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uestion . P .
Number Acceptable answers Additional guidance Mark
B The two forces acting on the mass are its weight 1
{(vertically down) and a tension in the thread.
A assumes there 15 a centripetal force only
C assumes there 15 an additional centripetal force
D assumes the additional centnipetal force acts
away from the centre of the circle
Q7.
Question Answer Mark
Number
A 1
Q8.
Question ) i . .
Number Acceptable answers Additional guidance Mark
(a) . (i} Example of caleulation
* useof F = Gmm/r- F=6.67x 107" N kg™ % 29 x 1.99 x 10°" kg x 36
_ . (1) | x199x10¥ke/ (6.5 * 101 m)?
» foree=65x107N force = 6.5 x 10°! N 2
C.'l_uesﬁon Acceptable answers Additional guidance Mark
Number
(b) . Example of calculation
Either F=nitfr= m(lr[rfﬂl."f'

1) |P=4n'mr/F

* use of F=mv/r ecf from (a) =42 % 29 x 1.99 x 109 kg x 3.6 x 100 m/

s useof v=2mw/T (i) 6.5 = 1051-‘”- -
=121=10"2g

+ T=11x10°s @ |7=112x10°s
= 18700 nun

o = 312 hours

» use of F = mer ecf from (a) (1) =13 days

e useofw=2w'T 6}

s T=11x10%s a
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Qo.
Question Answer . Mark
Number
Free body force diagram showing 2 forces only
Weight/Wimg (1
Tension/ T (1)
(Each additional forces e.g. horizontal component or resultant
force, 1 mark penalty)
If #1is angle to the vertical then:
(Resolving vertically): Teos6 =mg (1)
(Resolving horizontally): Tsiné = mv/r Or Tsméd = mre” (1)
Derives tanf = v/ rg and links to observations
Or Derives tanf = ro”/ g and links to observations (1
5
If angle to honizontal 1s used candidates can score MP3 and
4 [then sin and cos swop over and tan of angle will be reciprocal
of above]
Examples of free body force diagrams
{

g l A

| KT ;'_?I /"/ T

or %

lfé 5 4

v e T
(full credit for the last 3 marks can be given to candidates who
dra:w a vector triangle and derive tan & = Ti,»/mg and then tané =
rw”/ g and observation)
Total for question 5
Q1lo0.
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Question | Answer Mark
Number
(a) Evidence of frictional force = (0.35 =mg) (1
Use of F = mrea” Or F = s’/ (1)
Use of @ = 2/T Or v =2ar/T (1)
t=30s (1) 4

Example of calculation

frictional force =0.35 x 20 kg x 981 ms~ =68 TN

F = mred”

e =V (68. TN/ (20 kg = 0.80 m)

=21rads™"

t=2/21rads™?

t=30s

(h) There would be no difference (1)

Both expressions for force depend on mass

Or algebraic equation for @ or T denved (could be 1n the workang for (a))
showing @ or I independent of m

Or statement that masses cancel if supported by evidence 1n (a)

(1) 2
Taotal for guestion 6
Qll.
Question | Answer Mark
Number
(a) Only (moving) charged particles are deflected by a magnetic field (1)
Or
Only charged particles can be accelerated to produce a beam (1) 1
(b) Into the page (1) 1
(c) Use of F = mn/r Or use of r = p/BQ (1)
Use of F=Bgv Oruseofp =mv (1)
m=6.64x10"kg Q) 3
Example of calculation
mvir = Bgv .
m=Bgriv=(067T3T=x16x10"C=x740% 10" m)/120x 10° ms™"
m=664x10" kg
(d) Semucircle drawn starting from same 1mitial pomt and a smaller radius (1) 1
Total for question 6
Q1l2.
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%‘;ﬁgzr Acceptable Answer Additional Guidance Mark
(i) s The ions experience a force For velocity accept direction of motion
; S (1) s .
perpendicular to their velocity (and or direction of travel
the magnetic field)
*  The (resultant) force on the 1ons @0
causes an acceleration at right
angles to their velocity
Or There 1s a magnetic force acting
towards the centre of the path 2
Q_uesnnn Acceptable Answer Additional Guidance Mark
Number
ii , Example of calculation:
@ o Useof r=—- 1) HJ‘
BO o
*» r=023m BQ
M| (34.9741.66x107)kg x2.2410° ms™
=|[ 97 1. kg 22 M~ _ 0 o8m
035Tx16x107"C
2
Q_uesnnn Acceptable Answer Additional Guidance Mark
Number
(iii) » path drawn with less curvature (1) | MP1 awarded for path in the magnetic field 1
1 (less overall deflection)
Q_uesnnn Acceptable Answer Additional Guidance Mark
Number
(iii) *  10mS are more massive (1)
1 = ions have the same charge so the 2
radius of the path would be greater [#3)]
Q13.
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Number

Answer
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(a)@)

RE=932 kN

Example of answer
R=950kg =98l ms "
R=9320N

@ 1

(a)(ii)

Use of F =mv'/r
R=mg—m/r

R = 2480 N ecf their value of R

Example of calculation
R=9320N—-(950kg = 12.0° m* s/ 20.0 m)
R=2480N

(L
(L
(I 3

(b)

An answer that erther states implicitly or implies that
"The required centripetal force = myg and so cannot be provided'.

