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Question 1

Worked Solution

s =3t =212+ 6t,t > 0.
Part (a): Acceleration at each instant of rest
Velocity: v =9 =¢>—5t+6 = (t — 2)(t — 3)

v=0whent=2ort¢t=3.

Acceleration: a = % =2t—5

Att=2a=4—5=—1ms?
Att=3:a=6—5=1ms?

Att=2a=—-1ms % att=3 a=1ms?

Part (b): Total distance in 0 <t <4

Positions:
s(0) =0,
s(@)=2—10+12=2+2=",
3(3)=9—455+18=27—475=§,
s(4)= o 40+ 2= —16=

P moves from s = 0 to s = & (forward), then back to s = § (backward), then forward
tos =18,
3

Total distance:

_ M4 (14 9\ (16 9\ _14 28-27 32-27 14 15 14 17

3 \3 2 3 2) 3 6 6 3 6 6 3 3
1

Total distance = 37 = 5% m
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Question 2

Worked Solution

s = 4= (t* — 203 + 100¢?), 0 < ¢ < 10.
Part (a): Explain restriction 0 <t <10

At t =0: s = 0 (bird at nest). At t=10: s = (10000 — 20000 + 10000) = 0 (bird
back at nest).

Note that s = 75¢*(t — 10)* > 0 for all ¢ in [0, 10], confirming the bird stays on the
positive side of the nest.

The restriction 0 < ¢ < 10 captures the full flight from nest departure (¢t = 0) to
return (¢ = 10); outside this range the model is not valid.

Part (b): Distance from nest when bird first at instantaneous rest
Velocity: v =% = ;-(4t3 — 60¢* + 200t) = Z(¢t — 5)(¢t — 10)

v=0att=0,5,10. First rest after t =0 is at ¢t = 5.

s(5) = (625 — 2500 + 2500) = 62 = 62.5 m.

Distance from nest = 62.5 m
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Question 3

Worked Solution

v=2t> -9t +4, s(0) = 15 m.
Part (a): Times when P is at rest
v=0:22 -9t +4=(2t—1)(t—4) =0

_ 1 _
t—iort—él.

t=Llsandt=14s ]

— 2

Part (b): Acceleration when ¢t =5
a=L=4-9 Att=5a=20—-9=11ms >

Acceleration at t = 5 is 11 ms™> ]
Part (c): Total distance in 0 <t <5
s= [vdt =2 — 2 4 4t + C. With s(0) = 15: C = 15.

3 2
Positions:
2 9 1 9 9 27 408 383
N=— - 42+15=—= -4 17T=— - — + — = —
5(2) = o1 g T2t 2 8" 24 24T 1T

128 128 128 —123 5
3(4):7—72+16+15:?—41:T:§

Wait: s(4) = 269 _ 208 | 44y 4 15 =18 _ 724 164+ 15 = 128 47 = 128123 _ 5.

3 2 3 3
s(5) =282 — 25+ 20415 =20 — 28 4 35,
— 500 _ 675 4 210 _ 35

6 6 6 6"

Velocity is positive for 0 <t < %, negative for % < t < 4, positive for t > 4.

Total distance:

= [s(3) = 5(0)] + [5(3) — s(4)] + [s(5) — s(4)]

5(0) = 15, 5(3) = B2, 5(4) = 3, 5(5) = .
s(3) — 5(0) = 8 — 15 — gm0 _
s(3) - s(4) = %2 — 2 — 31

() —s) - £ -§-F-_p-2_uw

Totalzﬁ—i-%—l-m:%:%mw/lm.

Total distance = % ~ 194 m
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Question 4

Worked Solution

v=1t>— 3t +4.
Part (a): Times when P is at rest

=3t +4=0 = t?—-6t+8=(t—2)(t—4) =0
t=2sort=4s.

t=2sandt=4s

Part (b): Total distance from ¢t =0 to t =4

s=fudt=% — 3 | 44

Velocity is positive for 0 < ¢ < 2, negative for 2 < ¢t < 4.
s(0)=0,s2)=8-6+8=2+2=2 54)=%—-24+16=32-8=2%
0

Total distance = s(2) — s(0) + [s(2) —s(4)] =R+ (¥ -5 =2L+2=4m.

Total distance =4 m
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Question 5

Worked Solution

v =2t — 14t + 20, t > 0.

Part (a): Times when P at rest

22— 14t +20=0 = 2 —-Tt+10=(t —2)(t —5) =0
t=2sort=5s.

t=2sandt=5s

Part (b): Greatest speed in 0 <t <4

Att=0:v=20ms!

Minimum of v occurs at ¢ = I = 3.5: v(3.5) = 2(12.25)—49+20 = 24.5—49+20 = —4.5
ms!

So speed = 4.5 at t = 3.5, and speed = 20 at t = 0.

