is) scanned in sections / slices B1
either: scans taken at many angles / directions B1
or images of each section / slice are 2-dimensional
scans of many sections/ slices are combined B1
(to give) 3-dimensional image (of whole structure) B1

STEMUP.CO.UK


https://stemup.co.uk

961

385. 9702 w19 MS 42 Q: 7

Answer | Marks
X-rays are used B1
section (of object) is scanned B1
scans/images taken at many angles/directions B1
;:r:ages of each section are 2-dimensional
images of (many) sections are combined B1
(to give) 3-dimensional image of (whole) structure B1
386. 9702_ml18 MS 42 Q: 12
Answer Marks
(a) Any 2 from: B2
scattering of X-ray beam/no lead grid
lack of collimation of beam / aperture large
anode area large
beam p.d. low/photon energy low / X-ray soft
(b)) |0.81=(e"x"?)j(e"*x¥) c1
x=1.8mm A1
Answer Marks
(b)(ii) | ratio/dB = 10 Ig(0.81) c1
=(-)0.92 dB A1
387.9702_s18 MS_41 Q: 12
Answer Marks

(@)i) |I=Ie™ c1
=Iyexp(—0.90 x2.8) A1
=0.0801,

(@)ii) | I=Iyexp[(~0.90 x 1.5) x (-3.0 x 1.3)] c1
=1, (0.259 x 0.20) A1
=0.00521

(b)i) | difference in degrees of blackening M1

between structures A1

(b)(ii) | large difference in intensities so good contrast B1
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388. 9702_s18_MS_42 Q: 11

APPENDIX A. ANSWERS

Answer Marks

(a) X-ray image(s) taken of one slice M1
(many images) taken from different angles A1
(computer) produces 2D image of slice B1

(this is) repeated for (many) slices M1

to build up a 3D image (of structure) A1

(b)(i) | combining of images involves (very) large number of calculations B1

(b)(if) | CT scan consists of (very) many (single X-ray) images B1

389. 9702 s18 MS_43 Q: 12
Answer Marks

@)y |I=Ie™ c1
=Iyexp(—0.90 x2.8) A1
=0.0801,

(a)(ii) | I'=I,exp[(~0.90 x 1.5) x (3.0 x 1.3)] c1
=1, (0.259 x 0.20) A1l
=0.00521

(b)(i) | difference in degrees of blackening M1

between structures A1

(b)(ii) | large difference in intensities so good contrast B1

390. 9702_wl18 MS 42 Q: 10
Answer Marks
(a) Vo= V2 x Vims = V2 x 9.9 (= 14V) c1
and
@= 2nf= 271 x 50 (= 314rads™)
V =14 sin 314¢ A1
(b) enables (resonating) nuclei to be located B1
resonant frequency depends on magnetic field strength B1
Any one from: B1
+ non-uniform field is (accurately) calibrated
* (non-uniform) field may be varied to enable detection in different positions
e unique (magnetic) field strength/frequency at each point
(c) I = Ipexp(—ux) c1
1= In [eXp(—#X)bone % €XP(—£H)solt isue] c1
I=1I, [exp(—2.9 x 0.40) x exp(—0.92 x 1.4)]
111, =0.0865 c1
ratio/dB = 10 Ig 0.0865 A1
=-11dB
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963

Answer Marks
(a)(i) penetration of beam M1
greater hardness means greater penetration/shorter wavelength/higher frequency/higher photon energy A1
(a)(ii) | greater accelerating potential difference B1
:rreater p.d. between anode and cathode
(b) I = Iy exp(—ux) c1
ratio = (exp {—1.5 x 2.9})/ (exp {—4.0 x 0.95}) (= exp {-0.55})
=0.58 A1
392. 9702 _s17_MS_43 Q: 10
Answer Marks
(a)(i) penetration of beam M1
greater hardness means greater penetration/shorter wavelength/higher frequency/higher photon energy A1
(a)(ii) | greater accelerating potential difference B1
:rreater p.d. between anode and cathode
(b) I = Iy exp(—ux) c1
ratio = (exp {—1.5 x 2.9})/ (exp {—4.0 x 0.95}) (= exp {-0.55})
=0.58 A1
393.9702_wl17_MS 41 Q: 9
Answer Marks
(@) image of one slice/section (B1)
images (of one slice) taken from different angles (M1)
to give 2D image (of one slice) (A1)
(repeated for) many slices (M1)
to build up 3D image (of whole body/structure) (A1)
Max. 4 marks total 4
(b) evidence of subtraction of background (—26) c1
evidence of division by three Cc1
11 Al
2
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394. 9702_wl17_MS 43 Q: 9

