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(i)

[0}

(i)

(i)

Use of cos 70° (1)
27c0s 10°=800 (1) [ = 1170 N]
[Accept mysterious division by 2 (b.0.d)]

Area under graph attempted or % Fx or % k(1)
201(1)

Initial energy stored in bow converted entirely to £y of arrow (1)
240 e.c.£. =% 50 x 107 v? (1) [subst]

‘manipulation leading o v = 98 m 5™ shown. (1)

[Final mark not available if incorrect £, used]

x=ut+YVaaf (1), u=0(1)
0555 faceept 06 5] (1)

D=Vt [orby imp] (1) e of
D=98 [or 100] x 0.55 [or 0.6] [e.c.£]..

=s4m (1)

Tuaea =11+ at and =0 (1) [or equiv or by impl ]
w=54ms (1)

Vi = V54 + 9807 (1) or v = 547+ 98.0°
Viestom = 98.1m 87! (1)

Angle to horizontal [clearly identified] = sm"%- u)
[Or equivalent correct application of other trig function]

Greater [initial] force [or equiv.] required to pull the Turkish bow.
string [through a given distance] (1) [or more work / energy needed]
Greater area under the Turkish bow curve (1) [leading to] more
[elastic] potential energy stored (1).

Armows will leave Turkish bow with a greater speed / velocity (1)
[Accept converse arguments].

[Alt to 2 marking point: linking to 1* marking point ... because
‘eradient of graph greater for Turkish bow]

2

21
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(i)
(iii)

™

()

Ep=(7.0 x 10° x 1000)(1) x 9.81 x 600 (1) [=4.1 x 10”]
1* mark — use of density equation to get 7.0 x 10° kg
2™ mark — use of mgh

Energy available per second =0.9 x 4.1 x 10" [=3.6 x 10%]J (1)
allow e.c.£ from (a)
36x10”

Time= me.(I)[:z % 10* [s]/ 5.6 [hour]] (1)

7.0x10°

2x10%ecf
E per second

=3.5x 10° ke s™] allow e.c.f from (a) and (b)

x35x10° %207 ]

%107 [J s™"] allow e.c.f from (c)(i)

10%x4x10%3
2x10's

Energy wasted per second = (1)allow e.c.f. from (a)
and (b) [or equiv, or by impl ]
=2x10*[W] (1)

Yalostin = 10

2x10
Any sensible answer, e.g [k e. in] water turbulence, [work against]
friction in turbines, drag/friction between water and pipes not just
heat or sound or refilling the high level reservoir

[e.c.£. on (i) and (iii)] = 35%

Question 4 Total
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©
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i)
W

i)

(i)

Energy cannot be created or destroyed, only converted to other forms.
% mv’ = mgh shown or use of v’=u"+2ax (1)

(no mark for E,= E, only)

Clear manipulation (1)

v=485[ms"]

Air resistance /drag (1)
Friction between bobsleigh and ice or surface or track or on surface
licelsnow (1)

Actual v = [48.5-20% x 48.5] = 38.8ms™ (1) (eef)

Actual E=210762[3] (1)

Either [% x 280 x (48 5)*~ 210 762] or [280 x 9.8 x 120~210 762]
(eefon 48.5 0r 210 762) (1)

Work done against resistive forces = 118 500J (1)

X 1400 (1) eef

F=85[N] (1) ecf for use of 1.4 km

Question 5 Total
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Question Marking details
@ | © Mass of air = pAu (1) 2]
Convincing substitution into % mr’ (1)
[CIRURETO) 121
a |8y
(i) % Ap(i’- v’) (or equivalent) 1
W) Turbines in front will have removed energy from the wind - or 0]
equivalent
o) Substitution into % Ap(ir+") (or equivalent) (1) 2]
P=1644[W] (1) (- I mark for error in 4)
® | o Energy passing through blades insufficient to overcome friction of 0]
‘moving parts.
(i) Efficiency =54% +1% (1) 2]
P=888W (ecf from (@)(v)) UNIT mark (1)
© Density of water much greater than density of air 0]
Question 7 Total 12
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Marks

