Physics

Mixed Exam Questions — Set 12 - Answers

1.
(a) | (i) | alpha-particle / 5He/ 3 a B1
{ii) | nucleon number for Bi = 209 B1
antineutrino | g, Ty, B1 Note: Do not allow incorrect subscript and superscrpt
(b) | (i) | Aluminium (sheet placed between source and detector) M1
The count (rate) reduces Al Allow count (rate) drop to background / zero
or Allow 2 marks for 'the range in air is a few m’
Magnetic / electric field used M1
Electrons identified from correct deflection / motion in field A1
{ii) Allow credit for altemative methods
(A=)In233 ("  or (1=)0.21(h") c1
(Ap=) 12 x 10%e ™= 50 or (A;=)5.219 x 10 (Bq) C1 | Note this is the same as 12 « 10° = (0.5)%3
(Np =) 5.219 = 10%/5.835 « 10° c1
number of nuclei = 8.9 » 10° A1 | Note 9.0 x 10° can score full marks if numbers are
rounded
Or
(4=)In2/[3.3 x 3600] (") or (i=)5835:x«107(s7) c1
(N=)1.2x 105835« 10° or 20587 x 10° C1 | Possible ECF for incorrect conversion of time
(Np =) 2.057 x 10%e~ 821 % 70) C1 | Note this is the same as 2.057 » 10° = (0.5)"%32
number of nuclei = 8.9 x 10° A1
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(i} | Proton is repelled (by nucleus) B1
(High-speed) proton can get close to (oxygen) nucleus B1 Allow ‘proton can experience the strong (nuclear) force’
Not ‘collide [ hit nucleus’
(i) | E=[025-(224-220)]= 10" (J) or 021x10"(J) c1
_663x107%x3.00x10° )
_ﬂ_ - 0.21 % 1.:]—11 {An}f SUhlecﬂ 'E1
A= 9.5 107 (m) A1 | Allow 2 marks for 6.9 x 107, E = 0.29 » 107" used
Allow 1 mark for a value cormrectly calculated based on
any other incorrect value for E (e.g. 8(.0) x 10 for E =
025 = 107" and 5(.0) = 107" for E= 0.04 = 107")
3.

(a) Correct pattern B1 MNote: At least five field lines must be drawn and of
these, two must be perpendicular (by eye) to the surface
of the sphere and plate

Correct direction of the field B1 Mote: This may be shown on just one line

(b) (Electric potential) is the work done per (unit) charge in B1 | Allow: work done / energy required to bring a unit

bringing a positive charge from infinity (to the point). positive charge from infinity (to the point)

c) | (i) | V= Qidneyr (Allow any subject) c1 Note using E = VId with E = Q/4nr=yr” is wrong physics
and hence scores zero

Q=4n « 885 « 1002 . 0.015 » 5000 c1 Note if the value of £; is not given here, it could be
implied in the comrect 3sf answer
Allow any subject here if the answer is given to more
than 2sf
Allow the use of 1/4rzp = 9 » 10°

Q=83(4) =« 107 (C) a0
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(ii)1 | (electric force =) 1.7 » 107 « tand.0 (Allow any subject M1 | Not 1.7 « 10° sind or 1.7 « 107 cos86
¥ ]
Allow 1.7 x 107 « sind/cos4
(electric force = 1.19 < 107 N) (AD)
(ii)2 | E=1.2 « 107%8.3(4) « 10° C1
E=14<10°(NC™) A1 | Allow 2 marks for 1.45 x 10° (N C™), 8.3 x 107 used

Allow 2 marks for 1.43 « 10° (N C"], 1.19 « 107 (M)
used
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(a) >Hhas two nucleons B1
-13
binding energy per nucleon = 1.1 MeV (per nucleon) B1 Allow 1.76 1077 J (per nucleon)
(b) The protons / nuclei repel each other B1 Mot atoms / particles
(At high temperature) particles have more KE and hence can B1 Allow 'enough KE to get close’
get close (enough to fuse) Mot atoms or ions
<)
E=hcli. and E=mc"orE=2xmd C1 | Allow hcli. = 2mc® with or without the factor of 2
663107 C1 | Note: Th t be 2m, to score this and the next
A= - :
2911210 % 3.0210° mgri e mass must be 2m, to score this and the ne
maximum wavelength = 1.2 107 (m) A1 | Not de Broglie equation 2 = himv with speed of ¢;

which gives 2.4 = 107"% (m)
Allow 2 marks for 6.6 = 10™° (m); mass of neutron or
proton used instead

Allow the following marks for 1.02 MV recalled:

E=163x10"(J) c1

. 663x107" x3.0x10°

A= —5 C1
1.63=10

maximum wavelength =1.2 « 10" (m) AT

NB Tutors Ltd, Unit 79, Capital Business Centre, 22 Carlton Road, South Croydon, CR2 0BS




a

Two examples (any order):

« when charged particle is at rest or not moving relative to field

v

» when charged particle moves parallel to magnetic field

d

BQv:E v (gives BOr = mv )
-

B and Q are constant so r ec momentum (mv) v

b i upwards (perpendicular to plane of diagram) «
. Y -19
) 1{ _Bor Tz 0.48x1.60x10 _ x019 _ 8.7(4) x 10° (m <)
b I Lom 1.67 %107
v
length of path followed (= length of semi-circle) =ar
time taken { =20 | =00~ 6.8(3) % 10% (5) ¥
vV ) 8.74x10
b i ; -
[or ry_52 gives L
room v BQ
nx1.67x107

_ -G
T 0.48x1.60x10° =0.80E) 107 (s) v ]
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v o (and path length «c# ) v
t = (path length/ v} or (mr / v)

50 r cancels ( -.time doesn't depend on
r) v

b v a
[or f[=£ ]: m o Im (because r cancels) v ]
v ) B
[or BOv =ma* rgives BOar = me* rand BO = mo = 2nfin v

- frequency is independent of

Y =8.74108 x(ﬁ} =216x10" (ms™) v
019

Ey (= Vamvpad) = % x 167 x 1077 x (216 x 107)* v

C
( =3.90x 107" )
-13
= 22000~ 5 404) (Mev)
1.60=10
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a [ 60 (degrees) v

angle required is 150° v
which is 5w/6 [or 2.6(2)] (radians) v

a i

{magnitude of the induced) emf «
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' l]: 1 v (=25 Hz)

frequency | = ) reres

no of revolutions per minute = 25 =« 60 = 1500 v

maximum flux linkage (=BAN) = 0.55 (Wb turmns) v

27 ) s

angularopeeda)[ =—|=——— ¥ (=157rads™)
S 40=10

peak emf (= BAN@) = 0.55 x 157 = 86(.4) (V) ¥

[ or, less accurately. use of gradient method

( N 0.5—(-0.5) 1.0
{eg. ‘9[ l Vo1n-3 -3
L ) (16-4)x107  12x10

} = 83 (= 10)
(V} v oW

(max 2 for (iii) for values between 63 and 72 V' or 94 and
103V) ]

sinusoidal shape of constant period 40 ms +

correct phase (L.e. starts as a minus sin curve) «

BAN=055 - fluxdensity B=—220 v

40x107 %550
=0.25(0) (T) ¥
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