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Work Done by Forces

1 (1 mark)

W=Fd=20x5=100J B1

Answer: 100 J 1 mark
2 (2 marks)

W = Fd cos 0 = 15 x 4 x cos60° M1

=30J Al

Answer: 30J 2 marks
3 (2 marks)

Force=3x9.8=294N M1

W=294x2=588J Al

Answer: 58.8J 2 marks
4 (1 mark)

W=12x7=84J B1

Answer: 84 J 1 mark
5 (2 marks)

Work done=0 B1

W = Fd cos90° = 0, as there is no displacement in the direction of the force E1l

Answer: 0J 2 marks
6 (2 marks)

W =200 x 15 =3000 J M1

=3kJ Al

Answer: 3 kJ 2 marks
7 (3 marks)

W =Tdcos0 M1

=40 x 10 x cos30° Al

=346J Al

Answer: 346 J 3 marks
8 (4 marks)

Force=5x9.8 xsin30° = 245N M1 A1

W=245x%x4 M1

=98J Al

Answer: 98 J 4 marks
9 (4 marks)

R=10x98=98N B1

F=03%x98=29.4N M1 A1

W=294x%x6=176.4J Al

Answer: 176.4 J 4 marks
10 (3 marks)

Tension=80x 9.8=784 N M1

W =784 x 12 = 9408 J Al

=9.41kJ Al

Answer: 9.41 kJ 3 marks
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11 (3 marks)
W =Fd M1
=3(2) +4(—-1) M1
=2J Al
Answer: 2J 3 marks
12 (2 marks)
W=mgh=04x%x98x5 M1
=196J Al
Answer: 19.6 J 2 marks
13 (4 marks)
Work by pulling force = 50 x 8 x cos40° = 306 J M1 A1
Work by resistance= —20 x 8 = —160 J B1
Total = 146 J Al
Answer: 146 J 4 marks
14 (4 marks)
Displacement=(5—1i+(5—2)j =(4i +3j) m M1 Al
W=Fd=16+9 M1
=25J Al
Answer: 25J 4 marks

15 (6 marks)

R=8x9.8xcos25°=71.1N M1 A1l
F=02R=142N Al
Equilibrium along slope: T =8 x 9.8 x sin25° + F =47.3 N M1 Al
W=473%x6=284J] Al
Answer: 284 J 6 marks
16 (6 marks)
(&) W =30 x 5 x cos20° M1
=141J Al
Answer: 141 J 2 marks
(b) R+ 30sin20° =12 x 9.8, R=107 N M1 A1
F = 30c0s20° = 28.2 N M1
B= = 0263 AL
Answer: 0.263 4 marks
17 (4 marks)
@W=mgh=05%x98x12 M1
=5.881J Al
Answer: 5.88 J 2 marks
(b) Zero B1
The tension is always perpendicular to the direction of motion E1l
Answer: 0J 2 marks
18 (5 marks)
Level road: W = 15 x 2000 = 30 000 J M1 Al
Hill: W = mgh = 80 x 9.8 x 40 M1
=31360J Al
Total = 61 360 J Al
Answer: 61 360 J 5 marks
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19 (4 marks)