Question Marking det Available
@ [ cannot be created or destroyed. it can only change from one 0]
form to another. Don’t accept can only be conserved.
(i) | E,— Ex (1) can be implied [B]
‘Some energy lost as heat or due to air resistance or due to friction
‘with air - general statement (1)
Air molecules gain £ and/or molecules of object gain 4 - specific
statement (1)
() | () | mehcaleulated correctly =376.7 [J] (1) [B]
accept gas 9.8 or 9.81 but not 10
% mv? calculated correctly =288 [J] (1)
E,~ E¢=88.7 [J] [eef from calculated values of E, and/or £5] (1)
(i) | Correct substitution into ¥ = Fdi.e. 88.7 (ecf) = F x 4.0 (1) ]

2[2N] (1)
If cither E, or £ substituted in for ¥ then award | mark only
Alternative Solution:

24

Force down slope = 16 x 9.81x =~ [F=mgsind] =94 2[N]

Resultant Force 5F = 16 x(% =72N]

Mean Frictional Force = 94.2 72 =22[2N]
Award I mark for either force values correct (or both)
Award 2 marks for correct solution

Question 1 total

1
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Question

Marking details

Marks
Available

®

€]

(O]

&)

(O]

‘work done or energy transferred
time
doing work/ rate of energy transfer]

power = [Accept rate of

kgms? xmxs" (1) [Evidence of full correct methodology]
kgm’s”® (1)

£,=70x9.81 x215 (1)
147641J]
Eg= Y (T0X35)° (1)

42875]]
Eioa = 147641 — 42875 (1) [= 104 766](ecf on both E, and £;)
04766

=655[N] (1) (ecf on Eios)

=2277J5" or W (1) UNIT mark

Question 5 total

91
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Marking details

Marks
Available

®)

(i)

)

)

Each m’ (of sea water) has a mass of 1050 kg.
[Reference to “weight” — no mark]

%1050 7(8)} x(2.5)° correct area term: a(8)* (1) [or by impl.]
=165 MW (1) No e.c.f. on incorrect area.

_1000x10°

i 1.65x10°

x100% (=60.6%) [e.c.£. on P]

Not all of i [accept: energy] of water used by turbine / water retains
some E after passing through turbine [Note: This reason
predominates — responses involving wastage through Ey transfer to
other forms not credited.]

L Density of sea water >> density of air

1L Out of sight (no visual impact) v
Regular / predictable energy generator v’
Little environmental impact ¥ (any 1)
Fewer turbines so less materials/maintenance v’
Less noise pollution v

U]
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Marks.

Question Marking details. el
5 (@ ‘mgAhor 0.60 x 9.81 x 80 (1) [or by impL]
=4701 (1) 2
[Acceptg =98 ms™ — 470, butg = 10 m s — Imax]
(b S, =+mv* or £x0.60x30%(1) [or by impl.]
2
@ | O !
(i) | Air molecules gain kinetic energy (1)
Molecules of ball gain kinetic energy (1) [accept internal energy of
ball increases].
[Accept “heat” instead of KE for one of the marks only] 2
(d W= Fx or rearranged nr%(orecf}(l)
40 270
Not 222 or 2121 for by impt.
[ 80 80 ] forb impt] 2
F=25N(1)
1
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Question

Marking details

Marks.

Available
s @ Energy cannot be created or destroyed (1) . [only] changed from one
form into another (1) 2
[Accept: total energy [in the Universe] is constant for 1 mark]
) | ()| Area under graph = energy stored (1) [or by impl.]

