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Displacement, Velocity and Acceleration

1 (2 marks)
_ total distance _ 150
Average speed = o = 75 M1
=60 kmh™! Al
Answer: 60 km h™? 2 marks
2 (3 marks)
Distance =100 + 40 =140 m B1
Displacement = 100 — 40 =60 m M1
in the direction east (the original direction) Al
Answer: (a) 140 m, (b) 60 m east 3 marks
3 (2 marks)
_v—u_1l6—-4
a=——=—3 M1
=4ms 2 Al
Answer: 4m s 2 marks
4 (3 marks)
_;_ 108x 1000 _ _
108 km h —W—SOms M1 Al
450 _
Time = =0 " 15s Bl
Answer: 30ms™t 15s 3 marks
5 (3 marks)
Displacement=7 — (—=3) =10 m M1 Al
Average velocity = 1—50 =2ms? Al
Answer: 10m,2m s™* 3 marks
6 (3 marks)
_12-130
a=—¢ M1
=—3ms? Al
The negative sign shows the acceleration is opposite to the direction of motion, so the train slows El
down (a deceleration of 3 m s™?)
Answer: —3 m s~2 (deceleration) 3 marks
7 (4 marks)
Time for the first part = ;—i =05h M1
Time for the second part = % =05h Al
_ total distance _ 20
Average speed = o = 1 M1
=20kmh™! Al
Answer: 20 km h™? 4 marks
8 (5 marks)
Total time =60 minutes=1h B1
(a) Total distance = 3 + 1.5 = 4.5 km, so average speed = 45 km h™* M1 Al
(b) Displacement =3 — 1.5 = 1.5 km east M1
Average velocity = 1.5 km h™! east Al
Answer: (a) 45km h™%, (b) 1.5 km h™! east 5 marks
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9 (4 marks)

v=u+a=0+15x4 M1

=6ms™* Al

75=15 M1

t=5s Al

Answer: 6ms™ 5s 4 marks
10 (4 marks)

.. _ changein position

Average velocity = fime

0to 2: 112_3:4ms‘l M1 Al

2t0 4 11;ll=0ms‘1 AL

410 6 5_211:—3ms‘1;6t08: _72_5:—6ms‘1 AL

Answer: 4,0, =3, —6m st 4 marks
11 (4 marks)

Closing speed=12+18=30ms™* M1

300 _

Time = =0 - 10s Al

Distance of the faster car = 18 x 10 M1

=180m Al

Answer: 10 s, 180 m 4 marks
12 (3 marks)

Distance travelled = 1000 + 200 = 1200 m M1 A1

1200 _

Time = 0 = 60s Al

Answer: 60 s 3 marks
13 (3 marks)

v=u+at:0=60— 2.4t M1 A1

t=25s Al

Answer: 25s 3 marks
14 (5 marks)

L et the one-way distance be d km. Time out = 1% time back = 1% M1

. d d_d
Total time = Et1°5 hours M1 A1
Average speed = 27;1 =12kmh™* M1 Al
6

12 differs from 12.5 because more time is spent travelling at the slower speed

Answer: 12 km h™* (not 12.5) 5 marks
15 (5 marks)

Position of A: 5t. Position of B: 7(t — 8) B1B1

5t=7(t — 8) M1

56=2t,s0t=28s Al

Distance=5x28=140m Al

Answer: 28 s, 140 m 5 marks
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16 (4 marks)
Initial velocity = 24, final velocity = —16
a= —-16—-24
0.025
= —1600 m s~2, i.e. 1600 m s~2 directed away from the wall

Answer: 1600 m s~2 away from the wall

17 (4 marks)
Relative speed =30 — 20=10ms™*
Relative distance = 150 + 250 = 400 m

400 _
Time = 0 - 40 s
Answer: 40 s
18 (5 marks)
First distance = 72 x % =48 km

Last time = % h = 40 minutes

Total distance = 108 km, total time =40+ 10+ 40=90min=15h
Average speed = % =72kmh™!

Answer: 72 km h™?

19 (5 marks)
@14-2)+(14—6)=12+8=20m

(b) 25 =2ms™

(©06—2=4m

(0) 15 =04ms™

Answer: () 20m, (b) 2m s, () 4m, (d) 0.4 ms™?

20 (5 marks)
Let Ali's speed be v. Times: @ and %
400 400 _
v T wep 0

400(v + 2) — 400v = 10v(v + 2),s0 v +2v — 80=0
(v+10)(v—8))=0,v=8
Answer: Alis8ms™, Ben 10m s

21 (5 marks)
(a) Closing speed 45 kmh™!, sot =

Distance = 15 x 2 = 30 km
Answer: 2 h, 30 km

(b) The bird flies for the whole 2 hours at 40 km h™*: 80 km
Answer: 80 km

90 _

i 2 hours

22 (5 marks)
(a) Slowing down needs velocity and acceleration in opposite directions. true on the way up (v >
0,a<0)
On the way down v < 0 and a < 0 have the same sign, so the ball speeds up
Answer: speeds up on the way down

(b) v=u+at: after 1s,v =147 — 9.8=4.9ms* (rising)
after 25, v =147 — 245 = —9.8 m s~ * (falling)
Answer: 49 m s~!rising; —9.8 m s™* falling
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23 (5 marks)
(a) 60 x 1609 = 96 540 m per hour M1
+3600=26.8ms™* Al
Answer: 26.8m s™! 2 marks
(b) a= 222 M1
=315ms? Al
Answer: 3.15m s2 2 marks
© 32 =032 81
Answer: about 0.32 g 1 mark
24 (7 marks)
(@Qv=08%x5=4ms* M1 Al
Deceleration time = % =4s Al
Answer: 4mst 4s 3 marks
(b) Total time=5+12+4=21s B1
Acceleration stage: %(0 + 4) x 5 =10 m; constant: 4 x 12 = 48 m; deceleration: %(4 +0)x4=8 M1 A1
m
Total =66 m Al
Answer: 21's, 66 m 4 marks
25 (6 marks)
1 180 180
Letthespeedbex km h tlmeST andm B1
180 180
T - m =0.6 M1 Al
180 x 15 = 0.6x(x + 15), so x? + 15x — 4500 = 0 M1
(x+75)(x —60)=0 M1
X = 60 (speed positive) Al
Answer: 60 km h™! 6 marks
26 (7 marks)
@t=4:3x4=12m B1
t=10: 12+ (—2)(6) =0m, soitisback at O M1 A1
t=12.0+5%x2=10m
Answer: 12m,0m, 10 m 3 marks
(b) Distance=12+ 12+ 10=34m M1 AL
Average speed = 1—3;1 = % =283ms™ Al
Answer: 34m, 283 ms™* 3 marks
(©) 1—(2) = % m s~* in the direction OA B1
Answer : % ms™? 1 mark
27 (9 marks)
(a) Let each stage be d: total time = % + % = w M1 A1
_ 2  _ 2w
Average speed = E R OE)) Al
uv
Answer: shown 3 marks
(b) Let each stage last T: distance = uT + vT, time= 2T M1
Average speed = (u ;.IY)T = %(u +V) Al
Answer: shown 2 marks
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2ov  _ (U+Vv)2—4duv _ (u-—v)?

(© E(U tv) — U+v) = 2u+v) T 2u+v) MLAL
Thisis = 0, with equality only whenu =v El
For 60 and 40: equal-distance 48 km h™%, equal-time 50 km h™* B1
Answer: 48 and 50 km h™* 4 marks
28 (9 marks)
(a) The faster runner gains 7 — 5= 2 m s~ and must gain one lap, 400 m M1 Al
t="2 =200s AL
AnaNer. 200s 3 marks
(b) Closing speed 5 + 7 = 12 m s™*; they meet when together they have covered 400 m M1
_ 400 _ 100 (oo g
=y T3 ST993S Al
Meetings at t = 00n withn = 1and@<720 M1
n < 21.6, so 21 meetings Al
Answer: 33.3 s, 21 meetings 4 marks
(c) Passesatt =200k < 720, k=1, 2,3 M1
so 3 times Al
Answer: 3 times 2 marks
29 (8 marks)
(a) Closing speed 30 km h™*: t— —08h M1 Al
Distance from A =12 x 0.8 = 9.6 km Al
Answer: after 0.8 h (12:48), 9.6 km from A 3 marks
(b)Ferrylreach%Battzzh;ferry2reach$Aatt:%h B1B1
At the next meeting the ferries have together covered 3 x 24 = 72 km (they are again approaching M1
each other)
t==5==24h Al
Ferry 1: 24 — 12(2.4 — 2) = 19.2 km from A (check ferry 2: 18 x 2.4 — 24 =19.2 km) Al
Answer: 2.4 h, 19.2 km from A 5 marks
g 240
< rry 2
< 192
=
&
8 9.6
§ rry 1
z
0.0 - | . | |
08 1.33 2 2.4t (h)
30 (8 marks)
(a) P arrives after —=- 12 =2h,i.e at 11.00 B1
Qhas2 — § = g h M1
120 _ _
Speed = m =72kmh Al
Answer: 72 km h™? 3 marks
(b) Distances equal: 60t = 80(t — %) with t hours after 09:00 M1 A1
20t=—+,s0t= h (10:20) Al
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Distance = 60 x % =80 km Al
1 11 .1 .

QreachesB att = 3t 15= 5 h, which is & h = 10 minutes before P Al

Answer: 80 km from A at 10:20; 10 minutes before P 5 marks

Motion Graphs

1 (3 marks)
Speed=gradient=2—5o =4ms? B1
Stationary fromt=5tot=10,i.e. for5s B1
Return speed = i—g =2ms™t B1
Answer: 4ms~t 55 2ms™? 3 marks
2 (3 marks)
Acceleration = gradient = % =3ms™? M1 Al
Deceleration = 172 =3ms™? Al
Answer: 3ms™?, 3ms™2 3 marks
3 (3 marks)
() velocity B1
(b) acceleration B1
(c) displacement (change in position) B1
Answer: velocity; acceleration; displacement 3 marks
4 (2 marks)
Area of the triangle = % x 8x 20 M1
=80m Al
Answer: 80 m 2 marks
5 (3 marks)
0to 5 s: uniform acceleration %O =2ms2 B1
5to 12 s constant velocity 10 m s~ (acceleration 0) B1
12 to 16 s uniform deceleration 104_ 4 1.5ms™2 B1
Answer: 2m s2, 0, deceleration 1.5 m s™2 3 marks
6 (5 marks)
. . 20 . . 20
Accelerating time = 05 =40 s, decelerating time = 4 =20s B1B1
Distances: 5 x 40 x 20 = 400 m; 20T; 3 x 20 20 = 200 m M1
400 + 20T + 200 = 1200 M1
T=300s Al
Answer: T=30s 5 marks
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v (m s‘l)“
20 A
(Sl
4I0 7I0 9I0 g
7 (4 marks)
(a) Out 30 m, then 30 m back: distance = 60 m
(b) Average speed = % =15ms?