Displacement AB=(3i + (a— 2)j + (5 — ak) m M1 Al
Work = (2)(3) + (—D(a—2)+ ()5 —a =23 —4a M1
23— 4a=7,s0a=4 Al
Answer: a=4 4 marks
20 (5 marks)
Displacement AB = (2i + 2j — 2k) m B1
Work done = (4)(2) + (2)(2) + (—4)(—=2)=20J M1 A1
20 = 140.5)v? M1
v=y/80=894ms* Al
Answer: 8.94m s™? 5 marks
21 (6 marks)
(a) On the horizontal part the weight is perpendicular to the displacement El
so gravity does no work and no work is done against it El
Answer: No work is done against gravity horizontally 2 marks
(b) Only the stairs contribute: 20 x 9.8 x 3 M1
=588J Al
Answer: 588 J 2 marks
(c) Muscles exert force to hold the case and to overcome resistance such as air resistance and the El
small changes in speed
but the work done by the force that holds the case up is zero, since the force is perpendicular to El
the motion
Answer: Muscular effort is not the same as mechanical work 2 marks
22 (6 marks)
W=Fd=8+3p M1
8+3p=14,p=2 M1 A1l
F=(2i+2)),|F=y8,|d=5 B1
cos 0 = 2 M1
58
0=813° Al
Answer: p=2,0=2813° 6 marks
23 (6 marks)
(a) Resolve along the ramp: D = 1200 x 9.8 x sin8° + 300 M1 Al
=1940 N Al
Answer: 1940 N 3 marks
(b) Work by driving force = 1940 x 40 = 77500 J M1 Al
Work against resistance = 300 x 40 = 12 000 J Al
Answer: 77500 J, 12 000 J 3 marks
24 (6 marks)
(a) Components perpendicular to the centre line cancel E1
R =2 x 400c0s25° = 725 N Al
Answer: 725N 2 marks
(b) Total = 725 x 100 = 72500 J M1 A1
Each: 400 x 100 x cos25° = 36250 J Al
Answer: 72500 J total, 36250 J each 3 marks
(c) Work isascalar product, F-d, and is additive over forces: (F; + F,)-d = F;-d + F,-d El
Answer: scalar product isdistributive 1 mark
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25 (6 marks)
Path OA: d=(3i +4j), W=6x3+0x4 M1 Al
W=18J Al
Path OBA: OB = 3i: W =18J M1
BA =4j: W = 0 J (force perpendicular) M1
Total 18 J on both paths Al
Answer: 18 J 6 marks
26 (7 marks)
(a) Vertica: R+ Psin0 =20x 9.8 M1
Horizonta: P cos 6 = 0.5R M1 A1
P cos 0 =0.5(196 — Psin 6), so P(cos 6 + 0.5 sin 6) = 98 Al
Answer: P = ¢ 4 marks
cos® +0.5sn 0
(b) cos © + 0.5 sin © has maximum y1 + 0.25 = /1.25, when tan © = 0.5 M1 Al
p. = % =87.7Nat 0 = 26.6° Al
Answer: 87.7 N at 26.6° 3 marks
27 (11 marks)
(@ B:5g—T=5aA: T—3g=3a M1 M1
a= 2 ><89.8 =245ms~? Al
T=23(9.8+245)=36.75N Al
Answer: 245m s2, 36.75 N 4 marks
(b) On A: +36.75 x 2 = 73.5 J (upwards displacement) M1 A1
OnB: —36.75x2=—-735J Al
Answer: +73.5Jon A, =735JonB 3 marks
(c) 735—735=0 B1
The string is inextensible so both particles move equal distances and the tension is the same El
throughout, so no net work is done
Answer: zero 2 marks
(d)B:5x9.8x2=98J A: —3x98x2=-588J M1
Total =39.2J Al
Answer: 39.2J 2 marks
28 (11 marks)
(a) Perpendicular to the plane: R = 4 x 9.8c0s30° + P sin30° M1 Al
Along the plane: P cos30° = 4 x 9.8 sin30° + 0.3R M1 A1
P(cos30° — 0.3 sin30°) = 4 x 9.8(sin30° + 0.3c0s30°) M1
P=416 Al
Answer: P=41.6 N 6 marks
(b) Component of P along the plane = P cos30°; displacement along the plane 5 m M1
W =416 % cos30° x 5=180J Al
Answer: 180 J 2 marks
(c) Friction: 0.3R x 5=82.1J M1
Gravity: 4 x 9.8 x 5 x sin30° =98 J B1
Sum = 180 J, equal to the work by P (constant speed) Al
Answer: 82.1 J and 98 J 3 marks
29 (8 marks)
(a) Distance =211 x 2 =411 m M1
W =5 x4 =201 = 62.8J Al
Answer: 62.8J 2 marks
(b) Net displacement over a complete revolution is zero M1
W=Fd=0 Al
Answer: Work done in one complete revolution =0 J 2 marks
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(cod=—4i M1
W=3(—4)=-12J Al
Answer: =12 2 marks
(d) Zero B1
The tension acts towards O, perpendicular to the velocity El
Answer: zero 2 marks
30 (9 marks)
(a) Constant force: W = (3i — 4j)-(4i +3))=12—-12=0 M1 Al
Friction: —2x5=-10J M1
Total = —10J Al
Answer: 0J, —10 J, total —10J 4 marks
(b) Constant force: W = F-d is path independent = 0 M1 A1
Friction: —2(4 + 3) = =14 M1
Total = —14J Al
Answer: 0J, =14 J, total =14 J 4 marks
(c) The constant force does the same work on any path (conservative) but friction's work depends E1
on the path length
Answer: Friction is path dependent 1 mark
Kinetic Energy
1 (1 mark)
KE =%mv? =% x 4x 25=50J B1
Answer: 50 J 1 mark
2 (2 marks)
KE =% x 1000 x 400 = 200 000 J M1
=200 kJ Al
Answer: 200 kJ 2 marks
3 (2 marks)
9 = 14(0.2)v? M1
v2=00,v=949ms? Al
Answer: 9.49m st 2 marks
4 (2 marks)
4(3)(36) — ¥A(3)(4) M1
=54—-6=481J Al
Answer: 48 J 2 marks
5 (2 marks)
Work done = gain in KE: 40 = ¥%(5)v? M1
v=4ms? Al
Answer: 4ms™t 2 marks
6 (2 marks)
Speed®’=9+ 16 =25 M1
KE =%4(2)(25) =25 J Al
Answer: 25J 2 marks
7 (2 marks)
KE = ¥smv? is proportional to v? M1
Doubling v multiplies KE by 4 Al
Answer: x4 2 marks
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8 (3 marks)
Work = change in KE M1
= 15(900)(625 — 100) M1
=236250J Al
Answer: 236 250 J 3 marks
9 (3 marks)
Work done by braking force = loss of KE M1
F x 90 = 14(1200)(225) M1
F=1500 N Al
Answer: 1500 N 3 marks
10 (3 marks)
Loss of KE = %4(0.02)(250%) = 625 J M1
Fx0.1=625 M1
F=6250 N Al
Answer: 6250 N 3 marks
11 (4 marks)
KE, = %4(2)(36) =36 J B1
KEg =%4(8)(9) =36 J ratiol:1 B1
Pan=12Ns pg=24Ns M1
B has the greater momentum Al
Answer:1:1;B 4 marks
12 (3 marks)
Work done=6x4=24] M1
24 = Yy3)v? M1
v=4ms? Al
Answer: 4m st 3 marks
13 (3 marks)
250 000 = ¥4(5000)v2, v =10ms™! M1 AL
=10 x 3.6 = 36 km per hour Al
Answer: 36 km per hour 3 marks
14 (4 marks)
Net work = (12 — 4) x5=40J M1 Al
40 = Yy(2)v? — ¥4(2)(64) M1
v=102ms? Al
Answer: 10.2m st 4 marks
15 (5 marks)
(a) Work = loss of KE: 200s = ¥2(80)(100) M1 A1l
s=20m Al
Answer: 20 m 3 marks
(b) Distance is proportional to v 20 x (1.5)? M1
=45m Al
Answer: 45 m 2 marks
16 (4 marks)
Work by force = 240 J, work by gravity = —10 x 9.8 x 8 x sin15° = —203 J M1 A1
Net work = ¥4(10)v? M1
v=272ms? Al
Answer: 2.72m st 4 marks
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17 (6 marks)
(a) Resistive forces on theway up: 0.5x 9.8+ 1.5=6.4 N
6.4h = 15(0.5)(24°) = 144
h=225m
Answer: 22.5m
(b) On the way down the resultant forceis0.5%x 9.8 — 1.5=34N

Y(0.5)v?=3.4x 225=765
v=4306 =17.5ms™
Answer: 17.5m s™*

18 (4 marks)
Yo(4myv,? = Yomv,?
v, :v,2=1:4,sospeedsinratiol: 2
pi:p,=4mv; mv,=4x1:2
=2:1
Answer: speeds1: 2, momenta2: 1
19 (4 marks)
(a) KE initial = 18 J, s0 18 + 24 = Y(4)v?
v=458ms™
Answer: 458 m s~
(b) 18 — 10 = Y4(4)v?
v=2ms?
Answer: 2m s~

1

1

20 (4 marks)

Work-energy: W = ¥amv? — 1smu?
2W
2 _ 2
VeEUTt o

v2=16+36=52
v=721ms*

Answer: 7.21m st

21 (6 marks)
(a) F x 40 = ¥4(1500)(400)
F=7500N
Answer: 7500 N
(b) 7500s = %2(1000)(625)
s=41.7m
Answer: 41.7 m

