Further Projectile Motion

e.g. (1) 2014 Extension 1 HSC Q14 a)

The take-off point O on a ski jump 1s located at the top of a downslope.
The angle between the downslope and the horizontal 1s %. A skder

takes off from O with velocity V' m/s at an angle 6 to the horizontal,

whereosesz

The skier lands on the downslope at some point P, a distance D metres
from O.

" The flight path of the skier 1s given by

v \ x=Vtcosd , y= %gt2 + Vitsin @

where ¢ 1s the time in seconds after
\ take-off.
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a) Show that the Cartesian equation of the flight path of the skier 1s
given by 2
y = xtand — & =— sec o
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b) Show that

— %gtz + Vitsin@
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(at P,t>0)



2
¢) Show that ill_]; =22 L(cos 20 —sin 20)
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= ZJ_— cosd(sinf + cosf)

= 2\/51 (cosfsinf + coszﬁ)
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dD = ZJ_— (cos 28 — 2cosfsinf)

= 2J_—(cos 260 — sin 20)




d) Show that D has a maximum value and find the value of 6 for
which this occurs.
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(i1) A stone 1s thrown so that 1t will hit a bird at the top of a pole.
However, at the instant the stone is thrown, the bird flies away in a
horizontal straight line at a speed of 10 m/s.

The stone reaches a height double that of the pole and, in its descent,
touches the bird.

Find the horizontal component of the velocity of the stone.

Assuming their 1s no air resistance, the path of a fgxlt;ne: gfo ;1?
projectile will be a parabola quad%atic
function, can
The greatest height will occur at the vertex of assist in solving
the parabola, so let the coordinates of the vertex projectile motion
be (0,24). \_ questions /

Thus the equation of the parabola will be y = 24 — fex”



»t wheny = h,h=2h— kx’

ey
2 h

x:_

k

X == ﬁ

k
so the bird flies a total

of 2\/% metres at 10 ms

wheny =0,0 = 2% — kx’

» |k fx” = 2h
k
B 10 x2=%
k
1 |h
5Nk X == %



2h h
th k travels _ [— + \/:
e rock travels _ | . k

— \/% (Jz + 1) metres horizontally
d

o_d
[
:\/%W“)
1\/2
5Nk

= S(Jer 1) ms~

~ horizontal velocity of the stone i1s 5(«/5 + 1) ms '




Projectile Motion & Resistance

2003 Extension 2 HSC Q5 b)
A particle of mass m 1s thrown from the top, O, of a very tall building
with an initial velocity u at an angle of  to the horizontal. The
particle experiences the effect of gravity, and a resistance
proportional to its velocity in both direcgions.
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The equations of motion in the horizontal and
vertical directions are given respectively by

¥=—kx and y=-ky—g
where k 1s a constant and the acceleration due
to gravity 1s g.
(You are NOT required to show these)



a) Derive the result X = ue™ cosa 1 i

dx t=——lo
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t = 1 @ —kt = log( j
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b) Verify that y = 1 [(ku sina+g)e™ — g]satisﬁes the appropriate

equation of motion and 1nitial condition
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c¢) Find the value of # when the particle reaches its maximum height

Maximum height occurs when y =0
1.
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d) What 1s the limiting value of the horizontal dlsplacement of the
particle?
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Further Simple Harmonic Motion

Hooke’s Law
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try x = e’




Damped Simple Harmonic Motion

However a spring behaving like a sine curve would not make a good
shock absorber, so a damper 1s added

= kx||R, = cx mx = —cx — kx
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Exercise 6F; 2, 4,5, 8,10, 11, 12, 14, 15, 16,17, 19, 20

Exercise 6G; 2, 3,5,6,7,9,12,13, 16
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