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Work Done
1 (2 marks)
Work done = force x distance M1
=40x 12=480J Al
Answer: 480 J 2 marks
2 (2 marks)
At constant speed the lifting force equals the weight: 5 x 9.8 = 49 N M1
Work done=49 x 3=147J Al
Answer: 147 J 2 marks
3 (2 marks)
Work done=F dcos 9 M1
=30x%x8xcos60° =120J Al
Answer: 120 J 2 marks
4 (2 marks)
Work done against friction = friction x distance M1
=12x5=60J Al
Answer: 60 J 2 marks
5 (2 marks)
The force of the hand is vertical (equal to the weight) and the displacement is horizontal El
Work = F d cos 90° = 0, because the force has no component in the direction of motion E1
Answer: Force perpendicular to motion, sowork =0 2 marks
6 (3 marks)
Component of weight down the slope: 2 x 9.8 x sin 30° = 9.8 N M1 A1
Work done=9.8x5=49J Al
Answer: 49 ] 3 marks
7 (4 marks)
(8 W =T d cos 40° = 25 x 10 x cos 40° M1
=192J Al
Answer: 192 J 2 marks
(b) 12x10=120J B1
Answer: 120 J 1 mark
(c) 192 — 120=7151J Al
Answer: 71.5J 1 mark
8 (3 marks)
Tension = weight = 250 x 9.8 = 2450 N M1 Al
Work done = 2450 x 12 = 29400 J = 29.4 kJ Al
Answer: 29.4 kJ 3 marks
9 (5 marks)
Newton's second law: F — 300 = 1200 x 1.5, so F = 2100 N M1 A1l
Distance: s = % x15x82=48m M1 A1l
Work done = 2100 x 48 = 100800 J Al
Answer: 100800 J 5 marks
10 (4 marks)
() 80x 6=480J B1
Answer: 480 J 1 mark
(b) Component of weight down the slope = 10 x 9.8 x sin 20° M1
Work =10 x 9.8 x sin 20° x 6 =201 J Al
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Answer: 201 J 2 marks
(c)15x6=90J B1
Answer: 90 J 1 mark
11 (3 marks)
(a) Work = mg x vertical drop M1
=70 x 9.8 x 150 = 102900 J Al
Answer: 102900 J 2 marks
(b) Only the vertical displacement matters, since gravity acts vertically and the work done is mg El
multiplied by the vertical drop
Answer: Depends on vertical drop only 1 mark
12 (5 marks)
(8) 3x32=9.6m B1
Answer: 9.6 m 1 mark
(b) Work = mgh =60 x 9.8 x 9.6 M1
=5640J Al
Answer: 5640 J 2 marks
(c) Total mass 65 kg: 65 x 9.8 x 9.6 M1
=6120J Al
Answer: 6120 J 2 marks
13 (7 marks)
(@) Vertical: R+ Fsin25° =12 x 9.8, so R=117.6 — F sin 25° M1 A1
Horizontal (constant speed): F cos 25° = 0.3R M1
F cos 25° = 0.3(117.6 — F sin 25°) Al
F=341 Al
Answer: 34.1 N 5 marks
(b) W =Fd cos 25° = 34.1 x 15 x cos 25° M1
=464 Al
Answer: 464 J 2 marks
14 (7 marks)
(8 W=5x98xsn35°x8 M1
=225 Al
Answer: 225 2 marks
() R=5%9.8x cos35° so F=0.2R=8.03N M1 Al
Work =8.03x 8=64.2J Al
Answer: 64.2 J 3 marks
(c) Net work = 225 — 642 = 161 J= 3 x 5 x V2 M1
v=802ms™ Al
Answer: 8.02m s™* 2 marks
15 (4 marks)
Component of weight along the road: 900 x 9.8 x 2—10 =441 N M1 Al
Driving force at constant speed: 441 + 400 = 841 N M1
Work = 841 x 2000 = 1.68 x 10° J Al
Answer: 1.68 x 10° J 4 marks
16 (4 marks)
(a) Work done = area under the graph M1
Triangles: % x 2 x 40 = 40 J each, rectangle: 4 x 40 = 160 J M1
Total =40+ 160 + 40 =240 J Al
Answer: 240 J 3 marks
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(b) 22 =30N

Answer: 30 N

17 (4 marks)
(a) Height gained =5 sin 15° = 1.29 m
Work =30 % 9.8 x 1.29=2380J
Answer: 380 J
(b) Work against friction=20x 5=100J
Work by tension = 380 + 100 = 480 J
Answer: 480 J

18 (5 marks)
(a) 270 x 6 =1620J
Answer: 1620 J
(b) 25x9.8x6=1470J
Answer: 1470 J
(c) Net work done on the load = 1620 — 1470 = 150 J

150=%><25><v2

v=346ms?

Answer: 3.46 m s™!

19 (5 marks)
(8 W =Fdcos30° =50 x5 x cos 30°
=217
Answer: 217 J
(b) R=14x9.8+50sin30°=162 N
Friction=0.2R =324 N, sowork =324 x 5=162 J
Answer: 162 J

20 (9 marks)
(@B:2g—T=2aA: T—025x3g=3a
Add: 2g — 0.75g = 5a, so a=2.45m s 2
T=2(9.8—245)=147N
Answer: a=245ms™3 T=147N
(b) OnA: 14.7 x 1.5=22.05J
On B: —22.05 J (the tension opposes the motion of B)
Answer: +22.05J on A, —22.05J on B
(c) Work against friction =0.25 x 3 x 9.8 x 1.5=11.025J
Net work on A = 22.05 — 11.025 = 11.025 J

v2=2x245x%x15=735 50 KE = % x 3 x 7.35=11.025 J, equad
Answer: Both equal 11.025 J

21 (8 marks)
(a) Tension at the top supports the bucket and the hanging rope
T=5g+0.4x x g=(5+ 0.4x)g
Answer: shown

(b) Work = [** (5+0.4x) x 9.8 d x

= 9.8[5x + 0.2x%,*

=9.8x (100 + 80) = 1764 J

Answer: 1764 J

(c) Bucket: 5% 9.8 x 20=980J

Rope of mass 8 kg has its centre of mass raised 10 m: 8 x 9.8 x 10 = 784 J, total 1764 J
Answer: 1764 J
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22 (6 marks)
(@) Work = jf (3x?% + 2x) d x
= [x* +x7,*
=(64+16) — (1+1) =78

Answer: 78 J
(b) GaninKE=78J

1 2 1 2 _
Exzxv —Exzxz =78

v2=82,s0v=906ms?
Answer: 9.06 m st

23 (8 marks)
(a) Perpendicular to the plane: R = 4g cos 20° + 50 sin 20°
=539N
Answer: 539 N
(b) Component of the force along the plane: 50 cos 20°, so W =50 cos 20° x 5=235 ]
Against gravity: 4 x 9.8 xsin20° x 5=67J
Answer: 235 J and 67 J
(c) Friction = 0.3R = 16.2 N, work against friction = 80.9 J
Net =235 — 67 — 80.9=87J
Answer: 87 J

24 (7 marks)
() Driving force = 1100 x 9.8 x 5 + 250 = 6812 N

Work = 681.2 x 3000 = 2 043 600 J

Answer: 2 043 600 J

(b) Gravity does —1100 x 9.8 x 120 on the uphill and +1100 x 9.8 x 100 on the downhill
Net = 1100 x 9.8 x (—20) = —215 600 J