22 (5 marks)
(a) KE depends on speed squared; the speed is the same before and after
KE change is ¥smv2 — ¥mu?, not ¥sm(v — u)?
Answer: KE isa scalar; the changeis zero
(b) Changein KE=0
Impulse =2(—3 — 3)
Magnitude=12N s
Answer: 0J,12N s
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23 (7 marks)
R+ 20sin30° =4 x 9.8, R=29.2N M1 Al
F=02R=584N Al
Net work = (20c0s30° — 5.84) x 6 = 68.9 J M1 A1
Yo(4)v? — Y5(4)(49) = 68.9 M1
v=9.13ms? Al
Answer: 9.13m s™* 7 marks
24 (9 marks)
() R=2x9.8c0s20° =184 N, F=553 N M1 A1
Work against gravity and friction = loss of KE M1
s(2 x 9.8 sin20° + 5.53) = %4(2)(100) M1 Al
$s=8.18m Al
Answer: 8.18 m 6 marks
(b) tan 20° = 0.364 > 0.3, so gravity component exceeds limiting friction and it slides down El
Yy(2)v? = 5(2 x 9.8 sin20° — 5.53) M1
v=310ms™ Al
Answer: 3.10m s™* 3 marks
25 (5 marks)
u
mu:4mv,v:Z M1 Al
a u> _ mu?
KE after = l/2(4-I'T'I)E =g M1
KE before = ¥amu? B1
. a 1_3
Fraction lost =1 — -7 Al
Answer: Thefraction of theinitial kinetic energy that is lost is% 5 marks
26 (7 marks)
(a) 6t% + 24 = Y4(3)v? M1
v=2t?+4ms?! Al
Answer: 2yt? + 4 2 marks
dE _
(b) at - 12t M1
=36W Al
Answer: 36 W 2 marks
(©t=0v=4ms B1
100 = 4(t% + 4) M1
t=3s Al
Answer: 4ms™t 3s 3 marks
27 (10 marks)
(a) Work done by net force = KE gained M1
(D — R)s = ¥amv? Al
> _2(D—-R)s
=S Al
Answer: The speed v after distance s satisfies v? = w 3 marks
(b) Loss of KE = work against resistance M1
¥%mV? = R Al
_ mv?
= SR Al
. mvV?2
Answer: The car then travels a further dlstanceﬁ 3 marks
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(c) From (a), mV? = 2(2R)s, = 4Rs,
_4Rs,

) SR - 2s,
S, +2s,=600,s;, =200 m
Answer: 200 m

28 (8 marks)
(8 R=0.5x 9.8 x cos30°

F=§x0_5x9,8x§=2.45N

Answer: Thefriction forceis 0.5 x 9.8 x 3? x c0s30° = 245 N

(b) Resistive force along slope = 0.5 x 9.8 x Sin30° + 245=49N

4.9s = %(0.5)(36) =9

$=184m

Answer: 1.84 m

(c) Weight component down the slope = 2.45 N equals the limiting friction 2.45 N (tan30° =11, so
the particle isin limiting equilibrium)

so friction can hold the particle in equilibrium and it remains at rest

Answer: It remains at rest

29 (9 marks)
(a) Work done = £x(6 — 2x)dx = 6x — x?

6x — X2 = Yo2)v? — ¥4(2)(16)
v2 =16+ 6x — x>

Answer: v2 = 16 + 6x — x>
(b) v2 =25 — (x — 3)?
Greatest v2 = 25 when x = 3
Greatest speed =5ms™
Answer: 5mstatx=3
(©v=0:x>—6x—16=0
Xx=8

Answer: 8 m

30 (10 marks)
(@) YA2)v* =9
v=3ms
Answer: 3m s~
(b) Work done by the resultant force F fromOtox =E — 9

1

Ldex:4x2+8x,soF:%(4x2+8x)
F=8x+8

Answer: F=8x + 8

(C) ¥4(2)(25) =25 = 4x> + 8x + 9
x2+2x—4=0

x=—1+y5=124m

Answer: x = —1+45 =124

(d) [7(8x+8) dx=[4x* +8x,°

=60—12=48J
Answer: 48 J
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Gravitational Potential Energy

1 (1 mark)

GPE=mgh=6x%x9.8x%x4=2352J B1

Answer: 235.2 ] 1 mark
2 (1 mark)

GPE=15%x98x2=294] B1

Answer: 29.4 ] 1 mark
3 (2 marks)

Loss=mgh=3x98x5 M1

=147 Al

Answer: 147 J 2 marks
4 (2 marks)

588=2x%x9.8xh M1

h=3m Al

Answer: 3m 2 marks
5 (2 marks)

70 x 9.8 x 100 = 68 600 J M1

=68.6 kJ Al

Answer: 68.6 kJ 2 marks
6 (2 marks)

Height gained = 10sin30° =5 m M1

GPEgan=4x98x5=196J Al

Answer: 196 J 2 marks
7 (3 marks)

Loss of KE = gain of GPE: ¥%0.4)(14%) = 0.4(9.8)h M1 AL

39.2=392h,so0h=10m Al

Answer: 10 m 3 marks
8 (2 marks)

800 x 9.8 x 15=117 600 J M1

=117.6 kJ Al

Answer: 117.6 kJ 2 marks
9 (4 marks)

(2 0.5x9.8x8=39.2J M1 Al

Answer: 39.2J 2 marks

(b) ¥%(0.5)v? = 39.2 M1

v=125ms? Al

Answer: 125m s 2 marks
10 (3 marks)

(2) 2x9.8x3=5881J B1

Answer: 58.8 J 1 mark

(b) Height above floor = 3.8 m M1

GPE=2x98x38=74481] Al

Answer: 74.48 J 2 marks
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11 (3 marks)
Centre of massrisesfrom0to 1.5 m M1
GPE=6x9.8x 15 M1
=88.2J Al
Answer: 88.2J 3 marks
12 (4 marks)
Height = 1.5 — 1.5c0s60° M1 Al
=0.75m Al
GPE=0.8x98x0.75=5.88J Al
Answer: 5.88J 4 marks
13 (3 marks)
Height = 400 x 2—10 =20m M1
GPE=85x9.8x 20 M1
=16 660J Al
Answer: 16 660 J 3 marks
14 (3 marks)
Centre of massrises1 m M1
GPE=4x98x1 M1
=392 Al
Answer: 39.2J 3 marks
15 (5 marks)
(@) 2x98x3+5x98x%x1.2 M1
=58.8+58.8=117.6J Al
Answer: 117.6 J 2 marks
(b)ﬁ:w:L;:lJMm M1 A1l
7x98x 2211761 AL
Answer: 1.71 m 3 marks
16 (4 marks)
KE lost = GPE gained M1
¥5(2)(49) = 2 x 9.8 x ssin30° M1 A1
s=10m Al
Answer: 5m 4 marks
17 (4 marks)
Initially the centre of massis 0.2 m high B1
Finally it is 0.6 m high B1
Gan=12x98x 04 M1
=47.04J Al
Answer: 47.04 J 4 marks
18 (4 marks)
Hanging part has mass 4 kg with centre of mass 1 m below the table M1 Al
Work = GPE gained =4 x 9.8 x 1 M1
=392 Al
Answer: 39.2J 4 marks
19 (4 marks)
(8 h=300sin12° = 62.4 m M1
Loss =65 x 9.8 x 62.4 = 39700 J Al
Answer: 39700 J 2 marks
(b) 90 x 300 M1
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=27000J
Answer: 27 000 J