@ 1

Total for guestion

Q14.
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Question Answer ark
Number
(a) Useofv=2mr/t Orv=rwand T =21 /e (1)
r=1.5 %10’ s [24.6 minutes] (1) 2
Example of calculation
t=2nrlv
t=Qux61m)/026ms"
1=1473 s
(b) Use of F = mv'/r (1)
F=11N (1) 2
Example of calculation
F=97x10"kg x (026 ms™)* /61 m
F=107TN
(c)(i) Three arrows all pointing to the centre of the circle (1) 1
(accept free hand and lines of varying length)
¥ (e)(ii) (QWC — Work must be clear and organised in a logical manner
using technical wording where appropriate)
Maximum at C / bottom and Minimum at A / top (1)
At C contact/reaction force (R) greater than weight
(accept R— W=m/ror R=W + mv*/r) (1)
At A contact/reaction force is less than the weight.
(accept W—R = mvi/r or R = W-m'h )
)
Any statement that centripetal force / acceleration is provided by
weight/reaction
Or centripetal force 1s the resultant force
(1) 4
This is a qwe question so a bald statement of the equations can
score the marks but to get full marks there must be clear
explanation i words.

Q15.
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Question | Answer ark
Number
(a) Velocity/direction changing Or (object i1s) accelerating (1)
Force towards centre of circle (1 |2
(b) High(er) speed means large(r) force
Or small(er) radius means large(r) force (1)
(For sharp bends) centripetal/resultant/required force would need to
be greater than maximum frictional force
Or (for sharp bends) friction cannot provide the (required)
centripetal/resultant force 1 (2
(c)(i) | Resolving forces vertically N sin 6 = mg (1)
Resolving forces horizontally N cos 6= vy (1)
Division of vertical equation by horizontal equation to get correct (n |3
answer
(c)(ii) | Use of tan 8 = griv” (1)
=57 (1) 2
Example of calc11L}ati011 :
tan6=(9.81 ms - x 18.7m)/ (11.0m s ")’
8=56.6°
Total for question 10
Ql6.
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Question | Answer Mark 4
Number
(a)(i) | See F=GMm/i~ (1)
Equated to mg to give required expression Or use of g =F/m (1) 2
(a)(ii) |Useofg=w'rORg=v/r (1)
Use of @ =21/T OR v=2mr/T (1)
Correct algebra leading to expression given (1) 3
Example of calculation:
. GM
@ =—
2
2 *]: GM
LT ) r?
_ GMT*
 4n?
(a)(mi) | See T = 24 hours (1)
T converted into s (1)
r=42x=10"m (1) 3
Example of calculation:
I=24=60x60s=86400s
1 -1 14, - b1 - 1
3 GM}:" _ 6.67x107" Nm kg™ = 61.'D><1D kg = (864005s) C757%10% m’
4q- 4Ax-
r=3/757x10% m* =423x10" m
() The satellite must rotate with the Earth
Or the satellite must be in a geosynchronous orbit
Or any non-equatorial orbit would cause the satellite to move N-5 1
Total for guestion 9
Q17.
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Question | Answer Mark
Number
(i) Outward spiral from centre i either direction, minimum of two complete
loops (1) 1

(1) | Direction consistent with diagram:
Clockwise path. field out of page
Anticlockwise path. field into page (1) 1

(1) | Electrnic field/p.d. between dees causes (resultant) force/acceleration (1)
Proton makes half a revolution i half a cycle of the a.c.
Or facing dee (always) negative when proton reaches gap.

Or whenever the proton gets to a gap. the p.d. has reversed (1)

k.2 /speed (onlyincreases each time the proton crosses the gap

Or work done by the field i the gap increases the k.e. (1) 3
iv) | Bev=mv/r Orr =p/Be 1
( P
v =2ar/T 1)
I=1/ (seeing = v/(2nr) scores MP2 & 3) (1)
Or
Bev =mre” (1)
v =rw (1)
e = 2af (seeing v =2nf scores MP2 & 3) (1) 3
v Use of B= 2nfin/e with mass of proton 1
(v) L pr (1)
=18 x10*Hz @) 2
Example of calculation
f=eB/2mm )
F=16x10°Cx12 x 107 TV 2u x 1.67 = 107 "kg)
f=18 x10*Hz
Q18.
Question Acceptabl ! Additional guid. Mark
Number Acceptable answers y. onal guidance Mar
(a) ) ) _ Alternative method:
* Replace Work 17" by force » distance (1) Consider one revolution of axle . Load
e Replace distance = time by velocity v nises 2mr
place distance = time by velocity v M Work done = 217F
s  Usev=r = Angular velocity Time taken =2n+ @
) _ (1) Power = Work + time= 2mrF = 2/ @ to
+ Recognise F = r1s the moment of F give reqd eq 4

(L
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g:ﬁ:‘]:::-l Acceptable answers Additional suidance Mark
(b)(i MP3 dependent on lines being
o * Amow away from + charge perpendicular in MP2
Or arrow towards — charge @
* At least 3 Equpotential lines. 1 3
perpendicular to field lines @ : -
y
* Symmetrical about 2o
verticalhorizontal axis and not 1 -K
touching/crossing _ A
).
ST Acceptable answers Additional suidance Mark
Number : : :
(b)ii) o Example of caleulation:
- _ G 1) 10 (0.1x107°C)°
* Useof B = e F =899x10°Nm3c? L1107 O
o (0.05m)"
- 3
« F=0036(N) @ | = 0.036N 2
Question Acceptable answi Additional guid Mark
Number Acceptable answers ¥ onal guidance Mar
* Use of moment =Fx (1) | Show that value gives 3.2 % 107> Nm and 0.64 W
* nﬂnip;i’tlm for correct (1) | Example of calculation:
Moment 4
* Use of power = moment of = 0.036Nx0.04mx2=2.89x10" Nm
force x angular velocity ()
» Only realistic possibility is Power =2.89x 107 Nm = 2005~ = 0.58W
pond pump and P = 0.6W (L
(calculated answer could also
be force and then comparison
with b(1))
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