Answer: —215 600 J

(c) Braking force = 1100 x 9.8 x 2—10 —250=289N

Work = 289 x 2000 = 578 000 J
Answer: 578 000 J

25 (9 marks)
(a) Work = area under the graph

I X3xX28+4x24+ 3 x3x24

=168J
Answer: 168 J
(b) Work against friction =6 x 10 =60 J

Net work = 108 J= 5 x 5 x v2

v=657ms
Answer: 6.57 ms”
() KEatx=10is108J

Work against friction over afurther distance s: 6s = 108
s=18m

Answer: 18 m

1

26 (10 marks)
(& AB=(6i +4j)m
W, =F AB=4x6+3x4=36J
W,=F,AB=—1x6+5x4=14]
Answer: AB=(6i +4)) m,W1=36J, W2=14J
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(b)F=F, +F, =@ +8)N B1
FAB=3x6+8x4=50J M1
=36 + 14, asrequired Al
Answer: 50J=36J + 14 J 3 marks
_FRAB 14
(c) cos O = FJAB] ~ 26 x Y52 M1 Al
0 =67.6° Al
Answer: 67.6° 3 marks
27 (8 marks)
(a) Mass per unit length = g =2kgm™ M1
Weight =2 x 9.8 x x =19.6x N Al
Answer: 19.6x N 2 marks
(b) The pulling force when x metres hangs equals 19.6x M1
Work = [* 10.6x d x = [9.8x7]} M1
=9.81J Al
Answer: 9.8J 3 marks
(C)Work=‘£h Agxdx M1
= %)\g h? Al
h=2: % x 2% 9.8 x4 =39.2J (four times as much) Al
Answer: 39.2J 3 marks
28 (8 marks)
@AB=(7T—121)i+(4—2)j=(6i+2))m B1
Answer: 6i + 2j 1 mark
(b)W=F-AB=3x6+4x2 M1
=261J Al
Answer: 26 J 2 marks
(©) [Fl =5 and |AB| = /40 B1
cosO = 2% M1
5/40
0=347° Al
Answer: 34.7° 3 marks
(dAC=6:W=3%x6=18J,CB=2: W=4x2=8J; total 26 J M1
Work by a constant force depends only on the displacement vector AB, not the path El
Answer: 26 J 2 marks
29 (10 marks)
(a) Treat car and trailer together: D = 1400 x 9.8 x % + 450 M1
D =686 + 450 = 1136 N Al
Work = 1136 x 2000 = 2.27 x 10° J Al
Answer: 1136 N, 2.27 x 10° J 3 marks
(b) Trailer: T =400 x 9.8 x zio + 150 M1 Al
T =346 N, work = 346 x 2000 = 6.92 x 10° J Al
Answer: 346 N, 6.92 x 10° J 3 marks
(c) Whole system: D — 450 — 686 = 1400 x 0.2, so D = 1416 N M1 Al
Trailer: T — 196 — 150 =400 x 0.2, s0 T = 426 N M1
Work = 426 x 500 = 2.13 x 10° J Al
Answer: D = 1416 N, work = 2.13 x 10° J 4 marks
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30 (10 marks)
(@ 12x — 3x*=3x(4 —x)=0,s0x=0o0r x = 4 M1 Al
Maximum at x = 2 by symmetry (ord F/dx =12 —6x=0): F=24 —12=12N Al
Answer: x =0, 4; greatest F =12 N 3 marks
(b) Work = [* (12x — 3x?) d x M1
=[6x% — x7]* Al
=96 —64=32J Al
Answer: 32 J 3 marks
(c)%X4><v2=32 M1
v=4ms? Al
Answer: 4m st 2 marks
(d) Work = [6x? — x%],° =216 — 216 =0 M1
Net work is zero so its kinetic energy is zero: the particle is instantaneously at rest at x = 6 El
Answer: Work = 0; at rest 2 marks
Kinetic and Potential Ener gy
1 (2 marks)
KE = %mv2 M1
= % x 1500 x 20? = 300000 J (300 kJ) Al
Answer: 300 kJ 2 marks
2 (2 marks)
PE = mgh M1
=4x9.8x12=4704] Al
Answer: 470.4 J 2 marks
3 (2 marks)
%XO.va2=4O M1
v2=400,sov=20ms*! Al
Answer: 20m s™! 2 marks
4 (2 marks)
Increase = mg x (change in height) M1
=6x98x7=4116J Al
Answer: 411.6 J 2 marks
5 (2 marks)
Gain:%XZX(72—32) M1
=40J Al
Answer: 40 J 2 marks
6 (2 marks)
05x98xh=147 M1
h=3m Al
Answer: 3m 2 marks
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7 (4 marks)
Loss of KE = % x 900 x (25% — 10%)

= 236250 J

Work done by resistance = F x 60 = loss of KE
F=39375N

Answer: 39375 N

8 (4 marks)
(8) 3 x 04 x 152 =45
Answer: 45 ]
(b) At the highest point KE = 0 and all the KE has become PE
04x98xh=45
h=115m
Answer: 11.5m

9 (4 marks)
PElost=3x9.8x20=588J
KE gained = 588 J

2 x3xv?=588

v=198ms?
Answer: 588 J,19.8m st

10 (4 marks)
Initial KE = 5 x 0.02 x 400° = 1600 J

Work done by resistance: R x 0.25 = 1600
R =6400 N
Answer: 6400 N

11 (5 marks)
(8) 3 x 80 x (8% — 129)
= —3200J
Answer: —3200 J
(b) 80 x 9.8 x 6 =4704 J
Answer: 4704 J
(c) Work done by cyclist = change in KE + change in PE
= —3200 + 4704 = 1504 J
Answer: 1504 J