(c) The displacement is zero, so the average velocity is0
Answer: () 60m, (b) L.5m s, (c) 0

8 (4 marks)
Positive pat 0to 4 s: area:% x4x8=16m

Negative part 4to 6 s: area = % x 2 x 4 =4 m (to the left)

Displacement = 16 — 4 =12 m; distance= 16+ 4=20m
Answer: displacement 12 m, distance 20 m

9 (4 marks)
Distance of A after 10 s=10 x 10 =100 m

B: area of triangle = % x 10 x 20

= 100 m, the same, so the cars are level
Answer: both 100 m

10 (4 marks)
The change in velocity is the area under the accel eration-time graph.

t=42x4=8ms*
t = 10: unchanged, 8 m s~
t=16:8—1x6=2ms?
Answer: 8,8,2m st

1

11 (6 marks)
(a) Straight line from (0, 0) to (40, 240) with gradient 6
Horizontal linefromt=40tot =60 at s= 240
Straight line down to (120, 0), with the values marked
Answer: sketch

(b) Return time = @ =60 s, so the trip takes 60 + 60 = 120 s

Average speed = B0 4ms

120
Answer: 120s,4m s™!
s (m) ,
240 A
t (sl
4'0 6'0 12'0 i
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12 (5 marks)

(a) Line from the origin to (8, 12) B1
Horizonta linetot =18 B1
Line down to thet-axisat t = 24 B1
Answer: sketch 3 marks
(b) Area= (10 + 24) x 12 M1
=204 m Al
Answer: 204 m 2 marks
v(ms™)

A

12 A

t (s)

8 18 24

13 (4 marks)
The graph is a trapezium: the constant-speed stage lasts 100 — 20 — 30=50s B1
Distance = (50 + 100)V = 2100 M1 AL
V=28ms! Al
Answer: 28 ms™! 4 marks
v (m s‘l)“

28 A
t (s)
20 70 100

14 (6 marks)
Greatest speed V = 0.5T B1
Distance = 2(30 — T +45)V = 5(75 — T) x 0.5T M1 AL
2T(75 — T) = 189, 50 T2 — 75T + 756 = 0 AL
(T—12(T—-63)=0 M1
T=<30,s0T=12 Al
Answer: T =12 6 marks

15 (6 marks)
(@) A: % km per minute = 0.6 x 60 = 36 km h™* M1 A1l
B: 2—8 km per minute = 45 km h™* Al
(b) s, = 0.6t, Sz = 30 — 0.75(t — 20) M1
0.6t = 45 — 0.75t, S0t = “o0 minutes AL
(c)s=0.6><%=20km Al
Answer: 36 and 45km h™; t = % min; 20 km from P 6 marks
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16 (4 marks)
Ost=s4 gradientle:S,sov:Bt

4=t=10:v=12
10 =t = 16: gradient —2,v =12 — 2(t — 10) = 32 — 2t
Answer: 3t; 12; 32 — 2t

17 (5 marks)
Reaction distance =25 x 0.6 =15 m
Timeto stop = % =5s, so the graph is a trapezium

Braking distance = % x5x25=625m

Total =77.5m
Answer: 77.5m

-1
v(ms )“

25

t(s)

0.6 5.6

18 (6 marks)

_10—-4 _ 2
(a)a—T—O.Bms

5= 3(4+10) x 10=70m

Answer: 0.6 ms™2, 70 m

(b) A: 12t. B: 70 + 10(t — 10) = 10t — 30

Difference = 12t — (10t — 30) =2t + 30

Answer: shown

(c) Thefront of A is 130 m ahead of itsrear, so 2t + 30 = 130
t=50s

Answer: 50 s

19 (7 marks)
(a) Time accelerating = % =V, time decelerating = %

Constant stage = 20 — V — & = 20 — 15V

Answer: shown

(b) Distance = 5V/2 + V/(V/2) + V(20 — 15V) = 112

SV2+20V — 15V2 = 112 gives 20V — SV? =112

3V2 — 80V +448=0

3V —56)(V—8)=0,V=8(V= 5—5 gives a negative time at constant speed)

Answer: V=8ms™*t

20 (6 marks)
(a) A straight displacement-time graph means constant velocity, and its gradient is velocity (3 m

s71), so the acceleration is zero
The area under a displacement-time graph has no physical meaning
Answer: gradient is velocity; area meaningless

(b) Velocity 3 m s™, acceleration O
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Distance = 18 m (the final displacement) B1
Answer: 3ms™! 0,18 m 2 marks
(c) A horizontal lineat v=3fromt=0to 6 B1
Areaof the rectangle 6 x 3 =18 m B1
Answer: horizontal linev =3 2 marks
21 (8 marks)
(a) Psspeedis 2t for t = 10; Pis slower than Q until 2t =12, s0t =6 M1 A1
Distanceon:12><6:72m,ofP:%><6><12:36m M1
Gap=36m Al
Answer: 36 m 4 marks
(b) At t =10: P has gone 100 m, Q 120 m, so P has not yet caught Q B1
For t = 10: P = 100 + 20(t — 10) = 20t — 100, Q = 12t M1 A1
20t — 100=12t,s0t=125s Al
Answer: 1255 4 marks
22 (8 marks)
(a)OtoSs:l—SO:st‘2 B1
5to9so_410:—2.5ms‘2 M1
9to15s: _156_ 0 - _25ms AL
Answer: 2, —=2.5, —25ms™? 3 marks
(b) Area0Oto 9: % x 9 x 10 = 45 m to the right M1 Al
Aread1to 15: 5 x 6 x 15 = 45 m to the left vt
Displacement =45 — 45=0, soitisat O Al
Greatest distance 45 m (at t = 9); total distance 90 m B1
Answer: 45 m, 90 m 5 marks
23 (5 marks)
Initial acceleration = 110, so deceleration % and the braking timeis5 s B1 M1
Distance = 2 (10)V + 30V + 3(5)V = 375V M1 AL
375V =540, 0V = 144 m s™%; acceleration = 1.44 m s~2 Al
Answer:V=144ms™t a=144ms™? 5 marks
24 (10 marks)
(a) Areaof trapezium = %(120 + 200) x 20 M1
=3200 m Al
Answer: 3200 m 2 marks
(b) 5 X 200XV =3200, 0V = 32m s} M1 AL
Answer: V =32 m s, acceleration 0.32 m s™2 2 marks
(c) Train 2 reaches20ms tatt = % =625s M1 AL
By symmetry of train 2, the other timeis 200 — 62.5=1375s Al
Answer: 62.5sand 137.5s 3 marks
(d) Train 1: 3 x 40 x 20 +20 x 20 = 800 M M1 AL
Train 2: % x 0.32 x 60% = 576 m, so the distance apart is 224 m Al
Answer: 224 m 3 marks
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v (m s‘l)“
32 A
20 4
t (s)
62.5 1375 200.0
25 (8 marks)
(a) Car: line from the origin to (12, 18), then horizontal B1
Motorcycle: starts at t = 10, reaches 24 m s™* at t = 18, then horizontal B1
Key values marked on the axes B1
Answer: sketch 3 marks
(b) Car for t = 12: 5 x 12 x 18 + 18(t — 12) = 18t — 108 B1
Motorcycleatt:18:%XSXZ4:96m M1 Al
Motorcyclefor t = 18: 96 + 24(t — 18) = 24t — 336 M1
18t — 108 = 24t — 336 givest = 38 s and distance 576 m Al
Answer:t=38s,576 m 5 marks
v (ms™)

A

24: /—

18

t(s)
1IO 1'8 g
26 (8 marks)
(a) Accelerating time = 2V, decelerating time = % M1
Constant stage = 150 — 2V — % = 150 — 12" AL
Answer: shown 2 marks
(b) Distance = 2V/(2V) + 2V/(*) + V(150 — o) = 3000 M1 AL
V24 2v2 4 150V — D2 = 3000 M1
150V — 2V2 = 3000, 50 V2 — 90V + 1800 = 0 AL
(V — 30)(V — 60) =0 M1
V = 60 gives a negative constant-speed time (150 — 200), so V = 30 Al
Answer: V=30ms™?t 6 marks
v (m s‘l)“
30 A
(s)
GIO 110 150 i
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27 (8 marks)
(a) Time to reach 30: 3—3? = 10 s after starting, sot = 16 M1 Al
Police distance = % x 10 x 30 = 150 m; speeding car =24 x 16 = 384 m M1
150 < 384, so not yet caught Al
Answer: shown 4 marks
(b) For t > 16: police = 150 + 30(t — 16) M1
150 + 30t — 480 = 24t M1 A1
6t = 330, s0t =55s; distance = 24 x 55 =1320 m Al
Answer: t =555, 1320 m 4 marks
28 (12 marks)
. . \% . . \% V \%
(a) Accelerating time a3 decelerating time B constant stage T — — — + M1 Al
. _v?oov? vV oV, _
Dlstance—z+%+V(T—E—F)—D M1
vZ 1l o1
D:VT_7(§+B) Al
L. D Vv,1 1
Divideby V and rearrange: T = 7 + 5 (5 + ) Al
Answer: shown 5 marks
v,1 1 1200
(b) 7(5 + B) =15V;s0 —— + 1.5V =90 M1
1.5V2 — 90V +1200=10, V2 — 60V + 800 =0 M1 A1
(V —20)(V — 40) =0; V =40 needs 3V = 120 > 90 s, impossible; so V = 20 Al
Answer: V =20m st 4 marks
. 1 1 1
(c) No cruising: D = §V2(ﬁ +3)= 1.5V2, s0 V2 =800, V = 2042 M1 A1
D _ 1200 a
T—v+l.5v—m+42.43—84.95 Al
Answer: 84.9s 3 marks
29 (9 marks)
(8) Area 3(4)V + 6V + 3(B)(V — U) =0 M1 AL
2V +6V +4vV —4U=0,so0U =3V Al
Gradient: Y2 =15, 50 % =15 M1
V=3U=9 Al
Answer: V=3, U=9 5 marks
(b)v=0when10+lis=125 M1 Al
Distance = 2(4)(3) + 6(3) + 5(2(3) =6+18+3=27m A1
Answer:t=12s,27m 3 marks
(c) 27 + 27 =54 m (the return is aso 27 m) B1
Answer: 54 m 1 mark
30 (10 marks)
(a) Distance = 15 x 2—8 M1
=10km Al
Answer: 10 km 2 marks
(b) Anna's total time = % + ([);510) hours M1
Ben'stotal time = 1—50 + % hours M1
2 D - 10 D —-10) . 2(D — 10 4
§+%:2+%glva%:§,wD:20km Al
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Total time:%+2:2h40min,sothey arrive at 11:40 Al
Answer: D =20 km, 11:40 4 marks
(c) Anna: (0, 0) to (40, 10) to (160, 20) B1
Ben: (0, 0) to (120, 10) to (160, 20) B1
Answer: sketch 2 marks
20 _ 35
(d) Anna 10+5x@:?km; Ben: 5 km M1
Difference = 2—39 =6.67 km Al
Answer: 6.67 km 2 marks
d (km)A
20
10 A
t (min)
40 120 160

