1a v=6+pttqgt
1 2 1 4

Whent =0,z = 0, S.ooe=0

Whent =2,z = 16, s 16=1242p+4q
4=2p+ 4q
2=p+2q @
a:p+3qt2

Whent = 2,a = 32, s 32=p+12g )

Subtracting (i) from @) gives

30 = 10q
q=3
Substituting in () gives
2=p+2x3

p=—4

b v=6_-4t+3%anda= —41 9
Whena =0, —4 4+ 9t =0
0t2 =4

(the negative solution is not appropriate)

W bS]

3
2 2 2
Whent:§,v:6—4x§+3x (—)

. L2
The velocity of the particle is 4 9 m/s.
1
2a Using s = ut + Eatz where s = 0,t =3,a = —9.8

1 2
0:3u+§ x —98x3
—3u=—-44.1
u=14.7
The speed projection is 14.7 m/s.

b Consider the last 20 m of the fall, with u = —14.7,a = —9.8 and s = —20, and use
v2 = u® + 2as
vt = (—14.7)2 +2 x —9.8 x —20
= 608.09
v = +4/608.09

and, as the stone is moving in a negative direction,

v = —+/608.09
~z —24.66

The speed when the stone hits the ground is 24.66 m/s.



3 a

b

1
Using 8 = ut + Eatz and s = 10,u = 14.7,a = —9.8

1
10 = 14.7¢ + 2 % —9.8¢#2

10 = 14.7¢ — 4.9¢
4.9t - 147t +10=0
Using the general quadratic formula
4T V1477 — 4% 4.9 x 10

2x 4.9
~ 1.043,1.957

The stone is 10 m above the top of the cliff at 1.043 and 1.957 seconds.

The stone is 5 m above the ground when
8=5-20
=-15

1
Using s — ut + Eat2 and s = —15,u = 14.7,
a=-98

— 15 = 14.7t — 4.9¢2
4.9t2 147t —15=0

Using the general quadratic formula
14T+ V1477 —4x 49 x —15

2x49
~ 3.805 (negative answer is not appropriate)

The stone is 5 m above the ground after 3.805 seconds.

Consider the first half of the journeywhereu =0, v=V,a =a,8 = 81

’uz = u2—|—2as

. - U2 — 1.!.2
¥T T o
v2_o?
ST T
V2
" 2
For the second part of the journey, u =V, v =0,a = —7,8 = 39
02 —v?
2= "5
V2
" 2
Total distance = 5; + 59
V2 V2
~ % o
. Vir 4 vVia
N 2ar
V2(a+r)
- 2ar
Via+r
The length of the test run must be at least %
ar
Vﬂ(a +7) . , . .
Note that oar is less than the value found in part a. So the car does notachieve its top speed for

this test run length. Assume it reaches a speedaf £V where 0 < k < .
k2V2(a+7)

Using the same method as parta, 8; + 83 = 5
ar



2V2(a+r)
s1483=—""=

Oar
E2V2(a+r)
- 2ar
Given

o4
9
2
k= —
3

. 2 . .
The car attains a speed of 5V in this case.

Represent the information on a velocity-time graph.

Velocity
i
D
2/3\k =
P e pdime
0
T
] |

If T is the total time taken, then

1 9 2V2a4r
1 . (_V): 2Vi(a+r)

2 3 Yar
V2
lyp_2Vlatr)
3 9ar
2V
y A )
3ar
. 2Via+r) . . .
ii  Note that —3ar is greater than the value found in part a. So the car reachesits top speed, stays there

for a time, then brakes till it comes to rest.
Represent the information on a velocity-time graph.

Velocity
i
Vv > * > |
A,
..'. Al A|
e . ) N pTime
0 T
- -
Via+r
From parta, A; + Az = g
2ar

B 2V3a+r) V2(a+r7)
N 3ar 2ar

Ay



V2
Hence —= ﬂ E _ l
ar 3 2

Vz(a +7)
Gar

If ¢ is the time taken while travelling at constant speed of V, then

Vi = Ay
Ay, V(a+r)
t=—— = —— =~ 1
v bar (1)
Now let T be the total time taken and use the formula for the area of atrapezium (or use two triangles and a
rectangle):
1 2V2(a +7)
—(TH+t)V=—"——
2 (T +¢) 3ar
v
T+t= Via+r)
3ar
AV(a+r) V(ia+r) .
I= 3ar "~ 6ar (using (1))
_ Via+r) 4 1
- ar 3 6
_ TW(a+r)
N Gar
distance travelled
iii Average speed = -
time elapsed
B 2V2(a+7) _TV(a+7)
B 3ar | Gar
2VZi(a+r) 6ar
= ®
3ar V(a+r)
_y
7

4 a Particle X
When X reaches its maximum height v = 0.

Using v? = u? + 2as
0=280%—2x gxs

6400

2

3200

g
16 000

49

5 =

&

m

T+-.c

ground

When does particle X reach a height 80 m below its maximum height?

This can be found in several ways. Computationally, it is easiest to stay in the same reference system, with up
as positive for displacement measured from ground level.



12080

displacement from ground =

49
. 1 o
Using s=ut+ Eat
12 080
n = 80t — 0.5 x 9.8 x 2
12 080
4.9¢2 _ 80t =0
T
12080
81]:|:\/802—4 x 49 x
L 49
- 2 % 4.9
80+ /1568
- 9.8
_ 80428(/2
9.8

~ 12.203... and 4.12265...
The larger value gives the time when it goes through the required point on the way down.

Particle X reaches the ground in time given by

1
G:Sl]t—ixgxtg

ie.0 = t(SU - %gt)

160
ie.t=00r —

80 160
time taken from m to ground = T —12.203...

49
=4.12265...

l ve
300 m

ground

b ParticleY
Usingt = 4.12265...,u=v,8s=300anda=g

1
and s = ut + —at?

2
1
300 = v x 4.12265... + 5 x 9.8 x (4.12265...)°
v = 52.5677...

The value of v is 52.568 m/s, correct to three decimal places.

5@ Letvm/s bethe velocity.
v=4—10t — 3¢

i Leta m/s® be the acceleration.
a=—10— 6t
pi Whent=0, v=4-10(0) - 3(0)?
=4
The initial velocity of X is 4 m/s.



ii Whent=0, a=—10—6(0)
=10
The initial acceleration of X is —10 m,/sz.

¢ For particle Y, a=2-—6t
v=2—-3+¢
Whent =0,v=2
2 =2(0) —3(0)% +¢
c=2
v=2t—3t 2
s=t £ +2+d
Whent=0,5s=0
d=10
=1 — 3+ 2
When X and Y collide
28 + 4t — 582 — £ = — 5 + 2t
— 6% +2t+28 =0
32 _t—14=0
(3t—T7)(t+2) =0

t= 3 (negative solution is not appropriate)
t=2 !
73
X and Y collide after g seconds.
7 7 ’
d Whent= —, velocityof X =4 —-10x — —3 x (5)
70 147
—4_— _ L
3
107
=——3 m/s = —35- m/s
7 7 ’
velocity of Y = 2 x 3= 3 x (5) +2
14 147
3 9
29 2
:—?mfs:— Em/s

X and Y are travelling in the same direction and X is travelling faster than Y, catching up and colliding with
Y.