Att=4: v=232-56+20=—4 ms™!, speed = 4.

Greatest speed is at t = 0: |v| =20 ms™!.

Greatest speed = 20 ms™! (at t = 0)

Part (c): Total distance in 0 <t <4

s:fvdt:¥—7t2+20t

s(0)=0,52) =3 —284+40=L+12=2 s5(4)=128_1124+80=12 -32=322
Velocity positive for 0 < t < 2, negative for 2 < t < 4.

Total distance = s(2) —s(0) + [s(2) —s(4)] =2+ (2 -¥)=2+2 =2 =24m.

Total distance = 24 m

(@
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Question 6

Worked Solution

a=4t3 —12t. At t = 0: speed = 8 ms™! (positive z-direction), position = 0.
Part (a): Velocity at time ¢

v=fadt=t*—62+C. Att=0,v=28: C=28.

v=1t"—61+8 ms'.

v=t*—6t24+8 ms!

Part (b): Displacement from origin at time ¢

s= [vdt= % — 2t + 8t (constant = 0 since at origin when ¢ = 0).

5

t
s:g—2t3—|—8tm

Part (c): Times when P at rest
v=0:t'—62+8=0 = (*-2)(t*—4)=0
2=2 = t=+2s =4 — t=2s.

t=+v2sandt=2s
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Question 7

Worked Solution

C)st=3¢% 0<t<4
S l16-2t, t>4
At t =0, P at origin O.
Part (a): Greatest speed in 0 <t <4
dv
D=8-3t=0 = t=3.
8

8 _g.8 3 64_64 32 _ 32 1
U(3)_83 2°9 — 3 7 3 e

32
Greatest speed in [0,4] = 5 ms”

Part (b): Distance from O when ¢t =4

1

4
s=Jy(8t—3)dt= 4~ 5] —64—32=32m.

Distance from O at t =4 is 32 m

Part (c): Time at rest for ¢t > 4
16 -2t =0 = t=8s.

Patrestatt=8s

Part (d): Total distance in first 10 s

For t > 4: s = [(16 — 2t) dt = 16t — t* + C.
Att=4,5s=32m: 32=64—-16+C = C = —16.
So s = 16t — t* — 16.

At t =8 s = 128 — 64 — 16 = 48 m (direction changes here). At ¢ = 10: s =
160 — 100 — 16 = 44 m.

Distance from ¢t = 4 to ¢t = 8: 48 — 32 = 16 m (forward). Distance from t = 8 to
t =10: 48 — 44 = 4 m (backward).

Total distance = 32 + 16 +4 = 52 m.

Total distance in first 10 s = 52 m
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Question 8

Worked Solution

10t —2t2, 0<t<6
B {—432/752, t>6
At t =0, P at origin O.
Part (a): Displacement when ¢ = 6

6
s= [y (0t =26 dt = |52 — %] =180~ 144 =36 m.

Displacement at ¢ = 6 is 36 m

Part (b): Displacement when ¢ = 10

Fort>6: s=[=2di =%+ K.

At t=6,5=36:36="24+K=T72+ K — K = —36.
Sos:4—§’2—36.

Att=10: s=%2-36=432-36="72m.

Displacement at ¢t = 10 is 7.2 m
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Question 9

Worked Solution

v=23t2—4t+3. At t =0, P at origin O.

Minimum velocity when % =0

6t—4=0 = tzg

(Second derivative = 6 § 0, confirming minimum.)
s=[odt=8-224+3t+C. Att=0,s=0: C=0.
At t=2:

o (2 (2 . a(2)_8 8,,_8 2 54 38
- \3 3 3) 27 9 27T 27 27T 27

38
Distance from O when moving with minimum velocity = 77 m
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Question 10

Worked Solution

v=10t —t* — k, t > 0. P at rest when t = 6.

Part (a): Acceleration at time ¢
— dv _
o =1 =10—2t

a= (10 —2t) ms?

Part (b): Other value of ¢ when P at rest
Att=6:v=0 = 0=60—36 -k = k= 24.

Sov =10t — t? — 24 = —(t* — 10t + 24) = —(t — 4)(t — 6).
v=0att=4ort=06.

Other value: t =4 s

Part (c): Total distance in 0 <t <6

v=—(t—4)(t — 6): negative for 0 <t < 4, positive for 4 <t < 6.
s:fvdt:5t2—§—24t

s(0) =0, 5(4) =80 —% —96=—16 — & = —12, 5(6) = 180 — 72 — 144 = —36.
Total distance = |s(4) — s(0)| + |s(6) — s(4)]

_ 112 112 _ 112 112 _ 224 _224-108 __ 116
=2+ (36— (-3) =F+ P -36=-36=25E=Fm

11
Total distance = ?6 m

End of Worked Solutions

10