=70 m chosen (1) [or by impl.]
Elastic potential energy [= % x1600 x 70]1= 56 kI (1) 3
Alternative: calculation of k [22.9 N m™] or left as, e.g. % v
Use of x =70 m to calculate energy +'; Energy stored = 56 kJ v

3

(ii) | 70K1 =56 KJ (e.c.£) (1) = mgh (1)

[Or Ey(grav) lost = 60x9.81x96 (1) [= 56 KI]. .. 14 kI = mgh (1)]
~h=238m (1)
Alternative: 7.0 x 10°J=mgh v— h=11892m v 5

i)

Then subtract 96 m — 22.92m v

‘Tension in “bungee’ = weight of Jumper

=60 x 9.81 [= 589 N] (1)
From graph x=26 [ 1] m (1) [or from k — 25.8 m]
d=52m.(1)
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[0}
o)

[0}

i)

i)

[0}

o)

i)

[0}

o)

Total distance .+ cquiv.] [Not rate of change of distance]

ol tme

ime forthe whole journey = 3 -+ 4h=7h (1) [or252005]
480(1) | 480000 o

Mean specd = 4500 [=68.6 k7 (1 faccept 69 - not 70
72 e st -

Forward force labelled Driving / engine force and reverse force
Iabelled Friction / drag / air resistance]

Masimum at 1= 0 (5) [aceept: starts high at 1= 0(1)
Decreases (1) to zero [afler 8 5] (1)

Av(from tangent) _ S
3 o gy (275 lccept 26-25]ms™) (1)

SF =ma/ £F =350 x 275(ccf) (1)= 962.5 [accept 910~ 1015] N (1)

Force x distance (moved) (1) in the direction of the force (1)
or equivalent, e.g. component of force in the direction of motion x
distance moved, Fcos® if symbols defined]

‘work done
time
it identified with v (1) by impl. if Fd/  used to define power]

Power P= or=Fa

40x10°
8

F

[=2200N]

Energy cannot be created or destroyed only changed from one form
to another.

Brake pads and wheel discs heat up (1) [accept k.c. -> heat energy]
Reference to particles” gaining energy (1)

1201
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Question

Marking details

Marks.
Available

®)

2]

(d)

[0}

(i)

(i)

Force x distance (1) moved in direction of force (1) [or equiv, eg
‘component of force in direction of movement x distance moved, or
W = Fd (1)cos8(1) - explanation for 2* mark]

[Work is done when a force moves its point of application — 1 only]

kgms? (1) xm - kgm?s™ (1)

Eplost =70 x 9.81 x 120 sin 20° (1) [or by impl.]
=28000J [28148] (1)

[Use of 10 for g — I* mark lost]

AtA, E=%xT0x6 (1) [=
AtB, E=%x 70 x21° (1)
AE= 14175 (1)

[1£ (21 - 6)" calculated — 1 mark only]

Energy cannot be created or destroyed only changed from one form
to another

Energy is converted to [accept: lost as] internal energy heat / sound /
ke of air (1)

Detail: Molecules of air gain E as skier moves / molecules of of
snow / skis gain £ / vibrational energy (1)

Use of 1= Fd (1) [or by impl]
28184~ 14175 (1) (e.c.f on both) = F x 120 (1) [or by impl.]
F=11TN (1)

[Accept answer based upon force components]

1161





image6.png
Question

Marking details

Marks
Available

[6)

(i)

(i)

(W)

7= 22K1) [accept 771 x 18 (1)
[21287 5 1 mark]

WIm'sT]

mass every second = 1.2 x 21000 [or as caleulated in (i)}
[=25200 ke 5™

Initial Eia =% x 25 200 x 14° (1) e.c.£. from (ii)
Final Eia =% x 25 200 x 14° (1) e.c.£. from (ii)
AE=945x10° 57 (1) e.cf. from Ey and Exy
NB. “Solutions” based upon % m x (14— 117 > 0

Useful power available = 614 250 1 5™ (1) e.c.£. from (i)

= 100010 o1y
614250

2

181





