Solutions to short-answer questions

1a Whent=0z= -5
5 cm to the left of O

b Whent=3,2=32-4x3-5

= -8
8 cm to the left of O
¢ v
Cdt
=2t —14

Whent =0, —4 cm/s

d v=0when2t—-4=0
t=2
Whent=2,z=2>_-4x2—5
-9
At 2 s, 9 cm to the left of O

change in position

e Average velocity = T
change in time

—8— (-5
= # = —lcm/s
1 cm/s to the left

f Distance travelled = distance from ¢ = 0 to ¢ = 2 (when v = 0), plus distance from¢ =2to¢t =3
So distance travelled =4+ 1

=5cm
distance travelled
Average speed = —
change in time
6]
=3 = 15 cm/s
(Note: Average velocity has a direction and hence a sign, but average speed does not.)
dz
2 F- | v = —
dt
=3t2 — 4t
dv
a=—=6t—-4
dt

Whent =0,z =8,v=0anda = —4.
8 cm to the right of O, stationary and accelerating at 4 cm/s? to the left.

b wv=0when

3t2 — 4t = 0t(3t — 4) 0

t=0o0r -
-:)1'3

t=0:xz=8anda=—4
So 8 cm to the right, —4 cm/s?
4 64 32 22

PO P R
3Py 9 " 27

a=8—-4=4

22 .
S06 5 cm (o the right, 4 cm/s?
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Solve —2t% + 3t2 + 12t +7=10
Using factors of 7, t = —1 gives

—2x (-1 4+3x(-1)2+12x -147=0

Dividing by (¢ + 1),
— 2% 4 3tg? + 12t + 7
= —(t+1)(22 —5t—7)
=—(t+1)(t+1)(2t—-7)

=0
t = 3.5, ast = —1is usually discarded.
v = @
o dt
— 62 4+ 6t + 12
dv
= — =12t + 6
=% +
Whent = 3.5
v=—-6x352+6x35+12
= —40.5cm/s
a = d_v
o dt
=—-12x354+6
= —36 cm /s>
v =10
682 L6t 12 =0
?_t-2=0
(t+1)(t—2)=0
t=2

After 2s (discardingt = —1)

Distance travelled in first 2 seconds
=(—2x24+3x224+12x247)

—(-04+0+0+7)
=20 cm
Distance travelled fromt =2tot =3 is
(—2x324+3x32+12x3+7)
—(—2x224+3x22+12x2+7)
= |16 — 27|
=11cm

Distance travelled in first 3 s

=20+411
3 2
1 1
2 2

=3l cm

|

|
oo =

1
3 cm to the left



ii ﬂl{t] = E
= 6t — 2
1 1
ay (E) =6 x 5 -2
=1cm/s?
d
i vat) = d—f =2t
1
=2 x —
T > 9
=1lcm/s

i z1(t) = za(t)

3 2 =2

322 =0

2t —-2)=0
t=0and?2

The particles will have the same position at the start and after 28 s.

ii Let the distance between the particles be y = |3 — 2¢2|.
Define y = ¢* — 2¢2:
dy 2
— =3 -4
dit
_ #(3t — 4)

4
:'I}Whent:[laﬂd§

Whent =0,y =0.
4 64 32
W _ 2 =22
hent=2.v=57 "7
-2
27
Whent=2,y=8 -2 x4
=0

. . . . . 32 5
The maximum distance the particles are apartin the first2sis — = 1— c¢m

27 27

a = 6t
v=32+¢
Whent =0,v=0.

0=0+c

c=20

v = 3t
Whent=2,v=3x4

=12m/s

v = 3t

r=t +d
Whent =0,z = 0.
0=0+d

d=0

T =t



Since the particle starts at the origin, its displacement is s = z = ¢°.

a=23—2t
‘U:3t2—t2—|—{:
Whent =0,v =4.
4=0—-04¢
c=4
v=3t—t24+4=0
—(#2-3t—4)=0
—(t—4)(t+1)=0

t=4
After 48 s
v=3t—t* 1+ 4
32 £
r="" " 14t1d
5 3%— +

Whent =0,z = 0.
0=0—-0+0+d

d=10
32
= a4t
=5 3t
3x42 4
Whent =4,z = 2 2
2 3
+4 x4
2
— 182
3

2 .
18 3 m to the right

Whent=4,a=3-2x4
:—5111,/‘32

a=3—-2t=0
t=1.5s

Whent = 1.5,
v=3t—t 14
=3x15-—15%+4
=6.25m/s
23 3t
=3 g
Whent =0, =0.