SUVAT Equations

1 (4 marks)
Usngv=u+at:v=0+3x8 M1
v=24 Al
Usings=ut+%at2:s=0><8+%><3><82 M1
s=96 Al
Answer: 24m s, 96 m 4 marks
2 (2 marks)
Usngv=u+at:v=12+(=2) x5 M1
v=2 Al
Answer: 2m st 2 marks
3 (4 marks)
Usingv=u+at: 17=5+ax4 M1
a=3 Al
. 1 1
Usmgszi(u+v)t:s:§(5+17)><4 M1
s=44 Al
Answer: 3ms™2, 44 m 4 marks
4 (2 marks)
Using v? = u? + 2as; 20 = 0%+ 2 x ax 80 M1
a=25 Al
Answer: 25 m s™? 2 marks
5 (4 marks)
Using v? = u? + 2as; 0 = 20% + 2 x ax 50 M1
a=-—-4 Al
. 1 1
Using s= 5(“ +V)t: 50 = 5(20 +0) xt M1
t=5 Al
Answer: 4ms=2 5s 4 marks
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6 (2 marks)
Usings:ut+%at2:s:6><4+%><1.5><42 M1
s=36 Al
Answer: 36 m 2 marks
7 (5 marks)
Known: s=90,u=230,v=0; find a t B1
Using v? = u? + 2as: 02 =30 + 2 x ax 90 M1
a=-5 Al
. 1 1
Using s= §(u+v)t: 9027(30+0) x t M1
t=6 Al
Answer: 5ms=2,6s 5 marks
8 (5 marks)
Known: s=21,u=4,a=2; findt, v B1
Usings:ut+%at2:21:4><t+%><2><t2 M1
t?+4t—21=0,50(t+7)(t—3)=0andt>0:t=3 Al
Usngv?=u?+2asv?=42+2x2x21 M1
v=10 Al
Answer: 3s,10m st 5 marks
9 (5 marks)
Acceleration stage: s = %(0 +9)x25=11.25m M1 Al
Remaining distance = 100 — 11.25=88.75m M1
Time at constant speed = % =9.861s Al
Total time=25+9.861=124s Al
Answer: 124 s 5 marks
10 (7 marks)
_Vv—u_1l4-6
(a)a= < M1
=16ms? Al
Answer: 1.6 m s™2 2 marks
(b) 5= 3(u+V)t= 5(6+14) x 5 M1
=50m Al
Answer: 50 m 2 marks
() v?=14°+2x1.6x 20 M1 Al
=260, s0v =4260 =16.1ms™* AL
Answer: 161 m st 3 marks
11 (4 marks)
Thinking distance=24 x 0.5=12m B1
Braking distance = 60 — 12 =48 m M1
0 = 242 + 2a(48) M1
a=—6ms? so the deceleration is 6 m s™2 Al
Answer: 6 m s™2 4 marks
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12 (5 marks)
A:s=20tBis= (2 = 2
20t =t% sot(t — 20) =0
t=20s
B'sspeed=0+2x20=40ms™!
Answer: 20s, 40 m s™*

13 (6 marks)
Time for thecar todowto20ms % 20=30 — 2.5t, sot=4s
Car distance = 5 (30 +20) x 4= 100 m
Lorry distance=20x4=80m
The car gains 100 — 80 =20 m, so the gap is60 — 20=40m

The speeds are then equal, so the gap stays 40 m: no collision, closest distance 40 m
Answer: 40 m, no collision

14 (5 marks)
s=ut+ pa’ 24= 10t — 2

t?— 10t +24=0,50 (t — 4)(t— 6)=0

t=4sandt =6 s: the particle passes the point on the way out, comes to rest, and passes it again
on the way back

Answer:t=4sandt=6s

15 (5 marks)

Let the length of the section be 2d and the acceleration a. For the whole section 142 = 22 + 2a(2d),
so 4ad = 192

For the first half: v = 22 + 2a(d)
vi=4+2ad=4+96
v?=100,sov=10ms*
Answer: 10 m s™*

16 (6 marks)
Slope: s=ut + %at2 =2x5+ %(0.8)(25)
=20m

Speed at the bottom: v=2+0.8x5=6ms™*

Time on the ground = 3—: =5s

Total time=5+5=10s
Answer: 20m, 10 s

17 (7 marks)

(a) From thefirst, t = ——-

a

S:u(v;u)+%a(v;u)2
2as=2u(Vv—u)+(V—u?=(v—uu+v—u)=(v—u)v+u)
=v? — u? sov?=u?+ 2as

Answer: shown

(b) v=75: 7.5% = 152 + 2(—3)s

6s =225 — 56.25=168.75,s05s=28.125m = 281 m

Answer: 28.1 m
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18 (6 marks)
Distance in the n-th second = s(n) — s(n — 1), with s(t) = ut + %at2 M1
Third second: (3u+4.58) — (2u+ 2a) =u+ 2.5a=14 M1 Al
Fifth second: (5u + 12.5a) — (4u + 8a) = u + 4.5a=20 Al
Subtracting: 2a=6,s0a=3ms 2 M1
u=14-75=65ms* Al
Answer: u=65ms™t a=3ms™ 6 marks
19 (5 marks)
(@) Timetostop: 0=15— 3t,sot=5s M1 Al
The car is stationary after 5 s, so the formula (which assumes constant acceleration) cannot be El
used upto 8s
Answer: the car stops after 5s 3 marks
(b) Distance in 5s: 5(15+0) x 5 M1
= 37.5 m (and no more movement after) Al
Answer: 37.5m 2 marks
20 (6 marks)
(a) Displacementatt=2: 2u — 06 x4=2u— 24, at=7.7u— 0.6 x 49=7u — 29.4 M1
Equa: 2u — 24 =7u — 294 M1
S5u=27,sou=54 Al
Answer: shown 3 marks
(b) OP=2(5.4) —24=84m M1 A1
Grestest distancewhen v = 0: t= 24 =455 5= 224 = 1215
r istancewhenv =0:t= 75 =455 5= 5555 =1215m Al
Answer: 84 m, 12.15m 3 marks
21 (6 marks)
AtoB:39:3u+%a><32 M1 A1
At0C (55 75m): 75=5u+ 3ax 5 M1 AL
Solving:a=2ms2andu=10ms™! M1 AL
Answer: a=2ms % speedat A=10m st 6 marks
22 (8 marks)
_14-6 _ 5
(a) a= 0 =08ms M1 Al
AB = 2(6+14) x 10= 100 m ML AL
Answer: 0.8 m s™2,100 m 4 marks
(b) v =6%+2x 0.8 x 50 = 116 M1
v=4116 =108 ms™* Al
Answer: 10.8 m s™? 2 marks

(C)t:@ M1

0.8
=596s Al
Answer: 596 s 2 marks
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23 (8 marks)
(a) Take the direction OB as positive. Then u becomes —u: 9 = —3u + %a x9 M1 Al
8=—-u+3a M1 Al
. 10
Solving: u=2 and a=3 Al
Answer: u=2,a= 1—39 5 marks
(b) Particle stops momentarily when 0 = (—2)? + 2 x %O xs,s0s=—0.6 M1 AL
Thisis 0.6 m from O towards A, which isless than 4 m, so A is not reached E1
Answer: greatest distance 0.6 m <4 m 3 marks
24 (7 marks)
(@) Cyclist: s=8(T +5) B1
Car: s= 221 — T2 M1 Al
8T +40=22T — T2 givesT? — 14T +40=0 Al
Answer: shown 4 marks
(b) (t —4)(t —10)=0,s0t=40r 10 M1
Times after the cyclist passes O: 9sand 15 s Al
Distances8x 9=72mand 8 x 15=120 m Al
Answer: 9s(72m) and 15 s (120 m) 3 marks
25 (8 marks)
o 160
(8) Anastime = -5 - 20s M1 A1
Bea 176.= 7 x 20 + 5ax 20° M1
a=018ms™? Al
Answer: 0.18 m s—2 4 marks
(b) Bearuns 176 + 4=180min 20 s: 180:7><20+%a><400 M1
a=02ms™? Al
Answer: 0.2 m s™2 2 marks
(ov=7+0.18x%20 M1
=106ms™t Al
Answer: 10.6 m s! 2 marks
26 (10 marks)
(a) The speed at B is the average velocity over AC, asthe times are equal: use s = vt — %at2 for M1
AB ands=vt + %312 for BC
Adding: 36 + 54 = 6vg M1
vg=15ms? Al
Answer: shown 3 marks
(b) BC — AB =54 — 36 = 18 = a x 3% (each stage lasts 3 5) M1 AL
a=2ms™? Al
Speedat A=15—2x3=9ms* Al
Answer:a=2ms 2 u=9ms™ 4 marks
(c) First interval: s, = uT + %aT2 B1
First two intervals: s, +s, = 2uT + 2aT?% s0S, = uT + %aT2 M1
s,— s, =al? Al
Answer: proved 3 marks
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27 (8 marks)
_\y2
(a) Dry section: V2 = 25 — 2(5)s,, S0 S, = % M1 AL
2
Wet section: 0= V? — 2(2.5)s,,S0°S, = V? Al
Answer: shown 3 marks
V2 V2 B V2 B
(b) 62.5 — E+?—85,SOE—22.5 M1 AL
VZ=225V=15ms™* Al
Time on the dry section: 25 ; o 2 s, on the wet section: 21—2 =6s M1
Total time=8s Al
Answer:V=15ms™ 8s 5 marks
28 (9 marks)
(@) s, =[un+ %anz] —[u(n—1) + %a(n - 13 M1
=u+%a(2n— 1) M1 A1l
Answer: shown 3 marks
(b)u+25a=13andu+6.5a=25 M1
4a=12,s0a=3ms? Al
u=13—-75=55ms™* Al
Answer:u=55mst a=3ms? 3 marks
(c) 140 = 5.5t + 1.5t%, s0 3t> + 11t — 280 =0 M1
(3t+35)(t—8)=0,s0t=8s Al
8th second: 5.5+ 3 x 7.5=28m Al
Answer:t=8s,28m 3 marks
29 (10 marks)
(8)0=30 — 2t, 0t =155 5= 5(30)(15) =225 m ML AL
Answer:t=15s,225m 2 marks
(b) A: s=30t — t% B: s= 1.5t B1B1
30t — t% = 1.5t s0 2.5t = 30t, t = 12 M1 AL
12 < 15 s0 A is still moving; distance = 1.5 x 144 = 216 m Al
Answer:t=12s, 216 m 5 marks
() Att=12:Ahas30—24=6ms ! Bhas36ms™ B1
Witha=2:t?=30t — t?, sot = 15 s, exactly when A stops M1
B reaches A just as A stops at 225 m Al
Answer: 6and 36 ms % t=15s 3 marks
30 (9 marks)
(a) Measure from the front car's initial position. Front car: xg = 20t — 2.5t?, and it stops at t = 4 M1 Al
Rear car travels8 min 0.4 s. With T =t — 0.4: xg = —12 + 8 + 20T — 27?2 M1 A1
Xg = 20(T + 0.4) — 2.5(T + 0.4)> = 181 + 7.6 — 2512 M1
Equal positions; T2+ 4t — 23.2=0, s0 T = 3.215 Al
t =3.62 s, which islessthan 4 s, so the front car is still moving and the cars collide Al
Answer: collisonatt =3.62s 7 marks
(b) Front: 20 — 5x 3.615=1.92ms™* M1
Rear: 20 — 4x 3.215=714ms™! Al
Answer: front .92 ms™ rear 7.14ms™! 2 marks
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Vertical Motion