12 (4 marks)
Net force=30 — 10=20N
Net work =20 x 6 =120J

%X5xv2:120

v=693ms*

Answer: 6.93m st

13 (4 marks)
Start: PE=05%x9.8x10=49J KE=0
A:PE=05x98x7=343J
B:PE=19.6Jand C: PE=0
KE =49 — PE at each point: 14.7 J, 29.4 J, 49 J (total energy stays 49 J)
Answer: Seetable
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Start A B C
Height above ground (m)10 7 4 0
Potential energy (J) 49 34.3 19.6 0
Kinetic energy (J) 0 14.7 294 49
14 (6 marks)
Initid KE = 2 x 4x 8 =128 B1
R=4x9.8xcos30°=33.9N, friction F=0.2R=6.79 N M1 A1l
Resistive force along the plane =4 x 9.8 x sin 30° + F = 26.4 N M1
Work done against it over d metres equals initial KE: 26.4 d = 128 M1
d=4.85m Al
Answer: 4.85m 6 marks
15 (6 marks)
(a) Work done by brakes = initial KE: 4800 s = % x 1200 x 152 M1 AL
$=28.125m Al
Answer: 28.125m 3 marks
2
(b) s= % = —1209())6;0900 =1125m M1 A1
KE is proportional to v2, so doubling the speed quadruples the KE that must be removed, and the El
braking force does work at the same rate per metre
Answer: Four times 3 marks
16 (6 marks)
Gainin KE = 3 x 8000 x (12° — 6?) = 432000 J M1 AL
Work by gravity = 8000 x 9.8 x 200 x 4—10 = 392000 J M1
Work against resistance = 500 x 200 = 100 000 J B1
432000 = 200F + 392000 — 100 000, so 200F = 140000 M1
F =700 N Al
Answer: 700 N 6 marks
17 (5 marks)
Changein KE = 5 x 0.3 (3 — 59 = —24J ML AL
Work by weight =0.3x 9.8 x2=5.88J B1
588 — 2R =—-24 M1
R=414N Al
Answer: 414 N 5 marks
18 (5 marks)
Total distance fallen by the hammer = 1.8 + 0.02 = 1.82 m B1
Total PE lost =50 x 9.8 x 1.82 =891.8 J M1
KE is zero at the start and the end, so this equals work against resistance: R x 0.02 M1 Al
R = 44600 N Al
Answer: 44600 N 5 marks
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19 (6 marks)
R =75x 9.8 x cos 30°, so friction = 0.1R = 63.7 N M1 Al
Work by weight component = 75 x 9.8 x sin 30° x 80 = 29400 J M1
Work against friction = 63.7 x 80 = 5090 J M1
Network:%X75xv2,sov2:648 M1
v=255ms?! Al
Answer: 255m st 6 marks
20 (6 marks)
(a) Just before: %mv2 =mgx2,s0vV=y2x98x2=626ms" M1 Al
Just after: v=12x98x12=485ms™* Al
Answer: 6.26 and 4.85m s™* 3 marks
(b) KE before=05x9.8%x2=9.8J M1
KE after =0.5x9.8x 1.2=5.88J Al
Energy lost =9.8 — 5.88 =3.92J Al
Answer: 3.92J 3 marks
21 (7 marks)
(a) Per unit mass, work against friction = 0.3 x 9.8 x 3=8.82 Jkg™* M1
1, 1 _
iV =3 x 36 8.82 M1
v=428ms Al
Answer: 428 m st 3 marks
(b) Smooth ramp: KE converts to PE: %vz =gh M1
184
h= %98 0.937 m Al
Distance along the ramp: d sin 25° = h M1
d=222m Al
Answer: 2.22 m 4 marks
22 (8 marks)
(a) Energy: %mv2 = %mu2 + mgH M1
v? = u? + 2gH depends only on u and H, not on the direction of the velocity (energy is a scalar) E1
vi=144+2x 9.8 x 15 =438 M1
v=209ms? Al
Answer: 209 m s! 4 marks
(b) Time depends on the vertical component of the initial velocity, which changes with direction El
Answer: Vertical component changes 1 mark
(c) Horizontal component remains 12 m s™* B1
v,” =438 — 144 M1
v,=171ms™* Al
Answer: 171 m st 3 marks
23 (8 marks)
(a) Initial KE = 5 x 0.2 x 207 =40 J B1
Resistive force while rising = weight + air resistance=1.96 + 0.5 =246 N M1
40 = 2.46h M1
h=16.3m Al
Answer: 16.3 m 4 marks
(b) While faling, net downward force=1.96 — 0.5=1.46 N M1 A1
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2 x02xV2=146%163 M1
v=154ms Al
Answer: 154 m st 4 marks
24 (6 marks)
Gainin KE=%><2000><(202— 10%) = 300 000 J M1 AL
Work by gravity = 2000 x 9.8 x 400 x 2—15 = 313600 J M1
Work by engine = 600 x 400 = 240 000 J B1
300 000 = 313600 + 240 000 — 400R M1
R=634N Al
Answer: 634 N 6 marks
25 (8 marks)
(@ sna= % cos o = %; resistive force per unit mass = g(sin o + 0.25 cos o) = 7.84 M1 Al
I xT2=7.84d M1
d=3125m Al
Answer: 3.125m 4 marks
(b) Weight component down the plane per unit mass 0.6g = 5.88 exceeds the maximum friction El
0.25 x 0.8g = 1.96, so it dlides back
Net force per unit mass down = 5.88 — 1.96 = 3.92 M1
2v2=392x 3125 M1
v=495ms? Al
Answer: 495m st 4 marks
26 (6 marks)
(a) Total fall = h +d, so PE lost = mg(h + d) M1
KE is zero at the start and at the end, so work against resistance Rd = mg(h + d) M1
R= —mg(r:j+ 9 Al
Answer: shown 3 marks
(b)R = 15x% gg x 4.2 M1
=308.7N Al
Answer: 308.7 N 2 marks
(¢) R increases, since the same energy must be removed over a shorter distance El
Answer: I ncreases 1 mark
27 (9 marks)
(a) Work done by brakes = loss of KE: Fs = %Mv2 M1
_ Mv?
S= SF Al
Answer: shown 2 marks
(b) (i) s « v?, so sismultiplied by 4 B1
(ii) s« M, so sismultiplied by 2 B1
Answer: x4 and x2 2 marks
(c) Gravity does positive work Mg sin a x s while braking does —Fs M1
O—%MVZ:Mgsinocs—Fs M1
B Mv?
5% 2F - Mgsna) A
F — Mgsina =5000 — 1200 x 9.8 x 0.1 = 3824 M1
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_ 1200 x 400

= ox3804 =62.8m Al
Answer: 62.8 m 5 marks
28 (9 marks)
(a) Energy from the start to the sea: %vz = % x 14?2 + 9.8 x 30 M1 A1l
v?=196+588 =784, so0v=28ms* Al
Answer: shown 3 marks
(b) KE onentry = 5 x 0.5 x 784 =196 J B1
Weight does 0.5 x 9.8 x 4 = 19.6 J of work while sinking M1
196 + 19.6 = 4R M1
R=539N Al
Answer: 53.9N 4 marks
(c) Energy conservation gives the same entry speed 28 m s™* since v2 = u? + 2gH does not depend E1
on direction
The motion in the water starts from the same state, so R is the same El
Answer: Same entry speed 2 marks
29 (9 marks)
(a) KE just after impact = 0.64 x KE just before = 0.64mg x 2.5 M1
This becomes PE: mgh = 0.64mg x 2.5, soh=1.6 m Al
Answer: shown 2 marks
(b) Each bounce multiplies the height by 0.64: h, = 2.5 x 0.64" B1
Answer: 2.5 x 0.64" 1 mark
(c) Down 2.5 m, then up and down for each bounce B1
Total = 2.5+ 2(2.5x 0.64 + 2.5 x 0.64% + .. M1
o B _ _ 16 _ 16
Geometric serieswitha= 1.6 and r = 0.64: sum = 3551 064 = 036 M1 A1
Total =25+2x4.444=11.39m Al
Answer: 11.39 m 5 marks
(d) A real ball stops bouncing after afinite time and air resistance is not zero (or the energy E1
fraction is not constant)
Answer: e.g. air resistance 1 mark
30 (9 marks)
(8 R =mg cos «, so friction = pmg cos B1
Work-energy: %mv2 =mgL sinx — pmg cos o L M1 Al
Hence v = 2gL(sin a — 11 cos &), which requiressin a. > p cos @, i.e. 1 < tan a El
Answer: shown 4 marks
(b) v> =2 x 9.8 x 50 x (sin 30° — 0.3 cos 30°) M1
v=153ms! Al
Answer: 153 m s™? 2 marks
(c) 100 = 2 x 9.8 x 50 x (0.5 — p cos 30°) M1
(0.5 — 0.10204)
0.5 — 0.866p =< 0.10204, sop = T 0s30° M1
B = 046 Al
Answer: p = 0.46 3 marks
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Conservation of Energy