Answer Marks
(a) image of one slice/section (B1)
images (of one slice) taken from different angles (M1)
to give 2D image (of one slice) (A1)
(repeated for) many slices (M1)
to build up 3D image (of whole body/structure) (A1)
Max. 4 marks total 4
(b) evidence of subtraction of background (—26) Cc1
evidence of division by three Cc1
7 11 Al
6 2
395. 9702 ml6 MS 42 Q: 12
(a) (i) the penetration of the beam B1 [1]
(ii) either decrease the accelerating voltage
or decrease voltage between cathode and anode B1 [1]

(b) advantage: image gives depth/image is 3D/final image can be

viewed from any angle B1
disadvantage: greater exposure /more risk to health/ more expensive/
person must remain stationary B1 [2]

396. 9702_wl6_MS 42 Q: 13

X-ray image of a (single) slice/cross-section (through the patient) M1
taken from different angles/rotating X-ray (beam) A1l
computer is used to form/process/build up/store image B1
2D image (of the slice) B1
repeated for many/different (neighbouring) slices M1

to build up 3D image A1 [6]
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397. 9702_s20_MS_41 Q: 11

965

Answer Marks
(a)i) | E =mc? c1
=9.11 x 1031 x (3.0 x 108)2 A1
=8.2x10"J
(a)ii) |p=h/A and E=hc/A c1
or
E=pc
p =(82x107'%)/(3.0x 10%) A1
=27x102Ns
(b) total momentum (before and after interaction) is zero B1
?nromentum must be conserved (in the interaction)
?nromentum of the photons must be equal and opposite
(photons emitted in) opposite directions B1
398. 9702 20 MS_42 Q: 12
Answer Marks
(a) difference between mass of nucleus and mass of (constituent) nucleons M1
where nucleons are separated to infinity A1
(b)i) | E =mec? c1
=1.66 x 1027 x (3.00 x 108)2/(1.60 x 10-'3) = 934 MeV A1
(b)(ii) | mass defect = 2 x (1.007276 + 1.008665) — 4.001506 B1
(=0.030376)
binding energy per nucleon = (0.030376 x 934)/4 = 7.09 MeV A1l
(c) binding energy per nucleon is much greater M1
so would require a large amount of energy to separate the nucleons in helium A1
or
amount of energy released in forming hydrogen isotopes (M1)
is less than energy required to break apart helium nucleus (A1)
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399. 9702_s20 MS_43 Q: 11

APPENDIX A. ANSWERS

| Answer Marks
(a)i) | E =mc? c1
=9.11 x 1031 x (3.0 x 108)2 A1
=8.2x10"J
(a)ii) |p=h/A and E=hc/A c1
or
E=pc
p =(8.2x107")/(3.0x 10%) A1
=27x102Ns
(b) total momentum (before and after interaction) is zero B1
?nromentum must be conserved (in the interaction)
?nromentum of the photons must be equal and opposite
(photons emitted in) opposite directions B1
400. 9702_m19 MS 42 Q: 12
Answer Marks
(@)i) | fission B1
(@)(ii) | either e or°.4p M1
7 A1
(b)(i) |energy =¢?Am c1
=0.223 x 1.66 x 10?7 x (3.00 x 108)?
=3.33x10"J A1l
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Answer Marks
(b)(ii) | Any 2 from: B2
kinetic energy of products
gamma photons
neutrinos
401. 9702_ w19 _MS 41 Q:12
Answer Marks
(a) E=(3.0x10%)2x1.66 x 102 (= 1.49x 10-10 J) M1
=(1.49x10710)/(1.60 x 10-19) = 9.34 x 108 =934 MeV A1
or
binding energy =8.443 x 95 [or equivalent using La-139 nucleus] (M1)
binding energy / mass defect = (8.443 x 95)/0.859 = 934 MeV (A1)
(b)(i) | binding energy =1.865 x 934 (= 1741.91 MeV) c1
binding energy per nucleon =1741.91/235 A1
=7.41 (MeV)
(b)(ii) | less (than) B1
(c) energy = {(1.219 + 0.859) — 1.865)} x 934 c1
:r:ergy =(95x8.443) + (139 x8.189)— (235 x 7.412)
=199 MeV A1
(d) number of reactions =1.2 x 107 x6.02 x 1023 c1
=7.22x10"
energy release (for one reaction) =199x 1.60x 10" (=3.18 x 10" J) c1
power =(7.22x10"x3.18x 107}/ (25x 1073) A1
=9.2x10"W
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402. 9702_w19_MS_43 Q: 12