1 (4 marks)
Take downwards as positive, so a= 9.8.
v=u+a=0+98x4=392ms?! M1 A1l
S=ut+ %al:2 = %(9.8)(16) =784m M1 AL
Answer: 39.2ms %, 784 m 4 marks
2 (4 marks)
Atthetopv=0:0=14.7 — 9.8t,s0t=15s M1 A1l
0=147% - 2(98)s, 05= Sog’ = 11.025m M1 AL
Answer: 1.5s, 11.0 m 4 marks
3 (4 marks)
Downwards positive: 19.6 = %(9.8)‘[2 M1
t?=4,s0t=2s Al
v=0+98x2 M1
=196ms? Al
Answer: 2s,19.6 ms™t 4 marks
4 (4 marks)
Downwards positive: v=5+ 9.8 x 2 M1
=246ms? Al
s=5x 2+ 2(98)(4) M1
=29.6m Al
Answer: 24.6 ms™%, 29.6m 4 marks
5 (4 marks)
Upwards positive: v = 24.5 — 9.8t M1
(@) v =14.7 m s™* upwards Al
(b) v = 245 — 39.2 = —14.7 M1
50 14.7 m s~* downwards Al
Answer: 14.7 m s~ up; 14.7 m s down 4 marks
6 (6 marks)
Upwards positive: u= 12, a= —9.8,s=—-30 B1
V2 =122 + 2(—9.8)(—30) = 144 + 588 = 732 M1 AL
v=—27.1,sothespeedis27.1 ms™?! Al
—27.06 =12 — 9.8t M1
t=399s Al
Answer: 27.1ms %, 3.99s 6 marks
7 (3 marks)
Upwards positive: 72 = u® — 2(9.8)(10) M1 AL
u?=49+196 =245, sou=157ms* Al
Answer: 157 m st 3 marks
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8 (4 marks)
Distance fallen in 3s= 2(98)(9) = 4.1 m M1 AL
Distance fallenin 2 5= 5(9.8)(4) = 19.6 m AL
Third second: 44.1 — 19.6 =245 m Al
Answer: 24.5m 4 marks
9 (6 marks)
Height of A above the ground: 40 — 4.9t height of B: 20t — 4.9t B1B1
Equal: 40 — 4.9t> = 20t — 4.9t*, sot=2s M1 Al
Height =40 — 49x4=204m Al
Velocities (upwards positive): A: —9.8x2=—-19.6ms % B: 20 — 19.6=04ms™* B1
Answer: t=2s,20.4m; A 19.6 m s ! down, B04ms tup 6 marks
10 (6 marks)
Upwards positive, taking the ground as s= —10: —10 = 15t — 4.9t M1 Al
4.9t2—15t—10=0,t=%@ M1
t = 3.62 s (positive root) Al
v =15 — 9.8(3.624) = —20.52 M1
speed =205 ms™t Al
Answer: 3.62s,20.5m s™? 6 marks
11 (6 marks)
The bag initially moves upward at 4 ms ™ u=4,s= —-50,a= —9.8 B1
—50 = 4t — 4.9t%, s0 4.9t* — 4t — 50 =0 M1 A1
{= 4+1/16+ 980 o - 3635 AL
v =4 — 9.8(3.629) = —31.56 M1
speed = 31.6 ms™* Al
Answer: 3.63s,31.6 ms™t 6 marks
12 (5 marks)
The motion is symmetrical, so the highest point isreached at t = 2 ; ® = 35s M1 Al
u=98x35=343ms™* Al
Height of P. s=34.3x2 —49x%x 4 M1
=49 m Al
Answer: 343m st 49m 5 marks
13 (5 marks)
2
(a)Atthetopv:O:O:uz—ng,sos:;—g M1 AL
(b) Back at the ground s=0: 0 = ut — %gtz, sot(u — %gt) =0 M1
_
t= 3 Al
_ _ -1
6—@,SOU—29.4ms Al
Answer: 294 m st 5 marks
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14 (5 marks)
Predicted: 20 = 5 (9.8), {2 = 4,082, t = 2,025
1 40 _
Observed: 20 = 5a(2.1)?, s0a= 4,7 =9.07ms™

The observed acceleration is less than 9.8 because air resistance (ignored by the model) opposes
the motion

Answer: 2.02 s, 9.07 m s™2; air resistance

15 (5 marks)
Taking upwards as positive; —h =18 x 5 — % x 9.8 x 57
h=1225—-90=325m
v=18—-98x5=-31
Speed onimpact =31 ms™!
Answer: 32.5m, 31 ms™

16 (5 marks)
20 = 24.5t — 4.9t?
49t — 245t+20=0
t=1.027 and t = 3.973
Time=3.973 — 1.027=295s
Answer: 2.95s

17 (5 marks)
vZ=2gh: 34.32=2x98xh
h=60.02m

Fall of the first 40.02 m: 40.02= 3 x 98 x 2, 0t = 2.858's

Total time = % = 3.5, so the last 20 m takes 0.642 s
Answer: tower 60.0 m, 0.642 s
18 (5 marks)

(@) v=19.6 — 9.8x 3=-9.8, 50 9.8 ms ' downwards
$s=19.6x3—49x9

=14.7m

Answer: 9.8 m s~! downwards, 14.7 m
. 196%

(b) Greatest height = 2x08 19.6 m

Distance = 19.6 + (19.6 — 14.7) =245 m
Answer: 24.5 m

19 (9 marks)
(@v=15x8=120ms*

5= 5(15)(64) = 480 m

Answer: 120 m s™%, 480 m
(b) Extra height: 0 = 120% — 2(9.8)s
S=734.7 m, so the greatest height = 1215 m
Answer: 1215 m