20 (5 marks)
Vertical height gained = ssin «
GPE gain=mg x ssin «
98=4x98x%x5snha
sina =0.5
o =30°
Answer: a = 30°

21 (4 marks)
(a) Centre of massrises2 m
GPE=8x98x2=156.8J
Answer: 156.8 J
(b) Every part rises1 m
8x98x1=7841J
Answer: 78.4J

22 (5 marks)
B losesGPE: 5% 9.8%x2=98J
A gainsGPE: 3x9.8x2=588J
Net loss=39.2J
No energy islost (smooth pulley), so KE gain = 39.2 J
Answer: 39.2 J,39.2J

23 (5 marks)
(a) GPE depends on vertical height, ssin30° =2 m
cos30° gives the component perpendicular to the slope
Answer: should be sin 30°
(b) 5 x 9.8 x 4sin30°
=98J
Answer: 98 J
(c) No: GPE depends only on the vertical height, not on friction or path
Answer: No

24 (5 marks)
Initial height of centre of mass=0.3m

Final height = half the face diagonal = %5@ = 04243 m

Ganin height = 0.1243 m
GPE gain=30% 9.8 x 0.1243=36.5J
Answer: 36.5J

25 (5 marks)
(2) 3x9.8x (2 —5)
=—88.2J
Answer: —88.2 J (aloss of 88.2 J)
(b) No, it depends only on the change in vertical height
Answer: No
(c) ¥(3)v? = 88.2
v=767ms™!

Answer: 7.67 m st
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26 (5 marks)
Centre of massis 0.75 m from A B1
Initial depth below A =0.75m B1
Final depth = 0.75c0s50° M1
Height gained = 0.75(1 — cos50°) = 0.268 m Al
GPE =6 x9.8x0.268 =15.8J Al
Answer: 15.8J 5 marks
27 (9 marks)
(a) Centre of mass at height L/2 B1
cpe = M AL
Answer: M_gl_ 2 marks
(b) Final GPE = 0 B1
Loss= # Al
Answer : M_gl_ 2 marks
(c) All the GPE lost is dissipated: %2 % 6 x 9.8 x 2 M1
=588 Al
Answer: 58.8J 2 marks
(d) It is converted by inelastic impacts into internal energy (heat, sound) El
Answer: dissipated asinternal energy 1 mark
(e) Topendfalls2m: v2=2x98x 2 M1
v=626ms! Al
Answer: 6.26 m s™* 2 marks
28 (10 marks)
(a) Initial height above lowest point =L — L cos a M1
Loss=mgL(1 — cos o) Al
Answer: Thelossin GPE when the string is vertical ismgL (1 — cos o) 2 marks
(b) Energy conservation: ¥smv? = mgL (1 — cos «) M1
v =42gL(1 — cos o) Al
Answer: The speed at the lowest point isy2gL (1 — cos o) 2 marks
(©)2(1 —cosa)=1 M1
cos a = %5, a = 60° Al
Answer: 60° 2 marks
(d) The tension is perpendicular to the velocity El
Answer: perpendicular to motion 1 mark
2
(e)T—mg:mTVWithVZ:gL M1 A1
T =2mg Al
Answer: 2mg 3 marks
29 (10 marks)
(a) Longer part: mass 8 kg, centre of mass 2 m below peg: —8 x 9.8 x 2= —156.8 J M1 Al
Shorter part: mass 4 kg, centre of mass 1 m below: —4 x 9.8 x 1= —39.2J M1
Total = —196J Al
Answer: —196 J 4 marks
(b) 5 m side: mass 10 kg, centre of mass 2.5 m below peg: —10 x 9.8 x 25= —245J M1 Al
1 m side: mass 2 kg, centre of mass 0.5 m below: —2 x 9.8 x 0.5=—9.8 J, total = —254.8 J Al
Answer: —254.8J 3 marks
(c) Lossin GPE =254.8 — 196 =58.8 J M1
58.8 = ¥5(12)v? M1
v=313ms Al
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1

Answer: 3.13ms” 3 marks
30 (10 marks)
(a) Mass hanging = 2x kg, centre of mass% below the table M1 A1
GPE = —(2¢)(9.8)(3) = —9.8¢2 AL
Answer: When a length x metres hangs over the edge, the GPE of the chain relative to the table top sma&8x?
(b) Initially GPE = —9.8(0.25) = —2.45 J B1
Finally x = 2: GPE = —9.8(4) = —39.2J M1
Loss=36.75J Al
Answer: 36.75J 3 marks
(c) Energy conservation (table smooth): ¥5(4)v? = 36.75 M1 A1
v=429ms? Al
Answer: 429 m s™* 3 marks
(d) The weight of the hanging part, 2xg, increases as x increases, and this is the driving force El
Answer: driving force depends on x 1 mark

Conservation of Mechanical Energy

1 (2 marks)
Ysmv? = mgh M1

v=y2x98x5=990ms™* Al

-1

Answer: 9.90m s 2 marks
2 (2 marks)

¥am(64) = mgh M1

_ 32 _

h= 98 " 3.27m Al

Answer: 3.27 m 2 marks
3 (2 marks)

Yn?=98x25 M1

v=7ms* Al

Answer: 7ms™t 2 marks
4 (2 marks)

v =142 x 9.8 x 0.45 M1

=297ms? Al

Answer: 297 ms™! 2 marks
5 (2 marks)

KE = %4(0.3)(36) = 5.4 J B1

GPE =0.3x 9.8 x 2=5.88; total =11.28 J Al

Answer: 11.28 J 2 marks
6 (1 mark)

