VISUAL PHYSICS ONLINE

PROBLEM PO113A

Two balls are launched from the top of a cliff. Ball A has an initial
velocity of 8.00 m.s! at an angle of 30.0° w.r.t. the horizontal
and ball B has an initial velocity of 10.0 m.s™ at 60.0° to the

horizontal. The height of the cliff above sea level is 4.00 m.
Ignoring air resistance, calculate:

A. The initial components of the velocity of the two balls.

B. The time taken for both ball to reach their maximum
heights.

C. The positions of the two balls (horizontal and vertical
components w.r.t Origin) when they are at their
maximum heights above sea level. What are the
maximum heights of the balls above sea level?

D. The speed of the balls at their maximum height.

E. The relative position of ball B w.r.t. ball A when ball A is
at its maximum height.

F.  The relative velocity of ball B when ball A is at its
maximum height.

G. The velocities of the balls as they enter the sea water.

H. The flight times for the balls to enter the water.
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|.  The horizontal distance from the base of the cliff to
where the balls enter the sea water.

J.  Sketch the following graphs (scaled axes) for both balls:
(sy / sy), (sx /1), (sy/t), (vx / t), (vy / 1).

To help you gain a better understanding of solving numerical
physics problems, you should work through the Matlab code to
see how to approach solving such problem. Even if you don’t
know about Matlab, you will be able to figure out how | solved
the problem. Take note of the letters used to identify the

physical quantities.



% sp_projectiles.m
clear all
close all
clc
% INPUT ======================================
g = 9.81;
u = [8 10];
A [30 607];
h = 4;
ax = 0; ay = - g;
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Initial wvelocites
.* cosd(A)
.* sind (A)

ux
uy

u
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When both balls are their highest positions

o° o°

times, velocities and displacements
tH = -uy ./ ay
sHy = uy.*tH + 0.5 * ay * tH."2
sHx = ux .* tH
% When ball A is at its highest position:
time tH (1)
% Position of ball B
sAxXx = sHx (1) ;
sAy = sHy(1l);
sBx = ux(2) * tH(1)
sBy = uy(2) * tH(1l) + 0.5%ay*tH(1l)"2
SBAx sBx - sAx
SBAy SsBy - sAy
sBA = sqgrt (sBAx"2 + sBAy"2)
angleBA = atan2d (sBAy, sBAX)
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When ball A is at its highest position:

time tH (1)

velocity of ball B

VAX = ux (1)

vAy = 0

vBx = ux(2)

vBy = uy(2) + ay * tH(1)

vVBAX = vBx - VAX
vBAy = vBy - VAy

VBA = sqgrt (vBAx"2 + VvBAy"2)
anglevBA = atan2d (vBAy, VBAX)



Q

o

As the balls enter the water
sy = -h

VAWX = ux (1)

VAWy = -sqgrt(uy(l) *2+2*ay*sy)
VAW = sgrt (VAWy"2+vAWy"™2)
angleAW = atan2d (vAWy, VAWX)

vVBWx = ux(2)

VBWy = —-sqgrt (uy(2) *2+2*ay*sy)
vBW = sgrt (vBWy”"2+vBWy”*2)
angleBW = atan2d (vBWy, vBWx)

tAW = (VAWy - uy(l))/ay
tBW = (VBWy - uy(2))/ay
SAWx = ux(1l) * tAW

SsBWx = ux(2) * tBW



Solution

a =0
Y
j u =uxf+u j
N )
i X
v, =0
o(0,0) ¢
u_=1ucos@
u =usinf
h=4.00m
\/ sea level

final displacement s,

range S,

\ 4

_ _ 1 2 2 2
v, =u tat s =ut+iat v o=u +2a},s},

u, =8.00 m.s” 6, =30.0°
u, =10.00 m.s” g, = 60.0°



A

Initial velocities u,=ucosé u,=using
-1 -1
Ball A Uy =6.93ms™ u, =4.00m.s

Ball B Ug, =5.00 m.s™ uy =8.66 ms™

B

At the maximum height, the vertical velocity is zero v, =0.

Time to reach max height

—u
v,=u,+at v,=0 a, =-g t=—>

a

y
BallA t=0.41s BallB t=0.88s

C
At the maximum height for both balls:

Horizontal displacement components w.r.t the Origin calculated

froms, =ut

Vertical displacement components w.r.t. to the Origin are

— i 2
calculated from s, =u t+3a,t



BallA s, =283m s,=0.82m
BallB s,=441m s =3.82m

The heights above sea level are
BallA h=4.82m BallB h=7.82m
D

At the maximum heights, the vertical components of the velocity
are zero. So, the speeds of the ball are equal to their initial

horizontal velocities
u, =6.93ms* u, =5.00ms*
E
The position of ball A when at maximum height is
t=041s s, =283m 5, =0.82m
The position of ball B at time t =0.41s

S, =u,t Sz, =2.04m

X X
— 1 2 —
s, =u,t+za,t® s, =2.72m

When ball A is at its highest position, the position of ball B w.r.t

to ball Ais

BallA §,=2.831+0.82] BallB S, =2.041 +2.72]



The relative position of ball B w.r.t. ball A'is

a

Sga =S5 — S, =(2.04-2.83)1 +(2.72-0.82) ] m
=-0.791 +1.90 ] m

|

BA

The displacement of ball B w.r.t ball A when ball A is at its

highest position is

= \[Seax’ + Sga,” =2.06 M

Sga BAY

S
Opp = atan( aal J =112° w.rt. +Xaxis

SBAx

5, =-0.791 +1.90; m

"'\9,9,4 Sps = \/Smxz + SBA;-'z =2.06m

~ X S
“Sparl 0 :atan( BA“J=112°

BA
SBAx
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When ball A is at its height position

t=041s v,, =6.93ms* v, =0m

The velocity of ball Bat time t=0.41s

-1
Vg, =Ug, =5.00 m.s

Vg, =Ug, +a,t Vg, =4.66ms”
Ball A V,=6.931+0]
Ball B V, =5.001 +4.66 |

The relative velocity of ball B w.r.t ball A is

a

Vga =Vg —V, =(5.00—6.93)i +(4.66-0) ] m
oa=—1.931+4.66] m

<|

The velocity of ball B w.r.t ball A when ball A is at its highest

position is

— 2 2 _ -1
Vg _\/vBAX +Vg,,” =2.04 ms

Vv
Ogp = atan[ PAY J =112° w.rt. +Xaxis

VBAx



G

The velocities of the balls can as they enter the water can be

found from the equations v, =u, vy2 = uy2 +2a,s,

Ball A
V,=u, =6.93m.s"
a, =—9.8 m.s™ u,= 400ms* s =-4m
v, =—-9.72 m.s™
v=13.75m.s™
0 = —-54.52°
Ball B
V,=u =5.00m.s"
a,=—9.8 m.s™ u,= 8.66 m.s™ s, =—4m
v, =-12.39 ms"
v=1752m.s"

0 =—-68.02°



H
The time of flight can be calculated from

vy —u,

a,

vy:uy+ayt {=

BallA t=1.40s

BallB t=2.15s

The range of the ball as they enter the water can be calculated

froms, =ut
BallA s, =9.69m
BallB s, =10.73 m

Note: in solving kinematics problems with constant equation you

never have to solve the quadratic equation s, =u, t+ %ay t?

because you can use a number of alternative equations

V=u+at vi=u®’+2as V. =—— s=v_t
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VISUAL PHYSICS ONLINE

If you have any feedback, comments, suggestions or corrections

please email:

lan Cooper School of Physics University of Sydney

ian.cooper@sydney.edu.au
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