12

(c) Time to rise further: 9—3 =1224s

Fall from the top: 1215 = 4.9t t = 15.74 s
Total =8+ 12.24 + 15.74=36.0 s
Answer: 36.0s
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20 (7 marks)
Let t be the time since A was released. Downwards positive.
A:s= 4.9t B1
B (released 1 slater): s= 15(t — 1) + 4.9(t — 1)2 B1M1
Equate with T =t — 1: 4.9(T + 1)® = 15T + 4.91° M1
081 +49= 15T, 50T = oy = 0.9423 AL
t=19%s Al
Distance = 4.9(1.942)? = 185 m Al
Answer:t=194s, 185m 7 marks
21 (7 marks)
Height h = 20t — 4.9t B1
h:10:4.9t2—20t+1o:o,t:%@ M1 AL
Going up: t; = 204_982@ =0.5834 s AL
h=14: 49t — 20t + 14 = 0, going up: t, = &_9812@ =08972s ML AL
Time between edges going up = 0.3138 s, the same coming down: total = 2 x 0.3138 = 0.628 s Al
Answer: 0.628 s 7 marks
22 (6 marks)
(a) Aisha: velocity is zero only for an instant; the acceleration is still 9.8 m s™2 downwards (the E1E1
velocity is changing from positive to negative)
Ben: the acceleration is downwards, so the velocity becomes more negative: the ball moves back El
down
Answer: a = 9.8 downwards throughout; ball then moves down 3 marks
(b) v=147 — 9.8(1.5) =0 M1
Att=16:v=147 — 1568=—-098ms™* M1 A1
Answer: 0; —0.98 m s™! (moving down) 3 marks
23 (7 marks)
(@ h=ut — %gtz, S0 %gt2 —ut+h=0hasrootst, and t, M1 A1
The product of the rootsis 1L = %h M1
29
2h 1
tltZ = E, SO h = Eg tltZ Al
Answer: shown 4 marks
(b) h= 3(9.8)(0.5)(35) = 8575 m M1 AL
t1+t2:%:4,sou:19.6ms‘l Al
Answer: 8575m, 19.6 m s™* 3 marks
24 (7 marks)
Let the fall take T seconds: d = 4.9T2 B1
d _ 49T°
The sound takes 20 = 340" S B1
4972 _ 2 _
T+W—3,so4.9T + 340T — 1020=0 M1 Al
_ 2
1o 340+ ¢3409; 449)(1020) _ 5 gor o 1AL
d=4.9x2880°=4065m=41m Al
Answer: 41 m 7 marks
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25 (8 marks)
(a) Height of A: 14.7t — 4.9t B1
Height of B: 10 + 4.9t — 4.9t B1
Equating: 9.8t = 10 M1
_50 _
t=79 = 102s Al
Height =9.90 m Al
Answer: 1.02s,9.90 m 5 marks
(b) A: 14.7 — 9.8 x % = 4.7 ms™* upwards M1 Al
B:4.9 — 10= —5.1, s0 5.1 m s~* downwards Al
Answer: A: 47 m st up; B: 5.1 m s~ down 3 marks
26 (11 marks)
(@) hy = 19.6t — 4.9t% hg = 19.6(t — T) — 4.9(t — T)? B1B1
Equate: 19.6T = 4.9(t? — (t — T)?) = 4.9(2tT — T?) M1 AL
Dividing by 4.9T:4=2t—T,sot=2+% Al
Answer: shown 5 marks
(b)t=3sh=196x3—49%x9=147m M1 A1
A:v=19.6 — 29.4=—9.8ms ! (faling) Al
B:t—T=1v=19.6 —98=98ms* (rising) Al
Answer: 14.7m; A9.8m s tdown, B9.8ms ™t up 4 marks
(0) The time of flight of A is 25 2° =4 M1
If T = 4, A hasdready landed (or is just landing) when B is thrown El
Answer: A haslanded before B is thrown 2 marks
27 (9 marks)
(a) At release the ball has velocity 3 m s™* upwards, the same as the lift; relative to the lift its M1 Al
initial velocity is 0 and the relative acceleration is 9.8 downwards
25= %(9.8)’[2, T=0.714s Al
Answer: 0.714 s 3 marks
(b) v=3— 9.8(0.7143) M1 A1
= —4.00ms % i.e 400 ms ! downwards Al
Answer: 4.00 m s~ downwards 3 marks
(c) Upward speed at releaseis3ms™: 0=9 — 2(9.8)s M1 Al
-9 _
S= 196 — 0.459 m Al
Answer: 0.459 m 3 marks
28 (8 marks)
(a) Height h = 3gT? the height fallen in the first (T — 1) seconds is 5g(T — 1)° M1 AL
Last second: %gT2 — %g(T - 1)?%= %(1/2 gT?) M1
T2 (T-1)?=2T% 92T — 1= 3T% i T2~ 4T +2=0 AL
Answer: shown 4 marks
(b)T=£@=2i\/§ M1 AL
Tmustexceedls(thereisalastsecond):T:2—\/5:0.586<1isrejected,soT:2+\/_: E1l
3414 s
Height = 4.9 x 3.414° =57.1 m Al
Answer: T=341s h=57.1m 4 marks
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29 (11 marks)
(@) 19.6=4.9t>,t=2sv=98x2=196ms* M1 AL
2
Rebound speed 9.8 m s™*: height = % =49m M1 AL
Answer: 49 m 4 marks
(b) Rebound speeds 9.8, 4.9, 2.45, ... time between impacts = 2—;: 2%x98/98=2s,thenls 05 M1 Al
S, ...
Each is half the previous: geometric with first term 2 and common ratio % M1 Al
Answer: 2s,1s,05s, ... 4 marks
(c) Sum to infinity = 2 7 =4 sof bouncing M1 Al
2
Total = 2 + 4 = 6 s: the infinitely many bounces take only afinite time, and areal ball also comes E1l
to rest at about this time
Answer: 6s 3 marks
30 (8 marks)
(a) At the greatest height v = 0: 0 = U? — 2gH M1
_ U2
SOH = 29 Al
Answer: shown 2 marks
(b) Displacement from projection to ground = —3H B1
vZ=U2+2gx3H=U?+3U? M1
= 4U?, so the speed is 2U Al
Answer: shown 3 marks
(c) On reaching the ground the velocity is —2U: —2U = U — gt M1 A1
t= 2 Al
g9
Answer: shown 3 marks
Variable Acceleration
1 (4 marks)
=B og+2
V=g T M1 A1
Whent=2,v=14ms? Al
_dv _ -2
a= g = 6ms Al
Answer: 14m st 6ms? 4 marks
2 (4 marks)
_av _ -2
i 6ms M1 A1l
s=fvdt=3t2—2t+c,ands=0whent=Osoc=0 M1
Whent=3,s=21m Al
Answer: 6 ms™2 21m 4 marks
3 (4 marks)
v=3t?—6 M1 Al
t=2v=6ms™ Al
a=6t,soat=3a=18ms? Al
Answer: 6 ms™ 18 ms™? 4 marks
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4 (3 marks)
v=f 6tdt=3t>+c M1 ALl
v=0whent=0,s0c=0andv = 3t?
Att=2,v=12ms* Al
Answer: 12m st 3 marks
5 (3 marks)
Atrest whenv=0: 3t>? — 12=0 M1
t?’=4 Al
t=2s((t=0) Al
Answer:t=2s 3 marks
6 (5 marks)
v:$:3t2—12t+9 M1 Al
Atrest: 3(t? — 4t +3)=0,503(t — 1)(t —3) =0 M1 AL
t=1:s=4m;t=3:s=0m Al
Answer:t=1(s=4m),t=3(s=0m) 5 marks
7 (6 marks)
a=12 — 6t = O for astationary value of v, sot =2 M1 Al
Vix =24 —12=12ms* Al
v=0:3t(4—-t)=0,s0t=4s M1 Al
s=6t2—tat=4s=96—64=32m Al
Answer: 12msht=4s 32m 6 marks
8 (5 marks)
v=f(6t—4)dt=3t2—4t+c,withv=3att=Osoc=3 M1 Al
s=f vdt=t3 —2t?+ 3t +c,withs=2at=0soc =2 M1 A1
Att=2v=12—-8+3=7ms 1, s=8—-8+6+2=8m Al
Answer: 7m s~ 8m 5 marks
9 (5 marks)
v=(t—1(t—3),sov=0at=1landt=3 M1 Al
a=2t— 4 at=1a=-2;at=3a=2(ms? M1 A1l
a=0at=2v=—1ms"*(minimum) Al
Answer:t=1,3; a==2,2; minimum —1m s} 5 marks
10 (4 marks)
v =10t — 3t?, a= 10 — 6t M1 A1l
a=0whent=g Al
.5 25, 50 25 25 25
V—lO(é)—?)(?)—?—?—?—?mS Al
AnSNHZt:gS,VZZ—;mS_l 4 marks
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11 (7 marks)
v=(t—2)(t—4):v>0fort<2andt>4,v<0for2<t<4 M1 Al
_ _1s 40
s—f vdt= 3t 3t° + 8t M1 Al
20 16 20
=739 =75.99=7 M1
Displacement at t = 5: 2—3? m Al
. 20 4 4 _28
Dlstance—?+§+§—?m Al
. 20 . 28
Answer: displacement 5 m dlstance? m 7 marks
12 (6 marks)
S=0:t(t? —6t+8)=0,s0t(t — 2)(t—4) =0 M1 AL
t=0,24s Al
v=3t2—12t+8 M1
t=0v=8t=22v=—4t=4v=8(ms?) A1AlL
Answer:t=0,2,4s v=8 —4,8ms! 6 marks
13 (5 marks)
a=2t—8=0givest=4, wherev=16 — 32=—16 M1 A1 Al
Check the ends: v(0) =0, v(6) = —12 M1
Greatest speed =16 ms™ (at t = 4) Al
Answer: 16mstatt =4 5 marks
14 (6 marks)
v=4t—t?(usingv=0att=0) M1 AL
@v=td—-t=0at=4s Al
2 1.3
s=2t 3t B1
(b)s=0:°(2— ) =0,50t=65 M1
V(6) =24 — 36 = —12, speed 12 ms™? Al
Answer: (a) 4s, (b) 6s, 12ms™ 6 marks
15 (6 marks)
a=—kt,sov=20— %kt2 M1 AL
v=0att=5:20=2—25k,sok=1.6 M1 Al
o _ Kz _ o 43
s=20t 6t =20t 15‘[ M1
Att=55=100— 122 = 2¥ AL
Answer: k = 1.6, 2%,0 m 6 marks
16 (5 marks)
v=2t—2)(t—3)<0for2<t<3 M1 Al
Displacement = jf v dt = [%t3 — 5t2 + 12t] M1 A1
=(18-45+36) — (5 —20+24)=9— 2 =1 AL
Answer: 2 <t < 3, displacement —% m 5 marks
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17 (7 marks)
(@ v=3t>—6t+4 M1
=3(t—1)°+1 M1
Thisisat least 1 > 0O, so the velocity is aways positive El
Answer: shown 3 marks
(b) sisincreasing and s(0) =0,sos>0fort>0 E1
a=6t—6=0whenvisleast: t=1 M1 A1
a= 0 at that time (the least velocity is1 ms™) Al
Answer:a=0att=1 4 marks
18 (7 marks)
_60t—1t% dv _ 60—2t _ B
@v= 50 dt - 50 =0whent=30 M1 Al
vmaxzwzmms‘1 Al
Answer: 18 m s™* 3 marks
60 60t — t? 1 1
(b)s= [ —g5— dt = £5[30* — 5t°,® M1 A1
= 5—10(108000 — 72000) = 720 m Al
Average speed = % =12ms™? Al
Answer: 720m, 12m s™* 4 marks
19 (7 marks)
(a) The equation v = u + at only applies when the acceleration is constant El
Here a changes with time, so v must be found by integrating the acceleration El
Answer: aisnot constant 2 marks
(b)v=f 2tdt=t>+c,withv=3att=0:v=t>+3 M1 AL
1
s= [ vdt=3t+3t(s=0at=0) Al
Answer: v=t?+3,s= %t3+3t 3 marks
(c) Student: 3+18=21ms™! B1
Correct: 9+ 3 =12 m s}, so the student's value is too large B1
Answer: 21 compared with 12 2 marks
20 (7 marks)
a=2pt+q M1
t=Ll2p+q=2 Al
t=3:9p+39=18,503p+Qq=6 M1 Al
Subtracting: p=4,q=—6 Al
v:4t2—6t,s:£3vdt:[%t?’—3t2]o3 M1
=36 — 27 =9 m (v changes sign at t = 1.5, so thisis the displacement) Al
Answer: p =4, q = —6, displacement 9 m 7 marks
21 (7 marks)
(a)v:f(Zt—8)dt:t2—8t+c,andv:12att:050c:12 M1 AL
v=t?—8t+12=(t— 2)(t— 6),arestatt=2andt=6 Al
Answer:t=2sandt=6s 3 marks
(b) s= 2t — 4 + 12t M1
(2) =2 m, o6) =72 — 144+ 72=0 ALAL
. 32 . 64
The particle goes out 3 m and returns to O: distance = 3 = 21.3m Al
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Answer : % m, 0; 21.3 m 4 marks

22 (8 marks)
2

(@v=32- 2+ d=32-2~ ML AL

v=0:t?+8t — 128 =0, thatis(t — 8)(t + 16) =0 M1

t=8s Al

Answer: shown 4 marks

2 3
(b)s=f(32— 2t — 5)dt=32— 2 — 15 ML AL
o 512 _ 448

Att—8.S—256—64—§—T Al

Distance from obstacle = 150 — ? = % m Al

Answer: % m 4 marks
23 (8 marks)