Answer Marks
(a) E=(3.0x108)?2 x 1.66 x 10-2" (= 1.49 % 1010 J) M1
=(1.49%x107"0)/(1.60 x 10-1%) = 9.34 x 108 =934 MeV A1
or
binding energy =8.443 x 95 [or equivalent using La-139 nucleus] (M1)
binding energy / mass defect =(8.443 x 95)/0.859 = 934 MeV (A1)
(b)) | binding energy = 1.865 x 934 (= 1741.91 MeV) c1
binding energy per nucleon =1741.91/235 A1
=7.41 (MeV)

(b)(ii) | less (than) B1
(c) energy = {(1.219 + 0.859) - 1.865)} x 934 c1

erlergy =(95x8.443) + (139 x 8.189) — (235 x 7.412)
=199 MeV A1
(d) number of reactions =1.2 x 107 x6.02 x 1023 c1

=7.22x 10
energy release (for one reaction) =199x1.60x10"3 (=3.18x 107" J) c1
power =(7.22x10"x3.18 x 10-)/(25x1073) A1
=9.2x10"W
403. 9702_m18 MS 42 Q: 3

Answer Marks
(@) reasonably shaped circle or oval surrounding the origin B1
closed loop passing through (0,%vg) and (£xp,0) B1
(b) line from (0,0) to (90, Fy) B1
curve with decreasing positive gradient, zero gradient at 6 = 90 B1
(c) reasonable sinusoidal wave, one cycle, period 4.0 ms B1
amplitude at 4.0V B1
(d) U near right-hand end of line with Ba between U and peak of graph B1
Ba on right hand side of peak and Kr between Ba and peak of graph B1
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969

Answer Marks
(a) discrete amount/quantum/packet of energy M1
of electromagnetic radiation A1
(b)(i) | energy=hc/A Cc1
4 =(6.63 x 10 x 3.00 x 10%/(0.51 x 10° x 1.60 x 107"°) A1
=24x10"m
(b)ii) |p=hii c1
=(6.63 x 107)/(2.44 x 1073
or
p =Elec
=(0.51 x 1.60 x 107™)/(3.00 x 10%)
p =27x10%Ns A1
©N0) |E=cam c1
Am = (0.51 x 1.60 x 107")/(3.00 x 10%? A1
=91x10 kg
(c)(ii) | (momentum is conserved so) nucleus must have momentum in opposite direction to photon B1
405. 9702_w18 MS_42 Q: 12
Answer Marks
(@) fusion: two nuclei combine to form a (single) nucleus B1
fission: a (single) large nucleus divides to form (smaller) nuclei B1
Any one from: B1
« fusion is initiated by (very) high temperatures
+ fission is initiated by neutron bombardment
* resulting nuclei in fission are of similar size
e (both processes) release energy
+ binding energy per nucleon increases
* total binding energy increases
+ fission involves release of neutrons
12(b)(i) neutron B1
12(b)ii) |1. =zero A1
2. (4x11.3290 x 107"%) - (2 x 1.7813 x 107%) - (3 x 4.5285 x 107") c1
energy change =45.316 x 107 - 17.148 x 1073 A1
=2.82x107""J
(b)(iii) | 1.0mol or N nuclei of each A1
energy = 2.817 x 1072 x 6.02 x 102
=17 x 10"y
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406. 9702_ w18 MS_43 Q: 11

Answer Marks
(a) discrete amount/quantum/packet of energy M1
of electromagnetic radiation A1
(b)(i) | energy=hc/A Cc1
4 =(6.63 x 10 x 3.00 x 10%/(0.51 x 10° x 1.60 x 107"°) A1
=24x10"m
(b)(ii) |p=hiz c1
=(6.63 x 107)/(2.44 x 10713
or
p =Elec
=(0.51 x 1.60 x 107)/(3.00 x 10%)
p =27x10%Ns A1
(©)i) |E=c’am c1
Am = (0.51 x 1.60 x 107")/(3.00 x 10%? A1
=91x10kg
(c)(ii) | (momentum is conserved so) nucleus must have momentum in opposite direction to photon B1
407. 9702_m17_MS_42 Q: 12
Answer Marks
(a) either
(minimum) energy required/work done to separate the nucleons (in a nucleus) M1
to infinity A1
or
energy released when nucleons come together (to form a nucleus) (M1)
from infinity (A1)
(b)(i) (total) binding energy of thorium and helium (nuclei) greater than binding energy of uranium (nucleus) B1
(b)(ii)1 | change in mass = 238.05076 — (234.04357 + 4.00260) A1
=459x107u
(b)(i)2 | either
E =mc? c1
=459 x 107 x 1.66 x 10 x (3.00 x 10%7
=6.9x 10" A1
or
1u =931 MeV (c1)
E =459x107%x931x10%x 1.6 x 107"
=6.8x 107" (A1)
(b)(iii) Th nucleus/He nucleus/product nucleus has kinetic energy M1
energy of gamma photon must be less than energy released A1
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408. 9702_s17_MS_41 Q: 12