0=0—-04c¢
c=10

2t 3¢t
§=— — —

3 1

+c

2x1° 3 x14
Whent=1,z = XL 2

1
— m to the left.
12



Whent=1,v=2-3

=—1m/s
a_dv
dt
— 4t — 9¢2
‘W]Jelltz1,.:;:4><1—9><12
= —5m/s?
1 5
= —— = —t
v 22 2
_dv
=
1 3 1
1
'u:—t_z
2
8§ = lt_1+c
2
Whent =1,5=0.
0= L 1!
_—2>< +e
1
0=——
g ¢
c—l
2
1 1
8=—— —
2 2t
a_dv
ot
— 312 22t 4+ 24

Solve for v = 0.
2 — 11t 4 24t = t(t — 3)(t — 8)

Since motion is only defined for ¢ > 0, it cannot be said to change direction at ¢ = 0.

t=23
a=3x%x32_-22x3+24
— —15m/s?

v=1 — 11¢% 4+ 24¢
tt 112 5
r=—— — +12¢ c
1 3+ +

Whent =0,z =10
0=0-0+0+c¢

c=10
tt 112 5

= = 119t

=73 T
54 11 x 5°

Whent =51 = — —

en , I 1 3
+12 x 52
— 9
3¢ 11x3®

Whent =32 = —
en T =7 3



112 x 32

1
= 29—
4
Whent =0,z = 0.

Total distance

1 1 1
=202+ (291 + 2E)

7

1 7
QE m left of O, 60 13 m

10 u=20,v=0,t=4
1
8= E(u—l—‘u]t

1
=_x20x14
2>< X

=40m

Ma wu=0,v=30,t=12
v=u+at
30 =12a

30

12

— 2.5 m/s>

@

b u—=30,v=>50,a =25
v=1u-+at
50 = 30 4+ 2.5¢
2.5t =20
t=28s

1 o
C 3:ut+§at

1
:0+§x2.5x202
=500m

d 100 km/h = 100 = 3.6

v=1u-+at

250
— = 2.5t

9
250
T 9x25

:1113
9

12a 100 km/h = 100 = 3.6



v=1u-+at

50
— =0.4¢
3
50
t =
3x04
2
=41_
3 8

1
b s= E{u{—’u]t

2 3 3
2
=347—m
9

13a u=2355=0,a=-98
1 o
s =ut + —at

0 = 3.5¢ — 4.9¢2
0.7¢(50 — 7t) = 0

50 1

t:—: —_—

7 s

~ 7.143s

b u=235,8=060,a=-98
— ut 1t2
S§=1Uu —I—zﬂ
60 = 35¢ — 4942

491> 35t +60=0

49¢ — 250t + 600 = 0

(7t —20)(7t —30) =0
6 2

tIQ?Dl‘d?

After 2 g s (going up) and 4 % s (going down)

14a  Maximum height occurs when v = 0.
u=19.6,a=-98,v=0
v=1u+4at
0=196—9.28t¢

19.6
t=——=2
08 °°

1
b s=ut+ Eﬂ_t2

1
=19.6x 2+ 3 x —9.8 x 2
=19.6m
With respect to ground level, height = 19.6 + 20 = 39.6 m

c u=196,5s=0,a=-98

s =ut+ lnr;t_t2
o 2

1
0= 19.6¢ + 3 X —0.8 x 2

0 = 19.6¢ — 4.9¢2
0 =4.9t(4 —t)
t=4s



d

uw=19.6,8s = —-20,a = —-9.8
1 o
& =ut+ Ea;t
1 2
—20 = 19.6¢ + 3 ®x —98 x¢

—20 = 19.6t — 4.9¢°
4.9t 194t —-20=0
492 — 196¢ — 200 =0

A =b% — 4ac
= 196% — 4 x 49 x —200
— 77616
VI & 278.596

Since the discriminant is irrational, solve using the quadratic formula:

, _ 1964 278.596

98
=~ 4.84 or —0.84

~~ 4.84 s (since ¢ > 0)

Distance = area
1
= —x35x 25
5 % %
=437.5m

Distance — trapezium area
1
=3 % (33 4+ 15) x 12
= 288 m

Halfway point is 1448 m.
1 . .
The car has travelled 2 % 8 x 12 = 48 m in the first 88 s.