(a)%:2t+k:0Whent:2.5 M1

k=-5 Al

Answer: k = =5 2 marks

D) t?=5+4=(t—1D{t—4)=0 M1

t=landt=4 Al

Answer:t=1,t=4 2 marks

0 5t?
(C)S—§—7+4t M1
11 .9 : 9. 1
Oto1: 5 1to 4: —Esod|stance§,4t05.? A1 AL
) 1109 11 49
Tota dlstance—@+§+?—@ Al
49

Answer: 3l 4 marks

24 (9 marks)
2

()v=J(6—1dt=6t— - (v=0whent=0) M1 AL

v(6) =36 — 18=18ms*! Al

Answer: 18 ms™! 3 marks

2 3

(b) x = (6t — %) dt =3 — ML AL

X(6) =108 — 36 =72 m Al

Answer: shown 3 marks

(c) Fort>6:x =72+ 18(t — 6) M1 A1

72 +18(t — 6) = 1000, sot =57.56 s Al

Answer: 57.6s 3 marks
25 (10 marks)

(@v= f (12t — 2t?) dt = 6t2 — %ts M1 AL

_ 3 _ 1y

s= [ vd=2 - =t Al

Att=6:v=216—144=72ms *;s=432 — 216 =216 m Al

Answer: 72m s, 216 m 4 marks

(b) Deceleration time = 7742 =18s M1 Al

Braking distance = -2 = 648

raking distance = 55— = m M1
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Total distance = 864 m, total time=6+ 18=24s Al
Answer: 864 m, 24 s 4 marks
(a=12t— 2t d=12—4t=0att=3 M1
a3)=36—18=18ms2 Al
Answer: 18 m s2 2 marks
26 (10 marks)
@s=[ 3dt=t°(s=0at=0) M1 A1
Answer: t3 2 marks
(b) Gap = 12t — t3; derivative 12 — 3t>=0,s0t =2 M1 Al
t = 2 gives the maximum (the gap increases then decreases) El
Gap=24—-8=16m Al
Answer: 16 matt=2s 4 marks
(c) t3=12t, s0t? =12 (t > 0) M1 A1
t=346s Al
Distance =12 x 3.464 =41.6 m Al
Answer:t=346s,41.6 m 4 marks
27 (10 marks)
(@v=2a+b B1
t,) — st
Average velocity = w M1
2 1
t,2 — t,9) + b(t, — t
=a(2 tl)_t(z 1)=a(t1+t2)+b M1 Al
2 1
t +t t +t
v at the midpoint ———> = 2a(~——) + b= a(t, + t,) + b, the same AL
Answer: shown 5 marks
(b) S(2) = 9, (6) = 97, average velocity = & = 22m s M1 AL
V=6t —2=22att=4 (the midpoint) Al
Answer: 22mstatt=4 3 marks
(c) For s=1t3, average velocityon0 < t < 2 isg =4, butv(l)=3%4 B1
The result relies on the velocity being linear in time (constant accel eration) El
Answer: eg.s=t3 2 marks
28 (11 marks)
(@) v = k(t® — 12t% + 36t) B1
& = k(3% — 24t + 36) = 3K(t — 2)(t — 6) = 0 M1 AL
t=2({=6gvesv=0);v(2 =k x2x16 =232k Al
32k =16, s0k =0.5 Al
Answer:t=2,k=0.5 5 marks
(b) s= [° 05(t> — 1212 + 36t) dt = 0.5[5t* — 4t* + 1817 M1 AL
=0.5(324 — 864 + 648) =54 m Al
Average speed = % =9ms™t Al
Answer: 54m,9ms™* 4 marks
(c) v=05t(6 — t)*> = 0 for t = 0 (a square multiplied by positive t) El
a=15t—2)(t—6)=0at=6 Al
Answer: a=0 2 marks
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29 (7 marks)
@@E—2(t—5=0 M1
t=2andt=5 Al
Answer:t=2,t=5 2 marks
2 12 _ 7 )
(b) foo (t — 7t+10)dt =[5 — - + 10t M1
26
=3 m Al
Answer : 2—36 m 2 marks
9 . .26 9 _ 79 .
(c) Betweent=2andt =5 P returns 5 M, S0 by t = 5 the total distanceis =3 tsz=5m which M1
exceeds 12, so Pis still returning
26 _ 10
It has returned 12 — 3 =3m M1
Diso (=26 _10_16
ISplacement = 3 373 m Al
16
Answer : 3 m 3 marks
30 (10 marks)
(a)%:4—2t:0,sot:2 M1
v=8—4=4ms? Al
Answer: 4m st 2 marks
3
(b) fo* (4t — 1) dt =22 — 21, M1
=18—-9=9m Al
Answer: 9m 2 marks
(©09—-2t=0 M1
t=45s Al
Answer: 45s 2 marks
(d) Fromt = 3to 4.5: [9t — t?] = (40.5 — 20.25) — (27 — 9) = 2.25 m, so the particleis 11.25 m M1 Al
fromthestart at t = 4.5
From t = 4.5 to 6 the velocity is negative: [(54 — 36) — 20.25|=2.25m M1
Total distance = 11.25+ 2.25=13.5m Al
Answer: 13.5m 4 marks
Kinematics Using Calculus
1 (4 marks)
v:%:Zti+3j M1 Al
Att=2v=4i + 3 Al
Speed =116 +9 =5ms™ Al
Answer: (4i +3j)yms™*, 5ms™! 4 marks
2 (3 marks)
_dv _ 6ti + 4i
a= g = tl + 4 M1 A1
Att=2:a=(12i +4) ms2 Al
Answer: (12i + 4j) m s™2 3 marks
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3 (3 marks)
_Ox _
V—E—GCOSZt M1 Al
t:%ZVZGCOS(%):?)mS_l Al
Answer: 3ms™t 3 marks
4 (3 marks)
_adv
a= g = —de M1 A1
t=0:a=—4ms %t=2a=—-4e?ms™? Al
Answer: —4ms % —4e ?>ms? 3 marks
5 (3 marks)
r(3) =7 + 6 M1 A1
Ir| =49 + 36 =1/85 = 9.22 m AL
Answer: /85 = 9.22 m 3 marks
6 (4 marks)
vau+a=B8+2x3)i+(—2+3)j=9 +]j M1 Al
r=ut+ %atzz(9+9)i + (—6 + 4.5)] M1
r=(18i — 1.5) m Al
Answer:v=(9 +j)ms™t r=(18 — 15)m 4 marks
7 (5 marks)
v = (2t — 4)i+ (3 — 2t) M1 Al
Parallel to j: thei component is zero, 2t — 4=0,s0t=2 M1 A1
v=(3—4)j=—j,speed=1ms™* Al
Answer:t=2s,1ms™? 5 marks
8 (6 marks)
V= f adt = (3t% + ¢,)i + (—2t + c,)j; with v(0) = 3i +j: v = (3t* + 3)i + (1 — 2t); M1ALA1L
r=f vdt=(+30i + (t— 13 (r=0at=0) M1 A1
Att=2:v=(15 — 3)ms ™, r=(14i — 2)) m Al
Answer:v= (15 — 3))ms™ ,r=(14i — 2)) m 6 marks
9 (5 marks)
V= % =2e '+ 2t(—e™") (product rule) M1 Al
=2e7'(1—1) Al
v=0only whent=1(e"">0) Al
(1) =2et= % m Al
Answer: % =0.736 m 5 marks
10 (5 marks)
v =3i + (4 — 4t)] M1 Al
Speed® =9 + 16(1 — t)? M1
Thisisleast whent =1 Al
Least speed =3 ms™?! Al
Answer: 3ms~tatt=1 5 marks
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11 (4 marks)
Speed =/(—3)?+4? =5ms™? M1 Al
The direction is north-west: the angle west of north is tan‘l(%) =36.9° M1
Bearing = 360° — 36.9° = 323° Al
Answer: 5m s™! on a bearing of 323° 4 marks
12 (5 marks)
Due east of O means the j component is zero and the i component is positive: t2 — 4t =0 M1
tt—2)(t+2)=0,s0t=2(t>0) Al
Check: r(2) =i, due east B1
v = (2t — 4)i + (3t — 4)j M1
Att=2:v=8 ms™? Al
Answer:t=2sv=8 ms™ 5 marks
13 (6 marks)
F=ma a=g=(6ti+4j)ms‘2 M1 AL
v=f adt=3t% +4tj (v=0att = 0) M1 AL
r=f vdt=thi+2%;at=2r=(8 +8)m M1
Distance = /64 + 64 = 82 = 11.3m Al
Answer: (8 + 8) m, 8/2 =11.3m 6 marks
14 (6 marks)
(@a=—-5"""at=2a=—-5e"1t=-184ms™? M1 AL
(b) 10e™9% =5, 705t = % s0t=2In2=139s M1 A1
(c)s= f v dt = —20e%% + ¢ = 20(1 — e %) M1
Ast— o, s—>20m Al
Answer: (@) —1.84 m s™2; (b) 1.39's; (c) 20 m 6 marks
15 (6 marks)
(a)v:%;t:3:v:2ms‘l M1 AL
_ 8 A -2
(b)a= (1+t)2,t—3.a— 05ms M1 AL
(c)liH=1,sot=7s M1 Al
Answer: (@) 2m st (b)) =05ms™2 (c) 7s 6 marks
16 (6 marks)
Atr&ct:cos(%t)zo,so%t:%or%n,tzlom M1 A1
I 8 . 1
s= [ 4cos(zt) dt = — sin(zt) (s=0at t=0) M1 A1
1) =2 =255m,s(3) = 2, 5(4) =0 A1
Greatest displacement 2.55 m; distance = 4 x % =10.2m Al
Answer:t=1and 3; 255m; 10.2m 6 marks
17 (6 marks)
(@) v = (6t — 2)i + (3t*> — 4)j and a= 6i + 6] M1 AL
Whent=2: a=6i + 12j, so |F| = 0.8 x /180 = 10.7 N Al
Answer: 10.7 N 3 marks
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(b) Components equal: 6t — 2 =3t — 4 M1
3t2—6t—2=0 Al
t= &6@ =229s AL
Answer: 2.29 s 3 marks
18 (6 marks)
(a)x:2t,sot:% M1
_ X% X
V=772 M
A R GRE:
nswer.y—f—? 2 marks
(b) v=2i + (2t — 3)j M1 Al
Parallel toi when2t — 3=0,s0t =15 M1
r=3i — 225 Al
Answer: 3i — 2.25j 4 marks
19 (6 marks)
@) [r> = (t — 3)% + (2t — 4)? M1
=t — 6t+9+4t> — 16t + 16 = 5t> — 22t + 25 Al
Answer: shown 2 marks
(b) d(|r|>)/dt =10t — 22 =0, s0t = 2.2 M1 AL
Least |r|* = 5(4.84) — 48.4 + 25=0.8 M1
Least distance = 0.8 = 0.894 m Al
Answer: 0.894 m 4 marks
20 (8 marks)
(a) i componentsequal: 2t =t+ 3,s0t=3 M1 Al
j componentsatt=3: A: 9; B: 18 — 9=9, equal, so they collide M1
Position: 61 + 9 matt=3s Al
Answer:t=3s, (61 +9) m 4 marks
(b)va=2i +2tj =2i +6j; vg =i — 3 B1B1
_2-18 _
COSG_—\/IO\/TO =-0.8 M1
0 =143° Al
Answer: 143° 4 marks
21 (8 marks)
(a) a= % = e 12 M1 A1
t=0:a=6ms % ast> »,e”?->0,s0v—->12ms? Al
Answer: 6ms=2 12ms! 3 marks
(b) 9=12(1 — e‘"z),soe‘"zz%,t:ZIn4:2.77s M1 A1
s:f vdt =12t + 24e7"2 + c,withs=0att =0: c = —24 M1 A1
s=12(2.77) + 24(1/4) — 24=153m AL
Answer:t=2In4=277s,153m 5 marks
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22 (7 marks)