Answer Marks
(a) x=7 A1
oY) | E =mc c1
=166 x 1077 x (3.0 x 10° c1
=1.494 x 107"%y
division by 1.6 x 107" clear to give 934 MeV A1
(b)ii) | Am =(235.123 + 1.00863) — (94.945 + 138.955 + 2 x 1.00863 + 7 x 549 x 107*) c1

or
Am =235123—(94.945 + 138.955 + 1 x 1.00863 + 7 x 5.49 x 107)

=0.21053u c1
energy = 0.21053 x 934 Al
=197 MeV
(c) kinetic energy of nuclei/particles/products/fragments B1
y—ray photon energy B1

409. 9702_s17_MS_42 Q: 12

‘ Answer Marks
@ ‘ 7% A1
(b)) ‘ E = mc? c1
‘ =1.66 x 1077 x (3.00 x 10°%)? M1
=1.494 x 10774 A1
division by 1.60 x 107" clear to give 934 MeV
(b)(ii) | Am =(82 x 1.00863u) + (57 x 1.00728u) — 138.955u c1
= (=) 1.16762 (u)
‘ energy = 1.16762 x 934 c1
energy per nucleon = (1.16762 x 934)/139 A1
=7.85 MeV
(c) ‘ above A = 56, binding energy per nucleon decreases as A increases B1
‘ U-235 has larger nucleon number M1
‘ so less (binding energy per nucleon) Al
‘ or
‘ fission takes place with uranium (B1)
‘ fission reaction releases energy (M1)
‘ binding energy per nucleon less (for uranium than for products) (A1)
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410. 9702_s17_MS_43 Q: 12

Answer Marks
(a) x=7 A1
oY) | E =mc c1
=166 x 1077 x (3.0 x 10° c1
=1.494 x 107"%y
division by 1.6 x 107" clear to give 934 MeV A1
(b)ii) | Am =(235.123 + 1.00863) — (94.945 + 138.955 + 2 x 1.00863 + 7 x 549 x 107*) c1

or
Am =235123—(94.945 + 138.955 + 1 x 1.00863 + 7 x 5.49 x 107)

=0.21053u c1
energy =0.21053 x 934 Al
=197 MeV
(c) kinetic energy of nuclei/particles/products/fragments B1
y—ray photon energy B1

411.9702_ml16_MS_42 Q: 9

(a) direction of force due to electric field opposite to force due

to magnetic field B1
electric field is up the page B1 [2]
(b) force due to electric field = force due to magnetic field or Eq = Bqv B1
E =Bv C1
=9.7x102x1.6x10°
=1.6 (1.55) x 10*Vm™ A1 [3]
(c) g/m =v/Br C1
=1.6 x 10°/(9.7 x102 x 4.0 x 107?) C1
=4.1(4.12) x 10"Ckg™ A1 [3]
(d) (i) m=(3x1.60x107"%)/(4.12 x 107) C1
m =116 x 10%/1.66 x 1077
=7(.0)u (allow 7.1u) A1 [2]

(ii) 3 protons, 4 neutrons A1 [1]
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412.9702_w16_MS_42 Q: 14

(a) (i) 2He or ju
(i) on

(b) (i) Am =(29.97830 +1.00867) — (26.98153 + 4.00260)
= 30.98697 — 30.98413
=284 x107u
(i) E = cAm or mc?
= (3.0 x 10°)? x 2.84 x 107 x 1.66 x 107
=42x10"J
(c) mass of products is greater than mass of Al plus o
or

reaction causes (net) increase in (rest) mass (of the system)

a-particle must have at least this amount of kinetic energy

413.9702_m21_MS_42 Q: 12

B1

B1

C1

C1

C1

A1

B1

B1

(1]

(1]

[2]

[2]

[2]

973

Answer Marks
(a) 1 not affected by external factors B1
2 cannot predict when a (particular) nucleus will decay B1
or cannot predict which nucleus will decay (next)
(b)(i) 1.0x10° 1.0x107%x6.02x 107 c1
Number of atoms = 5 Or 3
90x1.66x10~ 90x10~
=6.693x10"
A=AN c1
_ 52x10°
6.693x10"
A=78x107" s Al
(b)(ii) | daughter nucleus is unstable B1
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414. 9702 _s21 MS 41 Q: 6