Only conservative forces (gravity, elastic) do work; no friction, air resistance or other El

non-conservative forces

Answer: Only conservative forces do work 1 mark
7 (3 marks)

Yomv? = ¥%m(100) + mg(8) M1 A1

v=160ms Al

Answer: 16.0m s™! 3 marks
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8 (4 marks)
Height fallen = 3(1 — cos60°) = 1.5m M1 A1
Yn?=98x15 M1
v=542ms? Al
Answer: 542 m st 4 marks
9 (4 marks)
Height lost = 4sin30° =2 m M1 A1
Yav? = ¥(36) + 9.8 x 2 M1
v=867ms? Al
Answer: 867 ms! 4 marks
10 (3 marks)
%(144) = ¥4(36) + 9.8h M1 A1
h= % =551m Al
Answer: 551 m 3 marks
11 (4 marks)
Y5(400)v? = ¥5(400)(16) + 400 x 9.8 x 30 M1 A1
v? =16 + 588 = 604 Al
v=246ms Al
Answer: 246 m st 4 marks
12 (4 marks)
Energy at the bottom =70 x 9.8 x 25 =17 150 J M1 A1
Work against friction = 140s M1
s=1225m Al
Answer: 122.5m 4 marks
13 (3 marks)
Normal reaction is perpendicular to the motion, so no work: energy conserved E1
Y? = 9.8 x 4 M1
v=885ms? Al
Answer: 885m s! 3 marks
14 (6 marks)
R=2x9.8c0s30°=17.0N, F=3.39N M1 Al
Work against friction = 3.39 x 10 = 33.9J Al
GPE lost =2 x 9.8 x 10sin30° =98 J B1
98 — 33.9 = ¥(2)v? M1
v=800ms Al
Answer: 800m s™* 6 marks
15 (5 marks)
Lossof PE=5x9.8x16 —3x98x16=3136J M1 A1
Gain in KE = %(3 + 5)v? M1 AL
v=280ms? Al
Answer: 280 m st 5 marks
16 (6 marks)
(a) Drop of 0.8 m: Ya> = 9.8 x 0.8 M1 A1
v=396ms? Al
Answer: 3.96 ms™! 3 marks
(b) KE at B = ¥%(0.5)(15.68) = 3.92 J B1
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Fx4=392
F=0.98 N
Answer: 0.98 N

17 (4 marks)
Total energy conserved; the horizontal velocity changes only through gravity's vertical effect
Y5(225) = Vv’ + 9.8 x 3
v=129ms

Answer: 129 m st

18 (5 marks)
(a) ¥A(4)(81) = 4 x 9.8 x ssin20°
s=121m
Answer: 12.1 m
(b) Speed =9 m st
Energy is conserved, GPE returns to itsinitial value so KE does too
Answer: 9m st

19 (5 marks)
(a) Height fallen = 1.5c0s30° = 1.30 m

v=y2x98x130=505ms™*
Answer: 505m s!

(b) KE=mgh=04x98x 15
=5.88J

Answer: 5.88 J

20 (5 marks)
GPE lost =800 x 9.8 x 12 =94 080 J
KE gained = ¥4(800)(144 — 25) = 47 600 J
Work against resistance = 94 080 — 47 600 = 46 480 J
46 480

R= 500 = 232N
Answer: 232 N
21 (9 marks)

(a) Height fallen=r — r cos 6

vamv? = mgr(1 — cos 0), so v =+/2gr(1 — cos 6)
Answer: The speed of P when OP makes angle © with the vertical isy2gr(1 — cos 0)

2

(b) Radial equation: mgcos0® — R = g
R=0: gcosB =2g(1 — cos0)

3cos O =2, cos(9=%

w| N

Answer: cos O =
(c) v? = 2gr(1/3) =2 x 9.8 x 0.6/3
v=198ms?

Answer: 1.98 m s™!

22 (9 marks)
(a) Resistive forces on the way up: mg + % - 3_29
vemv? = Yam(8gH) — 3—29 x H

v2=8gH — 3gH = 5gH, so v = 5gH

Answer: y/5gH
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(b) Speed after the ceiling = 5+5gH B1
On the way down the resultant forceismg — % = % B1
Yomw? = Vﬂﬂ(%) + % x H M1
W2:¥+QH:¥,W=%\/QH Al
Answer: g gH 4 marks
(© % x 2H = mgH B1
Answer: mgH 1 mark
23 (4 marks)
(a) Energy conserved: ¥v? = ¥%4(100) + 9.8 x 20 M1
Independent of direction, since only KE and height matter El
v=222ms'ineach case Al
Answer: Same speed 222 m s™! 3 marks
(b) The time of flight (or the horizontal distance) El
Answer: time of flight 1 mark
24 (5 marks)
(a) Atthetop KE = 0: Yau? = g x 1 M1 AL
u?>2x98=196 Al
Answer: The bead reachesthetop if u?>> 19.6 3 marks
(b) ¥%(36) = Yv> + 9.8 x 1 M1
v=405ms™ Al
Answer: 405m s™* 2 marks
25 (7 marks)
(a) ¥amu? = Yamu?cos?ac + mgH M1 Al
mgH = ¥smu?(1 — cos’a) M1
_ u’sin’a
H= 5 Al
., _ u?sina
Answer: H = 29 4 marks
_400%x 025
(b)H = ~— 196 5.102 m M1
vZ=400 — 2 x 9.8 x 2.551 M1
v=187ms™*! Al
Answer: 187 m st 3 marks
26 (7 marks)
(a) Energy: lossof PEof B=3x9.8x1=29.4J B1
ganinPEof A=2x9.8x1xsn30°=9.8J M1 Al
19.6 = ¥(5)v?, v=2.80ms™? M1 Al
Answer: 2.80m st 5 marks
(b) A then moves up as a particle: %(2)v? = 2 x 9.8 x ssin30° M1
s=0.800 m Al
Answer: 0.800 m 2 marks
27 (10 marks)
(a) Height fallen=r cos 6 M1
v =2gr cos 0 Al
Answer: The speed of the particleisy2gr cos @ 2 marks
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(b)0=0:v=y2x98x12=48ms* M1 A1l