1 (3 marks)

KE gained = PE lost: %mvzzmgx 5 M1

vZ=2x98x5=98 Al

v=99ms™ Al

Answer: 9.9 ms™! 3 marks
2 (3 marks)

Smooth slope, so mechanical energy is conserved: %mv2 =mgx 3 M1

v2 =588 Al

v=767ms? Al

Answer: 7.67m st 3 marks
3 (2 marks)

%mu2 = mgh M1

_ 14

h= 2%x08 10m Al

Answer: 10 m 2 marks
4 (2 marks)

%vz =g x 0.45 M1

v=297ms Al

Answer: 297 m st 2 marks
5 (2 marks)

%mu2 =mg x 20 M1

u=198ms™ Al

Answer: 19.8m s™! 2 marks
6 (3 marks)

Energy: %v2+g><2:%><82 M1

v2=64 —39.2=248 Al

v=498ms Al

Answer: 498 m st 3 marks
7 (4 marks)

Energy conserved: %vz +gx10= % x 32+ g x40 M1 AL

v?=9+2x9.8x30=597 M1

v=244ms? Al

Answer: 244 m st 4 marks
8 (3 marks)

1. _1 2

5V +g><8—2><20 M1 A1l

v =1/400 — 156.8 = 156 ms™* Al

Answer: 156 m st 3 marks
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9 (4 marks)
Vertical drop =6sin25° =254 m

%v2=g><6sin25°
v=7.05ms?

Answer: 7.05m s™!

10 (5 marks)
(@) Drop=1.2m: %vz =gx12

v=485ms*t

Answer: 4.85ms”
(b) Drop=1.2 — 1.2 cos60° =0.6 m

v=y2x98x06=343ms™"

Answer: 343 m st

1

11 (5 marks)
(@) PElost=2x9.8x 3=58.81J
KE gained = 2 x 2x 5 =25 ]

Energy lost =58.8 — 25=33.8J

Answer: 33.8J

(b) Work done against friction = F x 6 = 33.8
F=563N

Answer: 5.63 N

12 (4 marks)

Total mechanical energy = % x2x122=144]

When KE = PE, each equals 72 J
2x98xh=72 s0h=3.67m
Answer: 3.67 m

13 (5 marks)
Loss of PE of the5 kgmass=5x9.8x2=98J
GaninPE of the3kgmass=3x9.8x 2=58.8J

Net PE lost = 39.2 J = KE gained = 5(5 + 32

v=313ms?

Answer: 3.13m st

14 (5 marks)
Only B changesits PE: loss=2x 9.8 x 1.5=29.4J

Both particles gain KE: %(4 + 2)v?
3v? =294

v=313ms

Answer: 3.13m st

15 (5 marks)
Energy: % x 32=gh, soh=0.4592 m
h=15—- 15cos0

cos® =1~ 222 = 06939
0 = 46.1°
Answer: 46.1°
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16 (5 marks)
R = mg cos 20°, friction = 0.15mg cos 20° B1
Work by weight = mg x 5 sin 20°; work against friction = 0.15mg cos 20° x 5 M1
%mv2 = 5mg(sin 20° — 0.15 cos 20°) M1 AL
v=444mst Al
Answer: 444 m st 5 marks
17 (7 marks)
(8) 32 = 5 x 157+ 9.8 x 10 M1
v=205ms? Al
Answer: 20.5m st 2 marks
(b) The horizontal component 15 cos 40° is constant and the vertical component is zero at the top M1
Speed=115ms™? Al
Answer: 11.5m st 2 marks
(c) Energy: %(15 sin 40°)? = g h gives h above the start M1
_ (15sin40°)?% _
h_—2x9.8 =4.74m Al
Height above ground = 14.7 m Al
Answer: 14.7 m 3 marks
18 (5 marks)
(a) PE lost = 85 x 9.8 x 25 = 20825 J M1
KE gained = 3 x 85 x 15” = 9562.5 J M1
Energy lost = 11262.5 J Al
Answer: 11262.5 J 3 marks
(b) Work against resistance = R x 400 M1
112625 _
R= T‘O =28.2N Al
Answer: 282 N 2 marks
19 (5 marks)
Lossof KE = 2 x 600 x 3= 2700 J M1 AL
Lossof PE=600x 9.8 x2=11760J M1
Work done by tension (against motion) = 2700 + 11 760 = 2T M1
T=7230N Al
Answer: 7230 N 5 marks
20 (9 marks)
() PElostby B=4x9.8x1.2=47.04J;, PEgainedby A =6 x 9.8 x 1.2 sin 30° = 35.28 J M1 Al
Net = 11.76 3= 5 (6 + 4)v? M1
v=153ms™ Al
Answer: 1.53m st 4 marks
(b) Driving force=4g — 6g sin 30° =39.2 — 29.4=98N M1 Al
Maximum friction = 0.2 x 6g cos 30° = 10.2 N, which exceeds 9.8 N, so there is no motion E1l
Answer: No motion 3 marks
(c) mx6x9.8cos30° = 9.8 M1
p = 0.192 Al
Answer: p = 0.192 2 marks

stemup.co.uk | page 14



StemUp | A Level Mathematics | Mechanics: Work, Energy and Circular Motion | Model Answers