dh o o o i
@ i 2% Ecos(gt) = §cos(€t) M1 Al
t:O:%:l.OSmh‘1 Al
The greatest speed is when |cos| = 1, so % mh™t Al
Answer: % mh™t 4 marks
dh o o I 30
(b) G = O cos(gt) =0, gt=7%or % M1
t=3handt=9h Al
Heightss 7matt=3and3matt=9 Al
Answer:t=3(7m), t=9(3m) 3 marks
23 (7 marks)
(@ v=2ti +3t%, at=2:v=4i +12] M1 AL
Speed =116 + 144 = 126 ms™* Al
Answer: 12.6 m s™* 3 marks
_ [ e dr]l _ 4c+6t°
(b) |r] =4t +t,F—2t4+t6 M1 Al
. 32+192 .
Att=2: 2/%0 =125ms Al
This differs from the speed (12.6): the speed is the magnitude of the velocity, whereas d|r|/dt only El
measures the component of velocity along the line from O
Answer: 12.5, not equal 4 marks
24 (7 marks)
a=2dati + bj M1
Att=2:4a=8andb=—-3,s0a=2,b=-3 M1 A1 AL
v=(2t*+3)i — 3tj;at=1v=>5 — 3, speed =34 =583 ms™* M1 AL
r=(50+3+ 1 + (5 + 2f; A t=1:1 = (4667 +05) m AL
Answer: a=2,b=—3; speed 583 m s™%; r = (4.667i + 0.5)) m 7 marks
25 (9 marks)
(@) v = (t> — 6t)i + 4tj + ¢, withc=9i — 12] M1 AL
v = (t? — 6t + 9)i + (4t — 12)j, and v(3) = 0 Al
Answer: shown 3 marks
3
(b) r= (5 — 32 +9t — 9)i + (2> — 12t + 20) ML AL
r(3) = 0i + 2j, so Pisonthey-axis Al
Distance from (=9, 20) to (0, 2) =81 + 324 =405 =20.1 m Al
Answer: 20.1 m 4 marks
(c)a=2i +4j M1
IF| = 0.5 x 20 = 2.24 N AL
Answer: 2.24 N 2 marks
26 (12 marks)
(@) a=4e " — 2te™V? = 471 — %) M1 AL
a=0whent=2; a>0beforeand a< 0 after, sov isgreatest at t = 2 M1
v =8e=S=204ms™ AL
Answer: % =29%mstatt=2 4 marks
(b) s= f 4te™2 dt: take u = t, dv = e""%dt, so du = dt, v = —2e™%? M1
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f 4te™V2 dt = 4[—2te™2 + 2 f e 2 d] M1 A1
=—8te 2 — 16e"? + ¢ Al
s=0att=0:c=16s0s=16 — 8(t + 2)e”"? Al
Answer: shown 5 marks
(c) Ast— o, (t+2)e™? > 0,s0s— 16 m B1
16 — 8(t+2)e "2 =10,i.e (t+2)e =075 M1
Solving numerically: t = 4.24 s Al
Answer: 16 m; t =4.24 s 3 marks
27 (12 marks)
(@ v=(2t—4)i+(2t—6)j,a=2i +2 B1B1
vZ=(2t — 4%+ (2t — 6)? M1
= 8t? — 40t + 52 Al
Answer: shown 4 marks
(b) d(v?)/dt =16t — 40=0,t=25 M1 AL
v2 = 8(6.25) — 100 + 52 = 2, |east speed 2 = 1.41 ms™* AL
v(25)=i—j;av=2(1) +2(—1) = 0, so perpendicular M1 Al
Answer: {2 ms™ av=0 5 marks
(©) IVJ? = vv, so d([v]?)/dt = av + v-a= 2av M1 A1
Speed is least when d(|v|?)/dt = 0, i.e. av = 0 (a perpendicular to v) El
Answer: proved 3 marks
28 (10 marks)
_F _o_
(@) a= m=9-3 M1
_ 3.2
v=0t— >t Al
_92 13
S= §t - §t Al
usingv=0ands=0at=0 B1
Answer: v =9t — 1.5t% s=4.5t? — 0.5t 4 marks
(bya=0att=3,v=27—-135=135ms? M1 A1l
v=0:15(6—-1t)=0t=6s Al
Answer: 135ms™ t=6s 3 marks
(c)s=0:05t%9—t)=0,s0t=9s M1 AL
v(9) =81 — 121.5=—-405m s, i.e. 40.5 m s™* back towards O Al
Answer: t =9s,40.5m s™* towards O 3 marks
29 (10 marks)
dv _ 1 _
@ i —0.5v, sof v dv = f —0.5dt M1 A1
Inv=-05t+c Al
v=10at=0:In10=c, sov = 10e %% Al
Answer: shown 4 marks
(b) s= f 10e™ %% dt = —20e7 % + ¢ M1 A1
s=0at=0:5=20(1 — e *) <20 foralt Al
Answer: s=20(1 — e %) < 20 3 marks
() 10e™%* =1 s0t=2In10=4.61s M1 AL
5= 20(1 — 45) =18 m AL
Answer: 4.61s, 18 m 3 marks
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30 (9 marks)
@v=4ti+ @i +2))=(4t+3)i+2 M1 Al
r=(2t2+ 3t)i + 2 +]j M1
r=(2t2 + 3b)i + (2t + 1)j Al
Answer: (2t + 3t)i + (2t + 1)j 4 marks
(b) r(3) = 27i +7j M1
Distance = /272 + 72 =778 = 27.9m Al
Answer: 27.9m 2 marks
(c)y=2t+1,sot=y;21 M1
P y=1_(—-1y—-1+3
X=2x 7 + 3 % 5 = > M1 Al
Answer: shown 3 marks
Projectiles
1 (4 marks)
Vertically: 19.6 = 5(9.8)%, 0t°= 4 M1 AL
t=2s Al
Horizontal distance=12x2=24m Al
Answer: 2s,24m 4 marks
2 (2 marks)
Horizontal: 20 cos 30° =17.3ms™! B1
Vertical: 20sin 30° = 10 ms™ B1
Answer: 17.3 m s™* horizontally, 10 m s™* vertically 2 marks
3 (3 marks)
Speed = 8%+ 15° =17ms™" M1 AL
tan0="2,0=619" AL
Answer: 17 m s™* at 61.9° 3 marks
4 (4 marks)
At the top the vertical velocity iszero: 0=14.7 — 9.8t,t =155 M1 Al
0=14.72 — 2(9.8)H M1
_ 216.09 _
H= 196 11.0m Al
Answer: 1.5s 11.0m 4 marks
5 (3 marks)
Horizontal velocity stays 8 m s™*; vertical velocity = 9.8 x 2 = 19.6 m s™* downwards M1 Al

Speed = \/82 +196°=212ms* Al

1

Answer: 21.2m s~ 3 marks
6 (3 marks)