-1

Answer: 4.85ms 2 marks
2
(OR—mg= g M1
v2=2gr B1
R =mg + 2mg = 3mg Al
Answer: The normal reaction at the lowest point is 3mg 3 marks
2
(d)R—mgcosG:¥:2mgcose M1 A1
R =3mg cos 6 = 2mg, cos O = % 0 =48.2° Al
Answer: 0 = 48.2° 3 marks
28 (9 marks)
(@) Yov? = %(9) + 9.8 x 1 M1 AL
v=535ms? Al
Answer: 535m st 3 marks
2
(b) T —2x98=2x— M1 AL
T=196+2x286=76.8N Al
Answer: 76.8 N 3 marks
(c) Energy: Yav,* = ¥4(28.6) + 9.8 x 1.5 M1 AL
Vg=762ms™t Al
Answer: 7.62m st 3 marks
29 (9 marks)
(@) Lossof GPEof B=3x9.8x15=44.1J B1
Work against friction=0.4x2x98x 1.5=11.76J M1 Al
44.1 — 11.76 = Yo(5)v? M1
v=360ms? Al
Answer: 3.60m s! 5 marks
(b) The string goes slack; A decelerates under friction: 0.4 x 9.8 =3.92m s 2 M1 A1
vZ=2x392s M1
s=1.65m Al
Answer: 1.65m 4 marks
30 (12 marks)
(a) Drop of 3.2 m: Ya? = 9.8 x 3.2 M1 A1
v=792ms? Al
Answer: 7.92m st 3 marks
(b) 1.8 = ¥49.9)t? M1
t=0.606 s Al
Distance = 7.920 x 0.6061 M1
=4.80m Al
Answer: 0.606 s, 4.80 m 4 marks
() ¥w?=98x5v=990ms™! M1 AL
Horizontal 7.920, vertical 9.8t = 5.940 B1
7.920% + 5.940% = 9.90 Al
Answer: 990 m st 4 marks
(d) No air resistance (or the particle is treated as a point, the ramp is smooth) E1l
Answer: No air resistance 1 mark
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Power
1 (1 mark)

P = Fv =500 x 4 = 2000 W B1

Answer: 2000 W 1 mark
2 (1 mark)

p=22%9 = 1500w B1

Answer: 1500 W 1 mark
3 (2 marks)

P =1800 x 25 =45 000 W M1

=45 kW Al

Answer: 45 kW 2 marks
4 (2 marks)

Work = 3000 x 120 M1

=360 000 J Al

Answer: 360 kJ 2 marks
5 (2 marks)

T =200x9.8=1960 N M1

P=1960 x 0.5=980 W Al

Answer: 980 W 2 marks
6 (2 marks)

F- P _ 40000

“v~ 20 M1

= 2000 N Al

Answer: 2000 N 2 marks
7 (3 marks)

At maximum speed driving force = resistance = 800 N M1 Al

P =800 x 40 = 32 000 W = 32 kW Al

Answer: 32 kW 3 marks
8 (4 marks)

Driving force = —301?500 = 2000 N M1 Al

2000 — 900 = 1200a M1

a=0917ms? AL

Answer: 0.917 m s™2 4 marks
9 (4 marks)

Driving force = 800 x 9.8sin5° + 300 M1 A1

=983 N Al

P =983 x 12 = 11800 W Al

Answer: 11800 W 4 marks
10 (3 marks)

T =600 x 9.8=5830 N M1

P=5880 x 2=11760 W Al

= 11.76 kW Al

Answer: 11.76 kW 3 marks
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11 (3 marks)
Work per second =50 x 9.8 x 6 M1 Al
= 2940 W Al
Answer: 2940 W 3 marks
12 (4 marks)
F=20 =417\ M1 AL
Resistance 2F = 83.3 N B1
250 _ 1
V=g33 = 3ms Al
Answer: 41.7N,3m st 4 marks
13 (3 marks)
At max speed F =15 000 N M1
_ 600 000
~ 15000 M1
=40ms?t Al
Answer: 40m s™! 3 marks
14 (6 marks)
_ 45000
@v= 200 M1
=375ms? Al
Answer: 37.5m st 2 marks
(b) Driving force = 1200 + 1500 x 9.8 sin4° M1 A1
=2230 N Al
_ 45000 _ _
= 5930 - 20.2ms Al
Answer: 20.2 m s™! 4 marks
15 (5 marks)
(a) F= 2% = 3600 N M1
3600 — 600 = 900a M1
a=333ms? Al
Answer: 3.33m s™? 3 marks
(b) At max speed a=0: F = 600 M1
_ 36000 _ 1
=600 " 60ms Al
Answer: 60 m st 2 marks
16 (5 marks)
Driving force = 24gOO = 3000 N B1
N2L along slope: 3000 — 400 — 1000 x 9.8 sin3° = 1000a M1A1A1L
a=209ms? Al
Answer: 2.09 m s~2 5 marks
17 (4 marks)
T — 500 x 9.8 =500 x 0.4 M1
T =5100 N Al
P=Tv=5100x 15 M1
= 7650 W Al
Answer: 5100 N, 7650 W 4 marks

stemup.co.uk | page 20



StemUp | Further Mathematics | Further Mechanics: Work, Energy and Power | Model Answers

18 (4 marks)
Resistance = kv; at steady speed Pw = kv?
15 000 = 36k, k = 416.7
P=kv?=416.7 x 81
=33750 W
Answer: 33.75 kW

19 (5 marks)
Level road: P = 30R
Hill: driving force = R + 1000 x 9.8 x 1—10 =R+ 980, so P = 20(R + 980)
30R = 20R + 19 600, so R =1960 N
P =30 x 1960 = 58 800 W
Answer: R =1960 N, P = 58 800 W

20 (5 marks)
() At steady speed 22 = 300 + 4V
4V? + 300V — 18 400 = 0, that is (V — 40)(V + 115) =0
V=40ms
Answer: 40 m s~

1

18 400
20

800a =540, a=0.675ms™2
Answer: 0.675m s~2

(b) Driving force = =920 N, resistance = 300 + 80 = 380 N

21 (8 marks)

36000 _ 1
(a)v-w—nms

Answer: 72m st

(b) Driving force = 500 + 1200 x 9.8 x 7

~ 36000
= 1088 N, v = 1088

Answer: Maximum speed up the hill =33.1m s™* (3sf.)

(©D =220 - 1800
1800 — 1088 = 1200a
a=0593ms?

Answer: 0.593 m s~?2

=331ms?

22 (8 marks)

~ 30000 _ -
(a)v-W—SOms

Answer: 50m s™!