21 (7 marks)
(a) At the highest point the speed is the horizontal component u cos 6 B1
%m(u cos 0)2 + mgH = %mu2 M1
2 a2
gH = %uz(l — c0s%0) = %uz sn%0,so H = = ;‘; 0 Al
Answer: shown 3 marks
_ 625 x sin? 40°
(b)H= —5x98 M1
=132m Al
Answer: 13.2m 2 marks
(c)%v2+g><6=%><625 M1
v=225ms? Al
Answer: 225m s™! 2 marks
22 (8 marks)
(a) Work by weight of B=2x 9.8 x 1.5=29.4J M1
Work against friction=0.4 x 3x 9.8 x 1.5=17.64J M1 A1
294~ 17.64= 2 x 5x V2 M1
v2=4.704,s0v=217ms ! Al
Answer: 217 ms™! 5 marks
(b) After B lands the string is slack; friction decelerates A at 0.4g = 3.92 m s™2 M1
0=v?—2x392xs M1
s=0.6m Al
Answer: 0.6 m 3 marks
23 (7 marks)
(a) Energy: PE lost = work against friction M1
mg x 1.5=0.3mg x d M1
d=5m Al
Answer: 5m 3 marks
(b) Work against frictionover 3m=0.3x2x9.8x 3=17.64J M1 Al
Energy remaining asPE: 2 x 9.8 x 1.5 — 17.64=11.76 J M1
2x98xh=1176,soh=06m Al
Answer: 0.6 m 4 marks
24 (7 marks)
(a) Energy: %uz = % x 14°+9.8x 8 M1 Al
u?=3528,u=188ms™* Al
Answer: 188 m st 3 marks
(b) At the highest point the speed isu cos 0 = 10 M1
0=57.8° Al
Answer: 57.8° 2 marks
(c)%><102+gH=%u2 M1
H=129m Al
Answer: 129 m 2 marks
25 (7 marks)
(@) PElost =50 x 9.8 x 3=1470J B1
KE gained = 3 x 50 x 6% = 900 J M1
Energy lost =570 J Al
Answer: 570 J 3 marks
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(b) Work against resistance = F x 5 = 570 M1
F=114 N Al
Answer: 114 N 2 marks
(©) %mvz =umg x 9, so 18 = 88.2n M1
B =0.204 Al
Answer: 0.204 2 marks
26 (10 marks)
(8 PElostby B=3x9.8x1=294J PEganedby A=2x98x1xsn30°=98J M1 A1
196= 2 x5x V2 M1
v2=784,v=28ms! Al
Answer: shown 4 marks
(b) String slack: A decelerates at g sin 30° = 4.9 ms™2 M1
0=28"—-2x49xs M1
s=0.8m Al
Answer: 0.8 m 3 marks
(c) First stage: a= w =392 s0t, = % =0.714 s M1 AL
Second stage: t, = i—'g =0.571 s, total =1.29 s Al
Answer: 1.29 s 3 marks
27 (9 marks)
(8) 3 x 70 x 9% = 2835 J B1
Answer: 2835 J 1 mark
(b) 70 x 9.8 x h=2835 M1
h=4.13m Al
Answer: 413 m 2 marks
(c) Energy available = 0.8 x 2835 = 2268 J M1 A1
Energy at the top: mgh + % x 70 x 1.2° = 2268 M1
h=323m Al
Answer: 3.23 m 4 marks
(d) No energy lost, for example to the flexing of the pole or to air resistance El
All the kinetic energy (including the horizontal component) can be converted to potential energy, E1
and the vaulter is a particle
Answer: No losses; all KE converted 2 marks
28 (10 marks)
2 2
(a) Height above the x-axisisy = XT, so thedrop from A is4 — XT M1
1 x2
ivz =g(4—7) M1 Al
2 x? 2
v:g(8—7):§(16—x) Al
Answer: shown 4 marks
(b) x =2:v?= 9;28(12) =588,v=767ms* M1 AL
x=0:v?= 2 x 16=784,v=885ms"! AL
Answer: 7.67 and 8.85m st 3 marks
(c) Tota energy = 4mg B1
KE=PE=2mg,soy =2 M1
2
7 =2,x =8 = 2.83, so the point is (2.83, 2) AL
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Answer: (2.83, 2)

29 (11 marks)
(a) Work by weight of B=1x9.8%x 0.8=7.84J
Work against friction =1 x 4 x 9.8 x 0.8 = 31.36pn
2(4+1)v? =784 — 3136p
Answer: shown
(b) A decelerates at ng: 0 = v — 2ug x 0.6
vZ=1176p
Answer: v2 = 11.76p
(c) 25x11.76p = 7.84 — 31.36pn
60.76p = 7.84

p=0.129
Answer: 0.129
1x98—-1x4x%x98

(d) System: a= c =0.948ms2

B:1x98—-T=1xa,s0T=885N
Answer: 885N

30 (12 marks)

(a) Length of string BP=40.62+ 0.82 =1 m

Chasrisen1 —08=02m

The component of the velocity of B along the string is v cos ¢ = 0.6v, which is the speed of C
Answer: shown

(b) Lossof PE of B =0.2 x 9.8 x 0.6; gain of PE of C=0.5x% 9.8 x 0.2

Energy: 029 x 0.6 — 05 X 0.2= 3 x 02v2 + 3 x 05 x (0.6v)’

0.196 =0.19v’sov=1.02ms*
Answer: 1.02 m s™!

(c) Let the bead descend d m: the string BP has length y/d? + 0.64, so C risesd” + 0.64 — 0.8
Atrest KE=0,s00.2gd = 0.59(\/d2 +0.64 — 0.8)

\/d2 +0.64 =0.4d +0.8
d? + 0.64 = 0.16d? + 0.64d + 0.64, so 0.84d? = 0.64d
d= % = ;—? m (d = O is the starting position)

16
Answer: 21 m

Power

1 (2 marks)
P=Fv
=800 x 15=12 000 W = 12 kW
Answer: 12 kW

2 (2 marks)

work done
PoWer = ime

360 _
=55 = 18 kW
Answer: 18 kW
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3 (3 marks)
At maximum speed the acceleration is zero, so driving force = resistance

_ P _ 40000
F=V="2
R =2000 N
Answer: 2000 N

4 (3 marks)
At constant speed, force = weight = 80 x 9.8 = 784 N
P=784x05=392W
Answer: 392 W

5 (4 marks)
30 000

Driving force F = —1p — 3000 N

N2L: 3000 — 800 = 1200a
a=183ms?
Answer: 1.83 m s™2

6 (4 marks)

Constant speect: F = 500 +900 x 9.8 =t

F =500+ 588 = 1088 N
P =1088 x 18 = 19584 W
Answer: 19584 W (19.6 kW)

7 (4 marks)
At maximum speed, driving force = resistance: 5 = 40v
P=40v%, sov2= 2% = 900
v=30ms
Answer: 30m st
8 (5 marks)
(a) At maximum speed F = R = 1500 N
_ 60000 _ .
V=0 40ms
Answer: 40 m s™!

(b) F=22% = 3000 N

3000 — 1500 = 6000a
a=0.25ms™?
Answer: 0.25 m s™2
9 (4 marks)
Per second the pump raises 10 kg of water
PE gained per second =10 x 9.8 x 12 = 1176 J
KE gained per second = 2 x 10 x 42= 80 J

Power = 1176 + 80 = 1256 W
Answer: 1256 W

10 (4 marks)
Useful (output) power = 150 x 9.8 x 0.6 = 882 W
Efficiency = ?lrﬁﬁt SO input = %
=1102.5W