Answer Marks

(a) fromx=0tox=r:E=0 B1
from x = rto x = 3r: curve with negative gradient of decreasing magnitude passing through (r, Eo) B1

line passing through (2r, Ey/4) and (3r, Eo/9) B1

(b) from p = po/ 2 to p = po: curve with negative gradient of decreasing magnitude passing through (pg, Ao) B1
line passing through (¥2pg, 214) B1

(c) from =0 to { = 45 s: curve with positive gradient of decreasing magnitude starting at (0, 0) B1
line passing through (15, “2/Np) B1

line passing through (30, 0.75Ng) and (45, 0.88Np) B1

415. 9702_s21_MS_42 Q: 5

Answer Marks

(a) from x = 0 to x = r- horizontal line at V=1.0V B1
from x = rto x = 3r: curve with negative gradient of decreasing magnitude starting at (r, 1.0V0) B1

line passing through (2r, %2Vg) and (3r, ¥5Vo) B1

(b) line with negative gradient from 1 =1:l;to A= Ay B1
line passing through (Ao, 0) B1

curve with negative gradient of decreasing magnitude passing through (Y24, Emax) and (YaAo, 2Emax) B1

(c) 1.0Tw shown at %Ny and 2.0 Ty shown at YaNg B1
line starting at (0, 0) and reaching (T, No—N) B1

line starting at (0, 0) and reaching original curve at (1.0Tv, ¥2No) B1

416. 9702 _s21_MS 43 Q: 6

Answer Marks

(a) fromx=0tox=r.E=0 B1
from x = rto x = 3r: curve with negative gradient of decreasing magnitude passing through (r, Eo) B1

line passing through (2r, Eo/4) and (3r, Eq/9) B1

(b) from p = po/ 2 to p = po: curve with negative gradient of decreasing magnitude passing through (pg, Ao) B1
line passing through (Y2pg, 210) B1

(c) from =0 to { = 45 s: curve with positive gradient of decreasing magnitude starting at (0, 0) B1
line passing through (15, ¥2No) B1

line passing through (30, 0.75Ng) and (45, 0.88Np) B1
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417.9702_w21_MS_41 Q: 12

975

Answer Marks
(a) probability of decay (of a nucleus) M1
per unit time A1
(b) A=IN c1
N = mass/ (nucleon number x u) Cc1
2.92 x 10% = (4% 5.87 x 10-19) /(131 x 1.66 x 10-27) A1
A =108x10¢s"
(c) * sample emits radiation in all directions B2
+ some radiation is absorbed by air/detector window
+ self-absorption within the source
+ dead time/inefficiency of detector
Any two points, 1 mark each
418. 9702_w21_MS_42 Q: 12
Answer Marks
(a)(i) | cannot predict when a particular nucleus will decay B1
::mnot predict which nucleus will decay next
(a)(ii) | (decay is) not affected by external (environmental) factors B1
(b)(i) |A=Asexp(-Af)andsoln A =In Ay — At c1
gradient of line = (-)4
A =(36.4-35.0)/(20-0) c1
(=0.07(0) min-T)
half-life =In2/4 A1
=In2/0.070
=10 min
or
Ao = exp (—-36.4) = 6.43 x 10" (Bq) (C1)
Ap/2=3.21x10" (Bq), soln (As/2)=35.7 (c1)
read off half-life = 10 min (A1)
or
(at one half-life,) InA =36.4—-1In2 (C1)
=357 (C1)
read off half-life = 10 min (A1)
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Answer Marks
(b)ii) |A=AN c1
N = mass/ (nucleon number X u) Cc1
Er= (mass / nucleon number) x Na
exp(36.4) = (1.17 x 1073 x 5.66 x 10~")/ (nucleon number x 1.66 x 10-27) A1
:;p(36.4) =(1.17 x 1072 x 5.66 x 10~ x 6.02 x 10%%) / nucleon number
nucleon number = 62
419. 9702 w21 _MS 43 Q: 12
Answer Marks
(a) probability of decay (of a nucleus) M1
per unit time A1
(b) A= AN c1
N = mass/ (nucleon number x u) c1
2.92x10% = (A% 5.87 x 10-19) /(131 x 1.66 x 10-%7) A1
A =108x10¢s"!
(c) + sample emits radiation in all directions B2
+ some radiation is absorbed by air/detector window
* self-absorption within the source
* dead time/inefficiency of detector
Any two points, 1 mark each
420. 9702_m20_ MS 42 Q: 12
Answer Marks
(a) (minimum) energy required to separate the nucleons M1
to infinity A1
(b)) |37 B1
2
(b)(ii) | fission B1
(b)(iii) | binding energy per nucleon smaller for U than for Cs B1
(c) Current ratio 2 Y to 1 Zr, so initially 3 Y Cc1
2=3eM
A=0693/2.7
IN@2/3)=-(n2/27)t c1
t=1.6 days A1
or
(=273 (c1)
n=0585 (c1)
time =0.585x2.7 (A1)
=1.6 days
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421.9702_s20 MS_41 Q: 12