(b) Work = power x time

M1
Al

M1
Al
4 marks

B1

M1 Al

Al
Al
5 marks

M1

M1
Al

3 marks

M1

Al

2 marks

M1 Al

2 marks

M1 A1l

Al

3 marks

B1

M1
Al

3 marks

M1 A1l

2 marks
B1

Answer: The work done by the engine while the car acceleratesis given by 30 000t, wheret is the time itakien

(c) Work by engine = 30 000 x 65.5 =1 965 000 J
Gain in KE = %%(1000)(1600 — 100) = 750 000 J
1 965 000 — 600s = 750 000

s=2025m
Answer: 2025 m
23 (6 marks)
(@) P:Fvsongzw

The student forgot the kilo: P =20 000 W, F = 2000 N
Answer: F =2000 N
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(b) 2000 — 1500 = 1500a M1
_1 2
a=zms Al
Answer: % m s™2 2 marks
(c) Driving force = 5 decreases as v increases El
so the resultant force (and hence acceleration) decreases El
Answer: F = P/v falls 2 marks
24 (6 marks)
(a) Driving force = 3000 N B1
3000 — 600 = 4000a M1
a=0.6ms? Al
Answer: 0.6 m s™2 3 marks
(b) Trailer: T — 200 = 1000(0.6) M1 Al
T=800N Al
Answer: 800 N 3 marks
25 (6 marks)
Down slope, engine off: mg sin 6 = kv M1
1500 x 9.8/15 = 980 = 20k, k = 49 Al
Up: D =980 + 49 x 20 = 1960 N M1 A1l
P =1960 x 20 M1
=39200 W Al
Answer: k =49, 39.2 kW 6 marks
26 (6 marks)
(a) Useful power = 20 x 9.8 x 8 + %2(20)(36) M1 Al
= 1928 W; input = o2 = 2410 W AL
Answer: 2410 W 3 marks
(b) Useful power = 2400 W B1
m(9.8 x 8 + 18) = 2400 M1
m = 24.9 kg per second Al
Answer: 24.9 kg per second 3 marks
27 (10 marks)
(a) Steady speed: driving force= R+ mg sin 6 M1
P=V(R+ mgsin0) Al
Answer: P=V(R + mgsin 0) 2 marks
(b) Driving force = 5 B1
g—R—mgsinG:ma M1
_P _R_ 46
a=_— — = —gsn Al
Answer: When the speed isv the acceleration is% - % —gsin®O 3 marks
(c) D =800 + 1200 x 9.8/20 = 1388 N M1 A1
_ 40000 _ .
V= 1388 " 288ms Al
Answer: 288 m s™* 3 marks
_ 40000 800
(d)a= agx 16 — 00 — 049 M1
=218ms™? Al
Answer: 2.18 m s™2 2 marks
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28 (9 marks)
(a) At max speed D = R = 50k
P =50k x 50 = 2500k
Answer: P = 2500k

(b) Driving force = @ = 125k
125k — 20k = 1000 x 0.5
k=2%_ 476 P=11000W

— 105 T T T

Answer: k =4.76, P = 11900 W

(c) Max speed where driving force equals resistance is 50 m s™*
which is less than 55; beyond it the resistance exceeds the driving force

Answer: Required driving force at 55 m s~ is below the resistance, so 55 m s~ cannot be reached

29 (11 marks)
(8) 54 kmh™ =54 x 200 =15 ms™!
Driving force = ~72% = 3600 N, 50 3600 — 225¢ = 1000 x 3.15
225c=450,c=2
Answer: c=2
(b) At steady speed 202 = 2v2, s0 V3 = 27 000
V=30ms?
Answer: 30 m s™?
(c) Driving force = 542—?0 = 2160 N, resistance = 2 x 625 = 1250 N

1000a =910, a= 0.91 m s 2

Answer: 0.91 m s™2

(d) 2% = 22 + 1000 x 98 x o, 50 2v° + 490V — 54 000 = 0

f(27.45) = 820 < 0 and f(27.55) = 1300 > 0, s0 27.45 < v < 27.55, that isv = 27.5 to 3 sf.

Answer: 2v® +490v — 54000=0,v=275m st

30 (11 marks)
(a) Atv=40: D =25x40=1000 N
P = 1000 x 40 = 40 000 W
Answer: 40 kW

(b) D = 5% = 4000 N

4000 — 250 = 1200a
a=312ms?
Answer: 3.12m s~?

1200v =— — v

40 000

v - 25v

Answer: The equation of motion can be written lZOOv% =

12002
@ qv = 25000 - 252
20  1200v*
x= ~£ 40000 — 25v2 dv
Write v#/(1600 — v?) = —1 + 1600/(1600 — v?) and integrate (partial fractions)
X=84m
Answer: 84 m
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Variable Forcesand Work

1 (2 marks)

W = _£3 4x d x M1

=[2x],>=18J Al

Answer: 18 J 2 marks
2 (2 marks)

2

W= [*(6-x)dx=[6x— %] M1

=24-8=161J Al

Answer: 16 J 2 marks
3 (2 marks)

Work = area under the graph M1

=% x4x10+4x10=60J Al

Answer: 60 J 2 marks
4 (2 marks)

W =[x%,2 M1

=8—-1=71J Al

Answer: 7 J 2 marks
5 (2 marks)

W = _£O'3 20x d x = [10x?] %3 M1

=09J Al

Answer: 0.9J 2 marks
6 (2 marks)

W = Lb Fdx B1

The area under the graph is the work done B1

Answer: W = [F dx 2 marks
7 (4 marks)

Work =area=%x6x12=36J M1 A1

36 = ¥(2)v? M1

v=6ms* Al

Answer: 6 m st 4 marks
8 (3 marks)

W= @+ dx=[x2+x,’ M1 AL

=20—2=18J Al

Answer: 18 J 3 marks
9 (3 marks)

4 . IIX
W:_g 6sm(T)dx M1
24 X

=[5 cos(—7)]o* Al

= % =153 Al

Answer: 15.3J 3 marks
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10 (4 marks)
W= [P@x+2)dx=[x?+24,°=15J
15 = ¥(3)v?
v=316ms™

Answer: 3.16 m s~!

11 (3 marks)
W= _L'mz 8e*dx=[—8e7"],"?

=—4+8=4)
Answer: 4]

12 (3 marks)
Extension = 0.3 m
W = ¥5kx? = ¥4(40)(0.09)
=181J
Answer: 1.8J

13 (4 marks)
x3 5

_8_.__16
=3-8=-31J

Negative, since the force opposes the displacement for 0 < x < 2

Answer: —1?6 J

14 (6 marks)
Areaof trapezium = %3 + 7)(8)
=40J
40 = Yy(4)v3 v=447Tms™?!
Work from2to5=3x8=24]
Answer: 447ms™, 24

15 (5 marks)
w= [*12x 2 dx=[-12x7Y,*
=—3+12=9J

9 = Y(2)vZ — ¥(2)(9)
v2=18,v=424ms*
Answer: 4.24m st

16 (4 marks)
Elastic energy = ¥2(50)(0.04) = 1J
1= ¥(0.4)v?
v=224ms?