It must travel 144 — 48 = 96 m at 12 m/s.

This will take 96 = 12 = 8 5.
Total of 16 s.



Since the vehicle travels 1 km = 1000 m, adding the two triangles together should give an area equal to a
distance of 2008 m. The triangles have a combined base of 25.

A:%x?ﬁxV

= 200
200 x 2
25
=16 m/s

Vv

18 After 3 s, the first car has travelled 12 x 3 = 36 m.

-

Let the second car’s final velocity be ¥V m/s. The two areas will be equal.

1
5):27sz12><30

= 360
2 x 360

27
80

3
For constant acceleration,
change in velocity

V=

acceleration = S
change in time

80 80
=3x2r 8 /8

102
19, U:—Z——3x10+5
=0m/s

a_dv
o dt
2
4

t
— -3
)

Whent =0,a = —3 m/s’.

3

¢ Minimum velocity occurs when a = 0.
i
——3=0
2
t==6

Whent = 6,



205

62
v=— —3x6+5

4
= —4m/s

£2
=——3t+5
v 4 +
a:—ﬁ £+5t+c
12 2

Whent =0,z = 0.
0=0-0+0+c¢c

c =
A
12 2
Check for change of direction of velocity.
tz

U:UifI—Bt—i—Eﬁ:U

t2 —12t4+20=0
(t—2)(t—10)=0
t=2o0r10

There will be no change of direction of velocity in the first 28 s.
Whent = 2,
28 3x2°
12 2
— 6+ 10

T +5x2

| bo

m

[
.
L] o

Whent =3,

3 3x3

12 2
9 27

== _Z 415
i 2"

3
=3-m
4

T +5x3

Distance travelled in the third second
_42 43
3 4

1

=13 m (to the left)
a=2-—-2¢
ﬂ=2t=f2+c
Whent = 3,v = 5.

5—=2x3-321¢
5=-3+¢c

c=28§8
v=2t—#>4+8

v=2t— 1> 48
2

¢
m:t2—3+8t+d

Whent =0,z = 0.



0=0—-04+04+d
d=10

t3
=1 — — +8t
3

21a a=4-—-4¢
v=4t— 22+ ¢
Whent = 0,v = 6.

6=0—0+c

c==0

v=4t — 22 + 6
=64 4t — 282

b  Minimum velocity occurs whena = 0.

i 4-4t=0
t=1
v =6+ 4t — 2¢
=64+4x1-2x1?

=8m/s

i 6+4t—22—=6
4 — 22 =0
2(2—t) =0

So the velocity of P is again 6 m/s after 28 s.

i 614222 =0
22 14t 4+ 6=0

2 _92t_3-0
(t-3)(t+1)=0
t=23
243
m:—Enw¥+m+d
r=0whent=10
s.d=0
243
T=—"— +2t> +6t
3
Whent = 3,
2 x 33
2= _ "3 12x324+6x3
=18 m

223 Whent =0,a = 27 m/s’.

b a=27—4#
4¢3
v=2Tt— — +c
3
Whent = 0,v = 5.

5=0—-0+c

c=25
4¢3

4x3

Whent=3,v=27x3 — +5



=50m/s

4¢3

4¢3
27t — — =0
81t — 4¢* = 0
(81 —4t%) =0
t(9 —2t)(942t) =0
t=45s

23a a=3-3
3¢2
v ) +C

Whent =0,v = 2.

2=0—-04c¢
c=2
3¢2
v=3 - —+2
2 +

3 x 4%
Whent=4,v=3x4— .

=—10m/s

+ 2

32
b 1123'5—?"‘2
32 £
r= — — — Qf d
2 2+ +

Whent =0,z = 0.

0=0-0+0+4d
d=0
32 4
r=— - — 2t
2 5 *
3x42 4
When t — 4,z — z -5 24
— 24 3248

=0

2da 2 _10t4+24=0
(t—4)(t—6)=0
t=4and6

b v=t—-10t+24
t3
m:ﬁg—5#+2@+c

Whent =0,z = 0.