Answer: 11025 W
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11 (4 marks)
Driving force at constant speed: F = 70 x 9.8 x 0.04 + 15 M1
F=4244N Al
_P_ 250
TFT 424 M1
=589ms™t Al
Answer: 589 m s™* 4 marks
12 (7 marks)
(a) Driving force = % = 3000 N B1
Whole system: 3000 — 500 = 1600a M1 Al
a=1.5625ms™2 Al
Answer: 1.5625 m s~2 4 marks
(b) Caravan: T — 200 = 600a M1
T =200 + 600 x 1.5625 Al
=11375N Al
Answer: 1137.5N 3 marks
13 (9 marks)
(a) Level: P=30R B1
Hill: P= 20(R + 1000 x 9.8 X ) = 20(R + 490) MLAL
30R = 20R + 9800, so R =980 N Al
P =30 x 980 = 29400 W Al
Answer: R =980 N, P = 29400 W 5 marks
(b) Driving force = 292—4(1)00 =1470N B1
Down the hill: 1470 + 490 — 980 = 1000a M1 Al
a=098ms™? Al
Answer: 0.98 m s—2 4 marks
14 (7 marks)
(a) (i) F = 4500 N, so 4500 — 1000 = 1500a, a = 2.333 m 52 M1 AL
(ii) F = 2250 N, s0 2250 — 1000 = 15003, a = 0.833 m 52 M1 A1
Answer: 2.333 and 0.833 m s72 4 marks
(b)ya=0: F=R=1000 N M1
_ 45000 _ _
=000 " 45ms Al
Answer: 45m st 2 marks
(c) Driving force = 5 decreases as v increases, so the net force decreases El
Answer: F = P/v decreases 1 mark
15 (5 marks)
Gain in KE = 5 x 5000 x (157 — 5?) = 500000 J M1 AL
Work done against resistance = 2000 x 200 = 400 000 J B1
Work done by engine = 40 000t = 500000 + 400 000 M1
t=225s Al
Answer: 225s 5 marks
16 (7 marks)
(a) Constant speed: resistance = component of weight down the slope M1
R'= 4000 x 9.8 X -5 = 1960 N AL
Answer: shown 2 marks
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(b) Driving force = 1960 + 1960 = 3920 N M1 Al
P = 3920 x 20 = 78400 W Al
Answer: 78400 W 3 marks
60000
(cv= 3990 M1
=153ms™t Al
Answer: 153 m s™! 2 marks
17 (7 marks)
(8 T—500x98=500x%0.4,s0T=5100N M1 Al
v=0+04x5=2ms! B1
Answer: T=5100N,v=2ms™ 3 marks
(b) P=Tv =5100 x 2 = 10200 W Al
Answer: 10200 W 1 mark
(c) Distance = % x04x5°=5m B1
Work done = 5100 x 5 = 25500 J M1
Average power = @ = 5100 W Al
Answer: 5100 W 3 marks
18 (6 marks)
(@) Volume per second =5%x 107#x 8=4x 103 m® M1
Mass per second = 1000 x 4 x 1073 = 4 kg Al
Answer: shown 2 marks
(b) 5 x 4% 8 M1
=128 W Al
Answer: 128 W 2 marks
(c) Raising: 4 x 9.8 x 5=196 W M1
Total =128 + 196 = 324 W Al
Answer: 324 W 2 marks
19 (9 marks)
(a) At maximum speed: 5 = kv, s0 50 000 = k x 40° M1
k=3125 Al
Answer: shown 2 marks
50 000
(b) F= 55— =2500 N, R=31.25 x 20 = 625 N M1 AL
_ 2500 — 625 _ _
a= — 1500 1.25ms Al
Answer: 1.25m s—2 3 marks
(c) Steadly speed: -, = 31.25v + 1500 x 9.8 x = = 31.25v + 735 ML AL
Multiply by v: 31.25v2 + 735v — 50 000 = 0 Al
_ 2
yo o735t {735 +6; ; 3125%50000 _ 500 1 "
Answer: 29.9m st 4 marks
20 (9 marks)
(a) Force needed to pull the three trucks at constant speed: 3 x (10 000 x 9.8 x % + 500) M1 A1
=3x1725=5175N Al
Answer: 5175 N 3 marks
(b) Two trucks behind: 2 x 1725 M1
=3450 N Al
Answer: 3450 N 2 marks
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(c) Locomotive: D = T, + 2000 + 40 000 x 9.8 x % M1 Al
= 5175 + 2000 + 4900 = 12075 N Al
P = 12075 x 12 = 144900 W (144.9 kW) Al
Answer: 144900 W 4 marks
21 (7 marks)
(@) Tension T: T — 800 x 9.8 — 400 = 800 x 0.5 M1 Al
T =8640 N Al
_ 12000 _ 1
= 8610 - 1.39ms Al
Answer: 1.39m st 4 marks
(b) At maximum speed a=0: T = 7840 + 400 = 8240 N M1 Al
_ 12000 _ 1
= a0 " 146 ms Al
Answer: 1.46 m s™* 3 marks
22 (8 marks)
(a) Driving force = % =1400 N B1
1400 = R + 1200 x 9.8 - = R + 588 M1
R=812N Al
Answer: 812 N 3 marks
(b) Down the hill: F+ 588 = R, so F = 812 — 588 = 224 N M1 A1
P =224 x 10 = 2240 W Al
Answer: 2240 W 3 marks
(0 F=R=812N M1
14000 _ -
= W =17.2ms Al
Answer: 17.2m st 2 marks
23 (6 marks)
Gainin KE = % x 8000 x (122 — 82) = 320000 J M1 AL
Gain in PE = 8000 x 9.8 x 250 x % = 490000 J M1 A1l
Work against resistance = 1500 x 250 = 375000 J B1
60 000t = 320000 + 490000 + 375000, sot = 19.75 s Al
Answer: 19.75 s 6 marks
24 (6 marks)
(a) Resistance R = kv? B1
At constant speed P = Rv = kv? Al
Answer: shown 2 marks
(b) P o v3: P=8 % (50)° M1
=27 kKW Al
Answer: 27 kKW 2 marks
vi 40 _
(© ﬁ =g~ 5 M1
v=20x5¥=342ms™? Al
Answer: 34.2ms™! 2 marks
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25 (10 marks)
(a) No pedalling and constant speed, so resistance = component of weight down the slope M1
80 x 9.8 x - = 31.36 = k x 72 M1
k=0.64 Al
Answer: k = 0.64 3 marks
(b) Driving force = resistance + weight component = 31.36 + 31.36 = 62.72 N M1 Al
Power = 62.72 x 7 =439 W Al
Answer: 439 W 3 marks
(c) 500 = Fv where F = 0.64v? + 31.36 M1 AL
0.64v® + 31.36v — 500 =0 Al
Solving numerically, v = 7.46 ms™* Al
Answer: 7.46 m s™! 4 marks
26 (7 marks)
(a) Driving force F + 20 = 75 x 9.8 x sin 5° + 30 M1 Al
F=64.06 + 10 = 74.06 N Al
Power = 74.06 x 3 =222 W Al
Answer: 222 W 4 marks
(b) F =22 and F + 20 = 64.06 + 30 M1
290 = 74.06 AL
v=405ms? Al
Answer: 405m st 3 marks
27 (10 marks)
(a) Driving force = 5; N2L: 20000 _ 800 = 1000 z—\t/ M1
Multiply by v Al
Answer: shown 2 marks
b) Separate the variables: d t = =2 __ ¢
(b) Separate the variables: = 56000 = 8oov 9V M1
Integrate betweenv =5and v = 15 Al
Answer: shown 2 marks
25
. v _ 1 800
() Write 556560 —800v ~ 800 T 25— v ML AL
v 25
Integrate: —555 ~ Boo In(25 — v) [for v < 25] M1 Al
Y 25
t=1000[—%—%ln(25—v)] fromv=5tov =15 M1
t = 1000(—0.0125 + 0.03125 In %) =1000(—0.0125 + 0.03125In2) =9.16 s Al
Answer: 9.16 s 6 marks
28 (12 marks)
3 _ 60000 _ 1
(a) Power = Fv reaches 60 kW when v = 2000~ oms M1 A1
_ 4000 - 1000 _, >
—i500 _ -2ms M1 A1
_15 _
t=>= 75s Al
Answer: 7.5s 5 marks
(b) At the maximum speed F = R = 1000 N, with P = 60 kW M1
_ 60000 _ o0
= oo _oYmS Al
Answer: 60 m s™! 2 marks
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(c) GaininKE = % x 1500 x (30% — 157%) = 506250 J M1 AL
Work against resistance = 1000 x 300 = 300 000 J B1
60 000t = 506250 + 300 000 M1
t=1344s Al
Answer: 13.44 s 5 marks
29 (11 marks)
@v=[ 6-9ds M1
=[6s — %sz] o Al
e 1
= 6t 2t Al
Answer: shown 3 marks
(b) Att=3:a=3andv=18 — 45=135 M1 Al
P=80x 3x13.5=3240 W Al
Answer: 3240 W 3 marks
(c) P=80(6 — 1)(6t — 5t9) = 8036t — 92 + Ht°) ML AL
9P = 80(36 — 181+ 31) = 0,012 — 12t +24=0 M1
t=6 — /12 = 2.536 (the root in [0, 6]) AL
Prex = 3330 W Al
Answer: 3330 W 5 marks
30 (10 marks)
(8) Up: 75 = 10Kk + 2000 x 9.8 X = = 10k + 980 M1 AL
Down; Z—F()) + 980 = 20k M1 A1
Eliminate P: 10(10k + 980) = 20(20k — 980), so 300k = 29 400, k = 98; P = 19 600 W Al
Answer: k =98, P =19 600 W 5 marks
(b) P = kv 98v2 = 19 600 M1
v=1200=141ms™?! Al
Answer: 141 m s™! 2 marks
(c) Stearly speed: kv = 2000 x 9.8 x - = 980 M1
_ 980 _ _1
V=55 = 10ms Al
Answer: 10m s™! 2 marks
(d) Dividing by 98: v? + 10v — 200 = (v — 10)(v + 20) =0, so v = 10 E1
Answer: Consistent 1 mark
Uniform Circular Motion
1 (3 marks)
_2ux5 _m _ 1
0 -5 - 1571rad s M1 AL
V=rw=08x1571=126ms* Al
Answer: w =1571rad s}, v=126ms™?t 3 marks
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2 (2 marks)
V2
a= T M1
_64 _ -2
=5 = 32 m s~ 4, directed towards the centre Al
Answer: 32 m s™2 towards the centre 2 marks
3 (2 marks)
_ 2o
T= o M1
=2 =2095 AL
Answer: 2.09 s 2 marks
4 (2 marks)
_ V2 _ 100 _ —2
(a)a—T—W—st B1
Answer: 2m s™2 1 mark
(b) F=ma= 1200 x 2=2400 N B1
Answer: 2400 N 1 mark
5 (3 marks)
The tension provides the centripetal force El
T=mrw?=04x 0.6 x 52 M1
=6N Al
Answer: 6 N 3 marks
6 (4 marks)
Friction provides the centripetal force; at the limit F = pR = umg M1
_ 2 2_Pg _ 04x98
Mg = Mrw*, 0 w* = == = —575 M1
w=572rads™? Al
_ 60 _ N
=572 % 5 54.6 rev min Al
Answer: 5.72rad s™' =54.6 rev min~! 4 marks
7 (4 marks)
2
Friction provides the centripetal force: F = mTV M1
R= mg, I:max =pumg B1
mV2 2
umg = —g5-, SOV =0.5x%x9.8x60=29 M1
v=171ms Al
Answer: 171 m st 4 marks
8 (4 marks)
2
Resolve vertically: R cos 8 = mg; horizontally: R sin 6 = g M1 AL
o _vZ_ 64
Divide: tan 6 = 9= 2098 M1
0=18.1° Al
Answer: 18.1° 4 marks
9 (6 marks)
(a) Vertically: T cos 30° = mg M1
_04%x98 _
T="s30° = 453N Al
Answer: 453 N 2 marks
(b) Radiusr =1.2sin30° =0.6 m B1
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Horizontally: T sin 30° = mrw?, so w? = m =9.43 M1 AL
w = 3.07 rad s7%, period = %H =205s Al
Answer: w =3.07rads™, T=205s 4 marks