Answer: 2.24 m st

17 (5 marks)
W =[3x — x?]?
=6—4=21J
2 = %(0.5)v? — ¥%0.5)(16)
v=490ms

Answer: 490 m s~*
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18 (5 marks)
Power of resistance = Fv = 6v? = 384e™4 M1 AL
Work = £ ® 384e~" dt M1
=96(1 — €79 Al
=96.0J Al
Answer: 96.0J 5 marks
19 (5 marks)
£3 kx? d x = 9k M1 A1l
k=4 Al
5, 4
[ axdx=3(125 - 27) M1
= 3—22 =131J Al
Answer: k=4,131J 5 marks
20 (5 marks)
Acceleration = 2t, so F =3 x 2t = 6t B1
Work = [*Fvdt= [“6t(t?+ 1) dt M1
_ 3t 2 2 _ _
=[5 +3t7"=24+12=36J M1 A1
Check: KEatt=2is%(3)(25) =37.5J, KEatt=0is%4(3)(1) = 1.5 J, change= 36 J Al
Answer: 36 J 5 marks
21 (8 marks)
_ 3%
(a) Work = [12x — T]O M1 A1
2
Yo(2)v? = 12x — 3% Al
2
Answer: v2 = 12x — 3% 3 marks
(b) Maximum where F=0: x = 4 M1
vi=48 — 24=124 Al
v=490ms? Al
Answer: 490mstatx=4 3 marks
(c)12x — 1.5x>=0,x =8 M1 Al
Answer: x =8 2 marks
22 (6 marks)
_ (R mgr?
@ Ww = _‘; 2 dr M1
= ngZ[-%]RZR Al
1 1 1
=mgR*(g — »r) = 3MgR Al
Answer: Thework done by gravity asthe particlefallsfromrestatr =2R tor =R is %ng 3 marks
(b) ¥amv? = ¥imgR M1
v =1gR = /9.8 x 6.4 x 10° Al
=7920ms™? Al
Answer: 7920 m st 3 marks
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23 (6 marks)
(2) W = Fd applies only for a constant force El
Here F varies with x so the work must be found by integration El
Answer: F isnot constant 2 marks
(b) W = [x%],? M1
=8J Al
Answer: 8J 2 marks
(c) Student used the maximum value of F over the whole distance El
so it is an over-estimate El
Answer: over-estimate 2 marks
24 (5 marks)
. S 2 33
Work done against the force = i: 0.5x“dx = 3 M1 Al
Loss of KE =%4(0.5)(36) =9 B1
s® _ 3_
5= 9,8 =54 M1
$=3.78m Al
Answer: 3.78 m 5 marks
25 (5 marks)
A small element of length d x of mass gd x = 2d x lies at height x above the ground B1
Raiseitby 3m: dwW =2x 9.8 x 3dXx M1
W:£3 58.8 d x M1 A1
=176.4J Al
Answer: 176.4 J 5 marks
26 (6 marks)
X 3
Work:‘[)v (6u— 2u®) du=3x*— 2% M1 AL
3
Yav? = 3x% — ZXT Al
vismaximal when F=0:x =3 M1
Yn?=27—18=9 Al
v=424ms Al
Answer: 424mstatx=3 6 marks
27 (10 marks)
(@) N2L: ma= —kv? M1
_ dv
a=Vay Al
. dv _ 2
Answer: mvgy = —kv 2 marks
(o) mSY = —kv M1
f%dv=—%fdx,lnv=—k—n);+c M1
v =uekm Al
Answer: v = u /M 3 marks
(c) Loss of KE = ¥mu? — Yamv? M1
V2 — uZe—2k></m Al
= 1omu?(1 — e~ 2m) Al
Answer: Thework done against theresistance in the first x metresis¥mu?(1 — e=%*m) 3 marks
(d) e M= 7 ML
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min2

X == Al
mIn 2
Answer: x = K 2 marks
28 (12 marks)
(8) 29 = 12t — 3¢ M1
— 3t2 _ E
V= 3 M1 A1
t3
Answer: v =3t? — > 3 marks
(b) x = £t vdt M1
_a_ t
=t'- 3 Al
t4
Answer: x =t° — = 2 marks
(CAtt=4v=48—-32=16ms }, x=64—32=32m M1 Al
Work-energy: ¥(2)(16%) = 256 J M1
3
Integral: [ (12t — 393 — %) dt=256J AL
Answer: 256 J 4 marks
3
(d) P=Fv = (12t — 3)(32 — +), evaluate over the nterva M1
P(t) = 3t3(4 — t)(6 — 1)/2 Al
Maximum value 127 W Al
Answer: 127 W 3 marks
29 (10 marks)
r 2
(a) Work by gravity = —£ mg;? ds M1 Al
_ 21 1
= —mgR (ﬁ ; Al
Yvomv? — vsmu? = this, giving the result Al
Answer: The speed v at distancer satisfiesv? = u? — Zng(% - %) 4 marks
(b) Need v? = O asr — «: u?> = 2gR M1 AL
u=+20R Al
Answer: \/ZgR 3 marks
(€ u=12x98x6.4x 10° M1
=11200ms™* Al
Answer: 11200 m s™* 2 marks
2
(d) With constant g the height would be ;—g which is finite, but the real force weakens with El
distance
Answer: g decreases with height 1 mark
30 (10 marks)
(@W = [""(9000 — 4x) d x M1
= 9000 x 1500 — 2 x 15007 Al
=9000000J Al
Answer: 9 000 000 J 3 marks
(b) Net work = [*(9000 — 4u — 6000) d u = 3000x — 2x> M1 A1
= 15(5000)v? Al

stemup.co.uk | page 28



StemUp | Further Mathematics | Further Mechanics: Work, Energy and Power | Model Answers

2

Answer: The speed v at x satisfies 5000 x V7 =3000x — 2x?for x within the range
(c) Net force zero when 9000 — 4x = 6000, x = 750

Y(5000)vZ = 2 250 000 — 1 125 000 = 1 125 000

v=212ms?

Answer: 21.2m s tat x = 750

(d) 3000x = 2x2, x = 1500 m

Answer: 1500 m
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