0=0—-04+0+¢
c=20
t3 9

33
Whent:B,x:?—5x32

+24 x 3
=36 m



c a=2t—-10<0
2t < 10
t<5
Sincet >0,0<t<5H
Solutions to multiple-choice questions

1 A Whent=0,z=0
2 E Whent=0,z=0.

Whent=2,2=-2°+7
x 22 _12x2
— 4

change in position

Average velocity = —
change in time

4

T2
= —2cm/s
3 Cou=4t-3t2+c¢
Whent=0,v= -1

1=0—-04+c¢
c=—1
v=4t— 32 1

Whent=1v=4x1-3x12-1

=0m/s

4 C u=0,5=9,a=138

,sr—m—l—lat2

- 2
90:1 x 1.8 x £
2

90 = 0.9¢2

2 =100

t=10s

5 E 60km/h=60-=36

50
=g m/s
50
u , U 3,
v=u-+at
50
3
50 25
"6 ™
6 C 60km/h=60=3.6
50
=3 s
50
u , U 3

1
= — t
s 2(u+‘u]



7

10

1 50 4
_2>(3><

100

3

D Distance

= area under graph
= triangle + trapezium + triangle

1 1
:Ex4x10+§x(10+25)x2

1
—|—§x9x25

=20+ 25+ 112.5
= 167.5m

u=0,a=98,5s=40

v? = u? + 2as
=0+2x98 x40
= 784

v=4/784 =28 m/s

u=20,v=0,a=—-4

v—=1u-+ at
0=20-—4¢
t=2>5
1
3:§[u+v)t
:%x20x5
=50m

D v—=6t2 _5ttc

Whent =0,v=1.

1=0—-04+c
c=1
v==6t>—5t+1

Whent=1,v=6x12-5x1+1
=2m/s

Solutions to extended-response questions

1a

Whent =0,z = ——

7
3

Initial displacement is ; cm to the left of O.

v=1t2 4t 4+ 4
Whent =0,v =4

Initial velocity is 4 cm/s.

a=2t—-4
Whent =3,a=2(3) —4=2
Acceleration after three seconds is 2 cm,/sz.

Whenv =0,

4t 4+4=0
. (t —2)2 —0



St=2
Velocity is zero after two seconds.

Whenv = 0,t = 2

1 7
.ngmf—2@ﬁ+qm—§
8 7
=3 8F8-3
1
3

. R | :
When the velocity is zero, the particle is 3 cm to the right of O.

When:c:i},lt?'—?tz—i—clt—z:ﬂ
3 3
Tryt=1
LHS:%@F—20F+4uy-§
1 7
== —244— -
3 A3
=0

o..LHS= RHSandt=1

The displacement is zero after one second.

Also3P(t) =t* — 612 + 12t — 7= (¢t —1)(t2 — 5t + 7)
and 2 — 5¢ + 7isirreducible since A =25 -4 x 7 < 0

x=t"+2t -8t

_ dz

T dt

=43 + 4t — 8

Whent=0,v= -8

Since the initial velocity is negative, the particle moves first to the left.

v

When v = 0, 4¢* + 4¢ — 8 = 0 After one second, the particle is instantaneously at rest.
42 +t—2)=0
SAE—1D)(EE+t4+2) =0
St=1
Fort>1,t—1>0and# +t+2>0
SAE-D)(E 4+ t+2) >0
S>>0

Hence at one second the particle has travelled the greatest distance to the left.
As v > 0 when t > 1, the particle always moves to the right for ¢ > 1.

The rocket crashes when h = 0
ie.6t: — 5 =0

St 6—¢8) =0

S.t=0o0r6

..t = 6 since ¢ = 0 represents take-off.
_dv

T
= 12t — 3¢
When ¢t = 6,v = 12(6) — 3(6)>

=72-108
= —36

The rocket crashes after six seconds with a velocity of —36 m/s.



Whenwv = 0,12t — 3t> = 0

S 34 —1) =0
S.t=0o0r4
When ¢t = 4, h = 6(4)% — (4)
— 96 — 64
= 32

The speed of the rocket is zero at take-off and after four seconds. The maximum height of the rocket is 32
metres after four seconds.

_dv
T dt
=12 — 6t
Whena < 0,12 -6 <0
C012 < 6t
S2<t
The acceleration becomes negative after two seconds.

z(1l) — z(0) = 15,1

@

z(2) —z(1) =5.3 difference — 9.8

z(3) —z(2) = 45 difference — 9.8

z(4) — z(3) = —14.3 difference — 9.8

z(b) —z(4) = —-24.1 difference — 9.8

z(6) — z(5) = —33.9 difference — 9.8

z(7) — z(6) = —43.7  difference — 9.8

z(8) — z(7) = —53.5 difference — 9.8

z(9) — z(8) = —63.3 difference — 9.8

z(10) — z(9) = —73.1 difference — 9.8

The body has a constant acceleration of —9.8 m/s 2 which is the acceleration due to gravity.