977

| Answer Marks
(a)(i) | time at which a nucleus will decay cannot be predicted B1

::’t:nstant probability of decay of a nucleus
(a)(ii) | decay (of a nucleus) not affected by environmental factors B1
(b) | A=A and A=In2/t, c1
=36x10°xexp[-(2xIn2)/1.4] c1

or
A =Apx 0.5V (C1)
=36x105x 05N where N=2/14 (€1)
A =13x10°Bq A1
(c)(i) | smooth curve, starting at (0, 3.6 x 10°) and passing through (1.4, 1.8 x 10%) and (2.0, 1.3 x 10°) B1
(c)ii) | (activity of sample is greater than activity of X so) there must be an additional source of activity c1
the decay product (of isotope X) is radioactive A1
422. 9702 20 MS 43 Q: 12

| Answer Marks
(a)(i) | time at which a nucleus will decay cannot be predicted B1

gt:nstant probability of decay of a nucleus
(a)(ii) | decay (of a nucleus) not affected by environmental factors B1
(b) |A =A™ and A=In2/ty c1
=36x10°xexp[-(2xIn2)/14] c1

or
A =Apx 0.5V (€1
=3.6x10°x0.5Nwhere N=2/14 (c1)
A =13x10°Bq A1
12(c)(i) | smooth curve, starting at (0, 3.6 x 10°) and passing through (1.4, 1.8 x 10°) and (2.0, 1.3 x 10°) B1
(c)ii) | (activity of sample is greater than activity of X so) there must be an additional source of activity c1
the decay product (of isotope X) is radioactive A1
423. 9702 _s19_MS_41 Q: 12
Answer Marks
(a)(i) AN/AT B1
(a)ii) | AN/N B1
(a)iii) | AN/ (N AT) B1
(b)) |1. mass change =5.60 x 103u A1
2. energy =(A)mc? c1
=56 x 1073 x 1.66 x 1027 x (3.0 x 108)* c1
(=8.36 x 10-13))

=0.84pJ A1
(b)(ii) | kinetic energy (of recoil) of lead (nucleus) B1
energy of y-ray photon B1
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424.9702_s19 MS_42 Q: 12

Answer Marks
(a) energy required to separate the nucleons (in a nucleus) M1
to infinity A1

or
energy released when nucleons come together (to form nucleus) (M1)
from infinity (A1)
(b) mass defect =140.911 — (57 x 1.007) — (84 x 1.009) c1
=140.911 — 142.155 c1

=(-)1.244 (u)
energy =cA)m c1
=(3.00 x 108)2 x 1.244 x 1.66 x 1027 A1
=1.9x10""%J

(e)i) | A=Age™ and In2= ity c1
0.40 = exp(—In 2 x £/3.9) Cc1

or
(0.5)"=0.40 (C1)
n=132 and t=1.32x3.9 (C1)
t=5.2 hours A1l
(e)(ii) | daughter product may be radioactive or random nature of decay B1

425.9702_s19_MS_43 Q: 12
Answer Marks
@) | AN/AT B1
(a)ii) | AN/N B1
(@)(iii) | AN/ (N AT) B1
(b)) | 1. mass change =5.60 x 103u A1
2. energy =(A)mc® c1
=56x 1073 x 1.66 x 1027 x (3.0 x 10%)? c1
(=8.36 x 10-13))

=0.84pJ A1
(b)(ii) | kinetic energy (of recoil) of lead (nucleus) B1
energy of y-ray photon B1
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426.9702_w19 MS_42 Q: 12

979

Answer Marks
(a)(i) | (decay is) unpredictable/cannot be predicted B1
(a)(ii) | probability of decay (of a nucleus) M1
per unit time A1
(b) |A=iN c1
(for 1.00m*) A=0.600/4.80 x 10 (=125Bq) c1
N=125/([7.55x 10-3]/3600) (=5.96 x 107) c1
so ratio =(2.52 x 10%°) / (5.96 x 107) c1
or
(for 4.80 x 10 m?) N for air=2.52 x 10*x4.80 x 10~ (=1.21 x10%%) (C1)
N for radon = 0.600/ ([7.55 x 10-3]/ 3600) (=2.86 x 10°) (C1)
so ratio=(1.21 x 10%%)/(2.86 x 10°) (C1)
ratio=4.2x 10" A1
427.9702_ml18 MS_42 Q: 13