10 (5 marks)
The only forces are the weight and the normal reaction R B1
Verticaly: R cos 12° = mg M1

2
Horizontally (towards the centre): R sin 12° = % M1
o — V2

tan 12° = 8_Og Al
v=129ms Al
Answer: 129 m st 5 marks

11 (6 marks)
(a) Limiting friction umg provides the centripetal force: pmg = mrw? M1
2= 0'60"59'8 =11.76 AL
w=343rads™! Al
Answer: 3.43rad st 3 marks
(b) Centripetal force needed = mrw?=0.3x 0.5 x 16 = 2.4 N M1
Friction (limiting) = 0.6 x 0.3 x 9.8 = 1.764 N acts towards the centre B1
T+1764=24,50T=0.636N Al
Answer: 0.636 N 3 marks

12 (5 marks)

2
(a) Towards the centre (downwards): mg — R = g M1 Al
R=9800 — 20X 1% — 7300 N AL
Answer: 7300 N 3 marks
mv?

(b)R:O:mg:T,sovzzgr:392 M1
v=198ms Al
Answer: 19.8m st 2 marks

13 (6 marks)
(@r=3+4sin30°=5m B1
Answer: shown 1 mark
(b) T cos30° =80 x 9.8 M1
T=905N Al
Answer: 905 N 2 marks
(c) T sin 30° = mrw?, so mg tan 30° = m x 5 x w? M1 AL
w=106rads™* Al
Answer: 1.06 rad s™* 3 marks

14 (5 marks)

mv?
(a) Towardsthe centre: T + mg = - M1 Al
_02x16 _
T= 09 196=16N Al
Answer: 1.6 N 3 marks
2

(b)T:O:mgzg M1
v=ygr =297ms™* Al
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Answer: 2.97 m s~!

15 (5 marks)
(@) M isin equilibrium: T=2x9.8=19.6 N
Answer: 19.6 N

0.5v2

(b)T—T, 80196_W
v=396ms™*

Answer: 3.96 m s~
. 211r 21 x 04

(c) Period = = = =755

=0.635s

Answer: 0.635s

1

16 (7 marks)

(a) Radius = \/0.52 -03°=04m
0.3

The reaction R acts along the radius towards O, at angle a to the vertical with cosa = == = 0.6

.5
Vertical: Rcosa =mg so R = W
R=0.817N

Answer:r =04 m,R=0.817N

2
(b) Horizontal: R sin a = mTV withsin o =0.8

0.05v?

v=229ms?

Answer: 229 m st

17 (9 marks)
(a) At the greatest speed friction acts down the slope with F = 0.2R
Verticaly: R cos 15° — 0.2R sin 15° = mg

mv?

Horizontally: R sin 15° + 0.2R cos 15° = =0
tan 15° + 0.2

— -1
T-o0z2w@nis PV=156ms

Dividing: v = 50 x 9.8 x

Answer: 15.6 m s~!

