Year 12 Mathematics Extension 1

PI'Oj ectile motion . Solutions Main Menu

36 A rock is projected with a velocity of 29.4 ms™ at an angle of 30° to the horizontal. What

37

38

is the maximum height reached by the rock? Let g be 9.8 ms>
(A) 0.375 metres

(B) 7.653 metres

(C) 11.025 metres

(D) 22.050 metres

A football is kicked at an angle of o to the horizontal. The position of the ball at time ¢
seconds is given by x =Vicosa and y=Visina —% gt* where g m/s? is the acceleration

due to gravity and v m/s is the initial velocity of projection. What is the maximum height
reached by the ball?
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A particle is projected from a window 9 metres above the horizontal ground, at an angle
of @ to the horizontal, where tan@ = % and the initial velocity is 20 metres/second.

‘What is the maximum height above the ground reached the particle?
Assume g =10 ms™.

“(A) 6.5 metres

B) 7.2 metres
(C) 15.5 metres
(D) 16.2 metres
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39 A particle is projected from a horizontal plane at an angle of elevation of 30° with a
speed of 100 m/s. Assume the acceleration due to gravity is 10 m/s2. What is the
equation of the trajectory?
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40 A ball is thrown from the origin O with a velocity V and angle of elevation of &, where

o= % What is the equation of flight of the ball?
1, .

(A) y= —Egt —Visiné
1, .

B) y= ~§gt +Vtsind

(€) y=xtand —%hxz(l +tan® 8)

o y= xta.r19+zlzx2(l+tan2 &)

41 A body is projected horizontally from the top of a cliff 20 metres above the water with a
velocity of 30 m/s. What is the horizontal distance travelled?

(A) 20m
(B) 30m
() 60m
(D) 120m
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42 A particle is projected with a speed of 20 m/s and passes through a point P whose

43

44

45

horizontal distance from the point of projection is 30 m and whose vertical height above

the point of projection is 8% m. What is the angle of elevation 8? Take g =10 m/s?.
4,3
(A) O=tan" (=)
4
(B) &=tan™ (g)
© o=

D) 6= tan‘l(%)

A stone is thrown from the top of a 15m cliff with an initial velocity of 26ms™ at an

angle of projection equal to tan™ (%) above the horizontal. The equations of motion of

the stone are ¥ =0 and J =—10. What is the time when the stone will reach the ground?
(A) 2 seconds
(B) 3 seconds
(C) 4 seconds
(D) 5 seconds

A missile is fired from the edge of a cliff 100 m high with a velocity of 200 m/s. If the
angle of projection is 20° above the horizontal, what is the time of flight? Assume the
acceleration due to gravity is 10 m/s”,

(A) 15 seconds
(B) 16 seconds
(C) 17 seconds
(D) 18 seconds

An object falling from rest in air is subjected to an acceleration ¥ = g —%, where g and k&

are constants and v is the velooity at time 7. Which of the following is the correct
equation for velocity?

@) v=—,§’~<l—e’i>
(B) v:gka—e”i)
© v=—§a—ei>

D) v= gk(l—ei)
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Criteria

Vsin® «

2g
36 1 (29.4)*xsin?30
T 2x938
=11.025 metres

h=

1 Mark: C

y= Vlfs'ma——;«gt2
y=Vsinag—-gt

Maximum height when =0
0=Vsina—gt
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1 Mark: C

39

x=VcosbBt
=100cos30¢

=503t 0

y=—%gz‘2 +Vsin6t

:_%xIOxt2+IOOSin3Ot

=57 450 )
X

5043

2
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=-5x| —=| +50x——=
’ (50\/5) 5043
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J3 1500

From eqn (1) t =

sub into eqn (2)

1 Mark: D

y=-10 tan&-—-% or sin9=%or cos&=%
y=—10t+Vsiné

When t=0, ¥ =20 implies Vsim9=20><%=12

$ =10t +12

y=-52+12t+c

38 When =0, y=9 implies c=9
y =52 +12¢+9

Maximum height occurs when y =0

0=-10r+12 ort=%

2
y= —Sx(éj +I2x9+9
5 5

=16.2

1 Mark: D

40

x=Vtcosé ¢y
y=—%gt2+Vtsin9 )

Fromeqn (1) t = x
V cos

7 sub into eqn (2)

1 X X .
=—— +V sin @
7 2g(Vc059) (Vcosﬁ)
g’ sin Ox
TS ags T
2V*cos 8@ cosf
_ gxtsec’d
272
2 2
= 28750 0 nox
4

2 2
= X% 9+ta119x
4h

+tan fx

= xtar10~ixz(l+tan2 8)
4h

1 Mark: C
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41

¥=0

x=Vcosf

When ¢t=0, V=30, =0 implies ¥ cosd =30
x=30

x=30t+c

When ¢t =0, x=0 implies ¢=0

x=30¢

y=-10

y==10t+Vsinf

When ¢t =0, V=30, &=0 implies V'sinf =0
y=-10r~

y==5+c

When ¢ =0, y=20 implies ¢ =20

y=-52 420

Particle reaches the water when y =0
0=-5+20ort=2

Horizontal distance travelled

x =30t =30x2=60m

1 Mark: C

42

x=Vtcos@

y=—%gt2 +Visin 0
=20tcosd

=——%><10><z‘2 +20¢sin @

=512 +20¢sin @

At P(3O,-3—§) 30=20tcosBort =
4 2cosf

3745 =—5¢* +20tsind

7 =41 +161sin6

2
7=—4( 3 ]+16x[ 3 jxsin&
2cosd 2cosf

7 =-9sec’ 6+24tan
7 =-9(tan’ 6 +1)+ 24 tan &

9tan’ @ -24tan H+16=0

(Btand-4)* =0

3tanf =4

tand = 4 oréf= tan“l(i)
3 3

1 Mark: B
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Impact occurs when y =0
y=-10
y==10t+c

When =0, V=26 and tam9=i (sin(-)=—§—)
12 13

Hence j/=Vsin9=26x—15§=10 and ¢=10

43 | y=—10t+10 1 Mark: B
y==5+10t+c
When t=0, y=15 and hence ¢=15
y=-5+10t+15
=-50*-2-3)
=-5=-3)(r+1)
Therefore if y =0 then =3
Tmpact occurs when y =0
y=-10
y=-10t+c
When =0, V=200 and 8 =20
Hence y=Vsinf =200sin20" and ¢ =200sin20°
y=-10r+200sin 20"
m y=-5t*+200sin20°f + ¢ { Mark: A

When =0, y=100 and hence ¢ =100
y=—52 +200sin 20" +100
=—5(:* —40sin20°1 —20)

_ 40sin20+++/(~40sin 20)? —4x1x 20

Therefore if y =0 then ¢ 5

=15.012985... or —1.3321800...
~15
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eV
x—g—;

dv v kg-v
a fTE Tk
dr _ k
_z;;_kg—v

. kdv

kg —v

=—kln(kg ~v)+c

Initial conditions r=0and v=10
45 | 0=klog,(kg)+c orc=klog,(kg)
t =—kIn(kg —v)+klog,(kg)
Lo te
k kg —v
o= t8_

kg—v

L
kg—v=rkge *

t
v=kg —kge *

-L
= gk(-¢ )

1 Mark: B
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