Leta = —g (m/s2), v = 0 (m/s)
Using v = u + at,

v—u
t=
a
_O0—u
-9
_ v
g!
as required.
When t = E,v:ﬂ
)
8= 1(u+ﬂ)t
2
u
=—(u+0)—
_ v
=2

o 0 u? o o
The particle will have travelled — = — metres to return to its point of projection.



Consider the path of the particle from its highest point when its velocity is zero, until it returns to the point of
2

. . u
projection 5a downwards.

g
2
Thenu =0,5 = u;,a =g
29
L
and s — ut + Eat
=0xt+ gt
W
- 2g D
2
2=
g
u u
St=—(t=—— is discounted as ¢ > 0)
g [
. : 2 .
Hence the total time taken is — + = seconds, as required.
g g g
¢ Forthe return downwards, u = 0,t = E, a—=g
g
v=u-+at
=0+gx —
=Uu

Hence the speed of returning to the point of projection is u m/s.

6 Consider the throw of the stone to its maximum height. u = 14,a = 9.8,v =0
v—1u
t=

a
0—-14

9.8

10
! 10 20
It therefore takes 2 x -~ = seconds for the stone to reach the top of the mine shaft on its descent.

From this point,

1
u=—14,a = —-9.8,8s = ut + Eat2
s =14t —4.9¢%...(1)

20 b5
When the stone reaches the top of the mine shaft, the lift has been descending for = +5= 3 seconds

55
and has travelled - x 3.5 = 27.5 metres.

From this point,
8 = —27.5 — 3.5¢ ( for the lift) ... (2)

Equating (1) and (2) to find the point of impact.
—14t — 4.9¢ = 27.5 — 3.5t
5. 4.9t2 £ 105t — 275 =0

~10.5+ 1/10.57 — 4 x 4.9 x (~27.5)
3% 4.9

~i=

= 1.42857...
(the negative solution is not practical)
When ¢ = 1.42857.. .,
8§ = —27.5—3.5 x 1.42857 ...
= —32.85013...

Hence the depth of the lift when the stone hits it is 33 metres, to the nearest metre.



5
7 a 90km/h =190 x T m/s

=25m/s
25

=——t+25

v 5 +

svu=-5t+25  0<t<5

b Distance travelled = area under the graph

1
=—-x25x5
2)( x

=62.5
The distance travelled in five seconds is 62.5 metres.

8 x = 3t* — 4t + 24¢% — 48¢
dr
T a
=12¢% — 12¢% + 48¢ — 48
Whent =0,v= —48
Since v < 0, the particle moves at first to the left.
When v = 0,12t — 12t2 + 48t — 48 = 0
12—+ 4t —4)=0
L2t —1)(2 +4) =0

St=1
When ¢t = 1,z = 3(1)* — 4(1)% + 24(1)% — 48(1)
=3—-4+24—48
=-25

The particle comes to rest at (1, —25)

Whent > 1,t —1>0and#?+4 >0

L1206 —1)(#2+4) >0

Sv>0

Since v > 0, the particle always moves to the right for ¢ > 1.

, . 1
9 For the first particle, s = ut — Egrt2 wherea = —g

For the second particle, s = u(t — T') — %g(t —T)?
The particles collide when
ai ut—gﬁ:u(f—T)—%g(t—T)ﬁ
=ut —ul — %gt2+gtT— %QTE
0= —uT + gtT — %grﬂ
= T(~u+ gt — o)
.‘.—u—i—gt—%gT:I] (T #0)
Sgt=u+ %gT

u T .
St=—+ Eas required.

T
i Whent — = + —
g 2



u T u T\
o=ugrp-a(5+3)
w2 uT 1 (w2 uT T?
=5+?—59(g—2 _+T)
w2 uT w? uT g¢T?
92 24 2 8
_ u?  gT?
T2 8
= 4o’ 92T2, as required.
8g
4u2—gz(gj)2
When T = 2_1;,3: J
g 89
4u? — 4u?

b This is the case when the second particle is projected upward at the instant the first particle lands. Hence there
is no collision.

c IfT > —u, the second particle is projected upward after the first particle has landed, hence no collision.
g