(b) At the least speed friction acts up the slope: R cos 15° + 0.2R sin 15° = mg

2
Rsin 15° — 0.2R cos 15° = v

50
tan 15° — 0.2
1+0.2tan 15°’

Answer: 5.62m st

vZ =50 x 9.8 x v=562ms*

18 (10 marks)
(a) Pis 0.8 m vertically from each of A and B (by symmetry), with horizontal distance 0.6 m

cos = OTS =0.8

Answer: shown

(b) Vertically: 0.8T, — 0.8Tz; =05x%x98,s0T, — Tg =6.125
Horizontally: 0.6(T, + Tg) =05%x 0.6 %X 36,50 T, + Tg =18
Tpo=12.062N, Tz =5.938N

Answer: T, =12.062N, Tz =5.938 N
©Tg=0Tpy+Tg=mw?=T, — Ty =6.125

w? > % = 1225, 0w = 35rad s

Answer: w = 35rad st
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19 (10 marks)
2
@T—-mg= @ M1
T=04x98+ 2210 =306N AL
Answer: 30.6 N 2 marks
(b) Energy: %VZZ%X].OO— gx3 M1 AL
v?=100 — 58.8 = 41.2 Al
2
T+mg= T soT= 2402 30 "
T=7.07N Al
Answer: v=642ms} T=707N 5 marks
(c) Atthetop T = 0: v2 = gr = 14.7 M1
Energy: u® = v + 4gr = 5gr M1
u=857ms? Al
Answer: u = 857ms™t 3 marks
20 (8 marks)
mv?
(a) Atthetop, R = 0: mg = - M1
v=4gr =784 =885ms™* Al
Answer: 885m st 2 marks
(b) Speed at top: v = gr B1
Energy: mgh = mg(2r) + %m(gr) M1 Al
h=25r=20m Al
Answer: 20 m 4 marks
2
(c)R+mg:¥,soR:M—3920 M1
R =3280 N, directed downwards Al
Answer: 3280 N 2 marks
21 (8 marks)
. . . GMm _ mv?
(a) Gravity provides the centripetal force: e M1
V2 = GTM Al
Answer: shown 2 marks
(b) r=6.371 x 10° + 2.0 x 10° = 8.371 x 10°m B1
v =13.99 x 101/8.371 x 10° M1
=6900 ms™* Al
Answer: 6900 m s™* 3 marks
_2mr _ 2m x 8.371 % 10°
(©T= ~ - 6800 M1 A1l
= 7620 s=2.12 hours Al
Answer: 7620 s= 2.12 hours 3 marks
22 (8 marks)
(a) The normal reaction of the wall provides the centripetal force El
Friction acting upwards along the wall balances the weight El
Answer: R centripetal, F = mg 2 marks
(b) Vertical: F = mg; limiting F = uR, so pR = mg M1
Horizontal: R = mrw?, so prw? = g M1
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9.8

— -1

W =\57x25 =3.13rads Al

=29.9rev min~! Al

Answer: 3.13rad s™*=29.9 rev min~! 4 marks

() R=mrw?=70x25x 16 =2800 N M1

F=mg =686 N (less than pR = 1120 N, so no slipping) Al

Answer: R=2800N, F =686 N 2 marks
23 (5 marks)

Section BA: the only mass beyond it is 2m at A M1

Tea = 2m x 1.2w2 = 2.4mw? Al

Section OB: Tog — Tga =M x 0.4w? M1

Tog = 2.4mw? + 0.4mw? = 2.8Mw? Al

Tog:Tegan=28:24=7:6 Al

Answer: 7.6 5 marks
24 (7 marks)

(a) The surface makes 30° with the vertical, so the normal reaction R makes 30° with the B1

horizontal

Vertica: R sin 30° = mg M1

R=2%x04x98=7.84N Al

Answer: shown 3 marks

. L mv?
(b) Horizontal: R cos 30° = - M1
2

7.84 x cos 30° = %, so v? = 8.487 Al

v=291ms? Al

T= ZHT/O'S =1.08s Al

Answer: v=291ms™} T=108s 4 marks
25 (5 marks)

_ 21 -1
Angular speed w = 6164 rad s B1
GMm _ : 3 _ GM
>— =Mrw<, o r° = — M1
r w
3 _ 3.986 x 10" x 861647
r°= 5 M1
411

r=4.22e+07 m Al

Height =r — 6.371 x 10° = 3.58e+07 m Al

Answer: r = 4.22e+07 m, height = 3.58e+07 m 5 marks
26 (10 marks)

(a) P hasfallen avertical distance a — acos 6 B1

Energy: %mv2 = mga(l — cos 0) M1

v?=2ga(1 — cos 0) Al

Answer: shown 3 marks

2

(b) Towards the centre: mg cos® — R = % M1 Al

R =mg cos O — 2mg(1 — cos ) = mg(3 cos O — 2) M1

P leaves the surface when R =0, so cos 6 = % Al

Answer: shown 4 marks

(QV?=2x98x15x 3 =98 M1
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v=313ms Al
Height:acos(%):l.SX%:lm Al
Answer: v=313ms™} height =1m 3 marks
27 (12 marks)
(a) Energy: v? = u? — 2gL(1 — cos 0) M1 AL
2
TowardsO: T — mg cos 0 = mTV M1 A1
2 2
T:%—2mg(l—cose)+mgcos€):%+mg(3cose—2) Al
Answer: shown 5 marks
(b) T=3mg + mg(3 cos© — 2) = mg(1 + 3 cos ) M1 A1
T=0givescos O = —%,9:109° Al
Angle above the horizontal = 6 — 90° = 19.5° Al
Answer: @ = 109°, 19.5° above horizontal 4 marks
()u=43x98x08=485ms* M1 AL
T=03%x9.8x(1+3cos60°)=735N Al
Answer: u=485ms, T=735N 3 marks
28 (10 marks)
(a) Friction F = pR acts down the slope at the limit B1
Vertical: Rcos® — pRsin® = mg M1 AL
2
Horizontal: Rsin © + 1R cos 6 = g M1
Dividing and then dividing top and bottom by cos 6 gives the result Al
Answer: shown 5 marks
- tan 8° + 0.35
(b) Viex = 120 x 9.8 x 1-03B@ng M1 Al
Vi = 246 ms™t Al
No friction: vy = rg tan 0, v, = 12.9 m s*, much smaller than v, Al
Answer: V, =246mst vy=129ms™t 4 marks
(c) The denominator becomes zero or negative: friction can then hold the car at any speed, so El
there is no upper limit
Answer: No limit on speed 1 mark
29 (12 marks)
(a) Horizontally: Tsin® = m(L sin ®)w? s0 T = mLw? M1 A1l
Vertically: T cos© = mg M1
_mg _ g
cosO == = 7 Al
Answer: shown 4 marks
(b) cosB <1 requireﬁi2 <1 M1
Lw
9
W >4 Al
Answer: w > V(g/L) 2 marks
() T=025x08%x36=72N Al
cosO = % =0.34 M1
0 =70.1° Al
Answer: T=72N, 0 =70.1° 3 marks
Lo 2 . 2 _ g
(d) Period = o with w* = Tcoso M1
Period = 211 L cgse Al
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AsBO — 0,cos0 — 1: period—>2n\/%=l.83 Al
Answer: 1.8 s 3 marks
30 (10 marks)

(a) Least speed at the top, greatest at the bottom (height difference 24) B1

Energy: %m(Bu)2 = %mu2 + mg(2a) M1 A1

4u? = 2gaso u® = %a Al

Answer: shown 4 marks

2

(b) Towards O (downwards): mg — S= mTu! where Sis the upward thrust M1
—mg — 9 - Mg

S=mg 5 =5 Al

A thrust (the rod pushes P upwards) of %mg Al

Answer: thrust of %mg 3 marks

(c) At the bottom v2 = 9u? = %‘ B1

_mv? _ 9mg

T=-mg==-="73 M
_ 11mg

T="%~ Al

Answer: @ 3 marks
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