Answer i Marks
@)(i) probability of decay (of a nucleus) M1
per unit time A1
@i) |A=Ae™ M1

after one half-life, %4, = Age*'"?
¥ = exp(—Aty) and hence taking logs, In2 = ity A1
(b) activity  =3.8 x 10* exp(—In2 x 36/ 15) c1
=7200Bq Cc1
or activity = 3.8 x 10%/2** €1
=7200Bq (c1)
volume =(7200/1.2) x 5.0 c1
=3.0% 10°cm’ A1
OR activity of 5.0cm®  =1.2x 2% (c1)
=6.3336 Bq (C1)
volume =(3.8 x 10*/6.3336) x 5.0 (c1)
=3.0 % 10°cm’ (A1)
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428.9702_s18_MS_41 Q: 13

APPENDIX A. ANSWERS

Answer Marks
(@) emission of particles/radiation by unstable nucleus B1
spontaneous emission B1
(b)(i) | use of graph to determine half-life = 14 minutes B1
hence A=In2/(14 x60) (5'1) c1
N at 14 minutes=4.4x 10" and A= AN c1
activity =4.4x 10" xIn2/ (14 x 60) A1l
=36x10*Bq
or
correct tangent drawn at time {= 14 minutes (B1)
magnitude of gradient of tangent identified as activity (C1)
correct working for gradient leading to activity (C1)
activity = 3.6 x 10* Bq (A1)
(b)(i) | 3.6x10%=2x4.4x107 c1
or
A=In2/(14.0 x 60)
A=82x10"s" A1
429. 9702 s18 MS_ 42 Q: 12
Answer Marks
(a) emission of particles/radiation by unstable nucleus B1
spontaneous emission B1
(b)(i) P — the curve that starts with a high number B2
D — the curve with the peak
S — the curve that increases from zero throughout
(one correct 1 mark, all three correct 2 marks)
(b)(ii) | At; =0.693 c1
4 =0.693/(60.0 x 60)
=1.93x107s™ A1
(c) half-life of F is much shorter than half-life of E B1
nuclei of F decay (almost) as soon as they are produced B1
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Answer Marks
(a) emission of particles/radiation by unstable nucleus B1
spontaneous emission B1
(b)(i) | use of graph to determine half-life = 14 minutes B1
hence A=1In2/(14 x60) (s™') c1
N at 14 minutes=4.4x 10" and A= AN c1
activity =4.4x 10" xIn2/ (14 x 60) A1
=36x10*Bq
or
correct tangent drawn at time =14 minutes (B1)
magnitude of gradient of tangent identified as activity (C1)
correct working for gradient leading to activity (C1)
activity = 3.6 x 10* Bq (A1)
(b)(i)) | 3.6x10%=1x4.4x107 c1
or
A=In2/(14.0 x 60)
A=82x10"s™ A1
431. 9702_wl8 MS_41 Q: 12
Answer Marks
(a) unstable nucleus B1
emission of particles/photons B1
emission is spontaneous B1
?F:articlesiradiation) are ionising
(b)(i) | tangent drawn and gradient calculation attempted B1
activity = 1.3 x 10°Bq A2
(1 mark for answer within +0.2 x 10° Bq, 2 marks for answer within +0.1 x 10° Bq)
(b)ii) |A=AN c1
A=(1.3x10%/(3.05x 10"°) =43 x10°s" (= 4 x 10°s7") A1
(c) A=A c1
1.0x10°=4.6 x 10%exp(-5.5 x 107 x t)
In(4.6)=55x107 x ¢t c1
t =278 x 10°s A1
= 32 days
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432.9702_w18 MS_43 Q: 12

Answer Marks
(a) unstable nucleus B1
emission of particles/photons B1
emission is spontaneous B1
?F:articlesiradiation) are ionising
(b)(i) | tangent drawn and gradient calculation attempted B1
activity = 1.3 x 10°Bq A2
(1 mark for answer within +0.2 x 10° Bq, 2 marks for answer within +0.1 x 10° Bq)
(b)ii) |A=AN c1
A=(1.3x10%/(3.05x 10"") =43 x10°s" (= 4 x 10°s7") A1
(c) A=Ae™ c1