Xx=12x2=24 B1

y=15%x2—-49%x4=30—-19.6=104 M1

r=(24i + 104j) m Al

Answer: (24i + 10.4j) m 3 marks
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7 (7 marks)
Components: horizontal 25 cos 40° = 19.15, vertical 25 sin 40° = 16.07 B1
(a) Return to ground: 0 = 16.07t — 4.9t% t = % =3.28s M1 AL
(b) R=19.15 x 3.280 = 62.8 m M1 Al
_ 16.07° _
(C)H-Zx—%—13.2m M1 Al
Answer: 3.28s, 62.8 m, 13.2 m 7 marks
8 (7 marks)
Vertical motion; 45 = 4.9t?, t =3.03 s M1 A1
Vertical speed at impact: 9.8 x 3.030=29.7ms ™! M1 A1l
Speed = \/202 +29.70° =358 ms™? M1 AL
tan © = %, 0 = 56.0° below the horizontal Al
Answer: 3.03 s, 35.8 m s™%, 56.0° below the horizontal 7 marks
9 (4 marks)
Vertical: 40 =4.9t?, t =2.857 s M1 Al
Horizontal: 60 = u x 2.857 M1
u=21.0ms™? Al
Answer: 21.0m s™* 4 marks
10 (9 marks)
(@) Timeof flight: 0=usinOt— %gtz,sot: ZUS'gne M1 Al
. 2 .
R=ucose><2usme=2u smgOcosG Vi
_ u?sin20 L
g
Answer: shown 4 marks
(b) sin 20 = 1 gives O = 45° B1
_ u? _ 900 _
Rmax—g—ﬁ—glﬁm B1
Answer: 45°,91.8 m 2 marks
: _60x98 _
(c)sin20 = —gg0 = 06533 M1
20 = 40.8° or 180° — 40.8° M1
0 = 20.4° or 69.6° Al
Answer: 20.4° or 69.6° 3 marks
11 (7 marks)
Timeto reach the net: t = % =048s M1 A1l
Height of ball at the net = 2.5 — 4.9(0.48)? = 1.37 m M1 A1l
1.37 > 0.9, so the ball clears the net =
Timetofal 25m: t= \/2 x 2.5/9.8 =0.7143 s M1
Distance=25x 0.7143=179m Al
Answer: clearsthe net; lands 17.9 m from the server 7 marks
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12 (5 marks)
The horizontal velocity is constant: 20 cos 60° = 10 m s™* B1
The speed is least when the vertical velocity is zero, at the highest point El
Least speed=10ms™ Al
_ (20sin60°)2 _ 300
H=""%%98 ~ 196 ML
=153 m Al
Answer: 10 m s™* at height 15.3 m 5 marks
13 (6 marks)
(a)x:ucoset,y:usinE)t—%gt2 B1
t= X
~ucosH M1
. X 1 x2 gx?
y=usin® 3350 29 cos?0 =xtan® 2u? cos’0 Al
Answer: shown 3 marks
: o 9.8 x 400
(b) y =20tan 40 2 % 168 X cod0° M1 Al
=16.78 — 10.31=6.47m Al
Answer: 6.47 m 3 marks
14 (5 marks)
: Ci = 8 -
Timeto reach thewall: t = 15 cos55° — 0-9298 s M1 Al
Height = 15 sin 55° x 0.9298 — 4.9(0.9298)? M1
=7.19m Al
7.19 > 3, so the ball clears the wall by 4.19 m Al
Answer: clearsby 4.19 m 5 marks
15 (5 marks)
Both have initial vertical velocity zero, so both satisfy 44.1 = 4.9t M1
t = 3 sfor each stone Al
A lands 20 x 3 = 60 m from the foot of the cliff M1 A1
B lands at the foot of the cliff, so the distance apart is 60 m Al
Answer: t = 3 sfor both; 60 m 5 marks
16 (7 marks)
(a) sin a = 0.6, so the initial vertical speedis21ms™;0=212—-2x98xH M1
H=225m Al
Answer: 22.5m 2 marks
(b) Time of flight = 22 2% horizontal speed 28 M1
R=28x 2 =120m AL
Answer: 120 m 2 marks
(c) 15=21t — 4.9t?, s0 4.9t — 21t + 15=0 M1 AL
t = 0.9057 and 3.380, so thetimeis2.47 s Al
Answer: 247 s 3 marks
17 (6 marks)
Horizontal component of velocity: 12 cos 30° = 10.39 m s™* B1
Vertical component at t = 3: —12 sin 30° = —6; initiadly =6+ 9.8 x 3=234ms™* M1 Al
u=4y10.39*+234°=256ms " M1 AL
_ 234 _ o .
tan O = 103g9® SO 0 = 66.1° above the horizontal Al
Answer: 25.6 m s~! at 66.1° 6 marks
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18 (10 marks)
2 .
@R= 4 S'gn 29 B1
For the angle (90° — 0): sin(180° — 20) = sin 20 M1
so the ranges are equal Al
Answer: shown 3 marks
_ u?sin®0 _u?sin®(90° — 0) _ u?cos?0
(b)H, = 29 H, = 29 =g M1 Al
H,:H,=sn0:cos’® =tan’0 : 1 Al
Answer: shown 3 marks
. 60 x 9.8 . .
(c)sin20 = Zga— = 0.7500, 20 = 48.6° or 131 M1 A1
0 =24.3° or 65.7° Al
_ 784sin%0 _
H—W—6.77m0r33.2m Al
Answer: 24.3° and 65.7° 4 marks
19 (7 marks)
. a S .  pro. 1 — an . 9:8%900
Usingy = x tan 0 7 0020 with 6 = 45°: 10 = 30 X OE M1 A1l
10=30 — 8ﬁfo,sou2=44l M1 A1
u=2lms Al
s = 30 - - ; 0 -
At Pt = 5 ——es = 2020 s, v, = 21 sin 45° — 9.8(2.020) = —4.95 M1
Speed = 1(14.85)? + (—4.95)2 = 15,7 m s} AL
Answer: u =21, speed at P15.7ms™! 7 marks
20 (8 marks)
(a) Vertical: —4=25sin20°t — 4.9t% i.e. 49t — 8551t — 4=0 M1 A1
’ 2
t= 8551+ %5851 t 784 213s M1 Al
Horizontal distance = 25 cos 20° x 2.129 = 50.0 m Al
Answer: 2.13s,50.0 m 5 marks
(b) vy =25sin 20° — 9.8(2.129) = —12.31, v, = 23.49 M1
Speed = \/23.492 +12312=265ms™? Al
Angle = tan‘l(%) = 27.7° below the horizontal Al
Answer: 26.5m s™! at 27.7° below horizontal 3 marks
21 (6 marks)
(a) Only the vertical component of the velocity is zero at the highest point; the horizontal El
component u cos 6 remains
The speed there is u cos 6, not zero, and the range needs the whole flight time (twice the time to E1
the top)
Answer: horizontal velocity isnot zero 2 marks
(b) Timetotop = —14'795,5? o 0.75 s, horizontal speed = 14.7 cos 30° = 12.73 M1 A1
Range=12.73x2x 0.75=19.1m M1
Kim's value is 9.55 m, half the range Al
Answer: 19.1 m (Kim'svalueis half) 4 marks

stemup.co.uk | page 39



StemUp | A Level Mathematics | Mechanics: Kinematics | Model Answers

22 (7 marks)
(@) v =12 + (16 — 9.8t)j M1 Al
45° below the horizontal: v, = —v,, s0 16 — 9.8t = —12 M1
_ 28 _
t= 98 = 2.86s Al
Answer:t=2.86s 4 marks
(b) Dot product zero: 12 x 12 + 16(16 — 9.8t) =0 M1 Al
400 =156.8t,t =255s Al
Answer:t=255s 3 marks
23 (7 marks)
Vertical: 4=35sin25°t — 4.9t 35sin 25° = 14.79 M1 A1
49t° — 147%t+4=0 Al
_ 1479+ 14.79° — 784
t= 98 M1
t=0300sor272s Al
The ball is at height 4 m twice, once rising and once falling; it lands on the green on the way El
down,t=272s
Distance = 35 cos 25° x 2.718 = 86.2 m Al
Answer: 2.72 s, 86.2m 7 marks
24 (6 marks)
Vertically: 0 =u,® — 2x 9.8 x 30, s0u, =24.25ms ™" M1 Al
Time to greatest height = % =2474s M1
U, = % =16.17ms™! Al
u
tan® = =15500=563° Al
u=qyu’+u’=291ms™ Al
Answer: @ =56.3°,u=291ms! 6 marks
25 (7 marks)
(a) Initial vertical speed = 11 sin45° = 7.778 ms™* M1
. (7.778)% _
Rise = 5% 98 =3.087m M1
Greatest height = 4.29 m Al
Answer: 4.29 m 3 marks
(b) 9.6 =U cos45° xtand 2.0 = 1.2 + U sin 45° x t — 4.9t M1 AL
9642 3 2 x 9.6
t=—=5—5008=96—49x 0z M1
U?2=102.6, U =101 Al
Answer: U =10.1 4 marks
26 (7 marks)
(@) x=V cos35° x tand —15 =V sin 35° x t — 4.9t M1 AL
o a . 49x120°
Eliminating t: —15 = 120 tan 35 V2 oo 35° M1
V=326ms Al
Answer: V = 32.6 4 marks
(b) Horizontal: 40 cos 35° = 32.77; vertical: 40 sin 35° — 9.8 x 4 = —16.26 M1 A1
Speed = 36.6 m s~ at 26.4° below the horizontal Al
Answer: 36.6 m s™1, 26.4° below horizontal 3 marks
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27 (11 marks)

A _ 2 .2 _ U2 Sin29
(a) Atthetopv, =0: 0=u”sin"0 — 2gH, soH = 29 M1 A1
. . 2 .
Flight time Zusme,soR:ucosexZus'gne:u 35129 M1 A1l
Answer: shown 4 marks
H _ u?sin’ g
b) g = 20 207sin6 cosb MLAL
:%:%tane,sotanez% Al
Answer: shown 3 marks
(c)tanG:%:l,soez45° M1 AL
2 o o
R:%,soUZ:BOXQS:S% M1
u=242ms™t Al
Answer: 45°, 242 m st 4 marks
28 (11 marks)
(a) Vertical component = 50 x 0.6 =30 m s™%, horizontal = 40 ms™* B1
302
Extra height = %08 - 4592 m M1
Greatest height = 60 + 45.92 = 106 m Al
Answer: 106 m 3 marks
(b) —60 = 30t — 4.9t?, s0 4.9t> — 30t — 60 =10 M1 AL
t= 0+ 98%+ 1176 _ 7.71s M1 Al
Distance =40 x 7.711 = 308 m Al
Answer: 7.71 s, 308 m 5 marks
(v, =30—9.8x7.711=—4556 M1
Speed = \/402 + 4556 =60.6 ms™* Al
Angle below horizontal = tan‘l(%) =48.7° Al
Answer: 60.6 m s~ at 48.7° below the horizontal 3 marks
29 (11 marks)
C oo 2 . 1 _ 2
(@) Path:y =xtan © 2u2(1+tan 0), using p 1+tan“0 M1 A1
10 = 40T — 28x 1600 ;;600(1 +T?) M1
10u? = 40u?T — 7840(1 + T?), so 7840T? — 40uT + 7840 + 10u® = 0 Al
Answer: shown 4 marks
(b) Real T requires discriminant = 0: (40u?)? — 4(7840)(7840 + 10u®) = 0 M1 Al
1600u* — 313600u® — 245862400 = 0, dividing by 1600: u* — 196u® — 153664 = 0 Al
2
Critical value u? = 26+ {196 ;4 x 153664 _ 5001 M1
u = 22.4, so the least speed is 224 ms™* Al
Answer: 224 m st 5 marks
o TN TCR
(C)T—m—@—lZSl M1
0 =52.0° Al
Answer: 52.0° 2 marks
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30 (11 marks)

20_2
30" 3
Horizontal: 30=25cos 0 xt,t=144s
Answer:t=144s

- e O _ 3 _
(@) Aimedat T: tan 6 = cose—\/E 0.8321

(b) Projectile: y = 25sin©t — 4.9t = (25 cos O t) tan O — 4.9t*> = 30 x % —49t°=20 —

Target: 20 — 4.9t the same: they collide
t = 1.442 s height = 20 — 4.9(1.442)> =9.81 m
Answer: same height; 9.81 m

(c) The target takes 2 x 20/9.8 = 2.020 sto fall

30
Need 30 < ucos O x 2.020, sou = 2020 cos 0

u=178ms?

Answer: 17.8 ms™!

stemup.co.uk | page 42

M1 Al

Al
3 marks

4.9t? M1ALAL

El

Al
5 marks

M1
M1

Al

3 marks