1.0x10°=4.6 x 10%exp(-5.5 x 107 x t)

In(4.6)=55x107 x ¢t ci
t =2.78 x 10°s A1
=32 days

433.9702_wl17_MS_41 Q: 12

Answer Marks
(a) + emission from radioactive daughter products B2
¢ self-absorption in source
¢ absorption in air before reaching detector
* detector not sensitive to all radiations
+ window of detector may absorb some radiation
o dead-time of counter
e background radiation
Any two points.
(b)(i) curve is not smooth B1
or
curve fluctuates/curve is jagged
(b)(ii) | clear evidence of allowance for background B1
half-life determined at least twice B1
half-life = 1.5 hours A2
(1 mark if in range 1.7-2.0; 2 marks if in range 1.4—1.6)
(c) 1. half-life: no change M1
because decay is spontaneous/independent of environment A1
2. count rate (likely to be or could be) different/is random/cannot be predicted B1
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Answer Marks
(a)(i) nucleus emits particles/EM radiation/ionising radiation B1
emission/release from unstable nucleus B1

or

emission from nucleus is random and/or spontaneous

(a)(ii) | probability of decay (of a nucleus) M1
or

fraction of (number of undecayed) nuclei that will decay

per unit time A1

(b) energy is shared with another particle B1

mention of antineutrino B1

(©)(i) | number =[(1.2 x 10°%)/131] x 6.02 x 10% c1
or

number = (1.2 x 107 x 107°)/ (131 x 1.66 x 107%")

(=5.51x 10"

A =iN c1
= [0.086/ (24 x 3600)] x 5.51 x 10" A1
=55x10°Bq

(c)(iiy | 1/50 = exp(—0.086t) Cc1
or

1/50=0.5"

f=45 days A1

435.9702_wl17_MS 43 Q: 12
Answer Marks
(a) ¢ emission from radioactive daughter products B2

+ self-absorption in source

* absorption in air before reaching detector

» detector not sensitive to all radiations

¢ window of detector may absorb some radiation

+ dead-time of counter

+ background radiation

Any two points.

(b)(i) | curve is not smooth B1
or

curve fluctuates/curve is jagged

(b)(ii) | clear evidence of allowance for background B1
half-life determined at least twice B1
half-life = 1.5 hours A2

(1 mark if in range 1.7—2.0; 2 marks if in range 1.4—1.6)

(c) 1.  half-life: no change M1
because decay is spontaneous/independent of environment A1

2. countrate (likely to be or could be) different/is random/cannct be predicted B1
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436. 9702_m16_MS_42 Q: 13

(@) A=1In2/Ty
=1In2/(53.3 x 24 x 60 x 60) =1.5 x 107 s™" A1 [1]
(b) A=IN C1
N=39x10°/1.5x107 =26 x10°
m= (2.6 x10°/6.0 x 10®)x 7 x 10~ or 2.6 x 10° x 1.66 x 1077 x 7 C1
=3.0x 10%"kg A1 [3]
(c) 2/39=exp (-1.5x 107 xt) or 2/39 = (1/2)¥/(533 24 x3600] C1
t=20x10"s Al [2]

437.9702_wl16_MS 41 Q: 12
(a) (i) time for number of atoms/nuclei or activity to be reduced to one half M1

reference to (number of...) original nuclide/single isotope

lc')erference to half of original value/initial activity Al [2]
(ii) A=A exp(-Ait) and either t = t;,, A = 24, or Y2Ap = Ap exp(—Afy) M1
soIn2 = At, (and In2 = 0.693), hence 0.693 = it Al [2]
(b) A =iN
N =200/(2.1x 107 C1
=952 x 107 C1
mass = (9.52 x 107 x 222 x 107)/(6.02 x 10%)
;rass= 9.52 x 107 x 222 x 1.66 x 1077 C1

=3.5x%x107""kg Al [4]
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438. 9702 _wl6_MS 43 Q: 12

(a) (i) time for number of atoms/nuclei or activity to be reduced to one half
reference to (number of...) original nuclide/single isotope
?erference to half of original value/initial activity

(ii) A=A, exp(-Ait) and either t = t;,, A = 124, or Y2Ag = Ap exp(—At,)

soIn2 = At (and In2 = 0.693), hence 0.693 = it,

(b) A =N
N =200/(2.1 x 107°)
=9.52x 10’
mass = (9.52 x 10" x 222 x 107°)/(6.02 x 10%)
or

mass = 9.52 x 10" x 222 x 1.66 x 107’

=3.5x10""kg

M1

A1

M1

Al

C1

C1

C1

Al

[2]

[2]

[4]
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