FULLY WORKED SOLUTIONS

Context 3: The physics of sport

Chapter 8: The drop zone

Chapter questions

l.
2.

10.

11.

Fing = %2Copy*A =" X 1.6 X 0.9 X (6)> X 4=103.7N
Foee=W—Fag=(2 X 9.8)-3.7=159N
a=Fu/m=159/2=795ms"
u=0,a=-98ms?,s=-5m
V=u+2as=0+(2X-9.8X-5)=98
v=-99ms’'
u=0,v=—62ms',a=-98ms"

(6.2 =u*+2as=0+(2 X —9.8)s
38.4=-19.6s

s=-2m

u=-2ms', s=-5m,a=-9.8ms>
V=u*+2as=(-2)*+(2 X -9.8 X —5)
V2 =102

v=-10ms"

k = mg/Ax = (70 X 9.8)/10 = 69 N m"’
F=kx=20x120=2400 N

k = mg/Ax = (75 X 9.8)/10=73.5 N m"'
With 10% error, 73.5+ 0.1 X 73.5=80.8 Nm
ve=u, =900 m s’

v, =u,+at=0+(-9.8 X 0.8) =—7.84 m s
Ve=u,=5ms"’

v=u+at=0+(-9.8 X 0.5)=—49ms"
w=u,=7ms"’

vw=u,+tat=0+(-9.8 X 1.2)=-11.8 ms'
V=2t =7+ (-11.8)

v=137ms"



7ms”

-11.8 ms™!

0=tan"' (11.8/7) = 59.3°
Therefore, the velocity is 13.7 m s at 59.3° to the horizontal.
X = u,t

t =x/u, =300/800=0.4 s

¥y =ut + Yeat®
~03=0+%x—-98 X £
-0.3=-4.97

t=0.247s
x=ut=50x0247=124m
y =ut + Ysat*
~1.5=0+%X-98X ¢
~-1.5=-4.97

t=055s
x=ut=7X055=39m
u,=22cos 30°=19ms"

u,=22sin30°=11ms"'

(@ »y=0
y =ut + Ysat*
0=11t+%X-98 X7
0=11t-4.9¢
0=11-4.9¢
49r=11
t=224s

(b) x=ut=19x224=42.6m
() y=ut+sat
y=(11 % 0.6)+ % X — 9.8 X (0.6)°
y=66-18=48m
u=50kmh'=139ms"’
u,=13.9c0s68°=52ms"’
u,=13.9sin68°=129ms"



When caught, y =0
y = ut + Ysat*

0=129t-4.97
0=12.9-4.9¢
49t=12.9
t=2.63s

X=ut=52xX263=13.7m
17.  u.=ucos40°=0.77u

u, = u sin 40° = 0.64u

X = U

350 =0.77ut

ut =454.5 (1)

When it reaches the ground, y = 0.

¥y = u,t + Ysat*

0 = 0.64ut — 4.9¢ (2)

Substituting (1) into (2) gives:

0=0.64 X (454.5) - 4.9¢7

0=291-4.97

4.9/ =291

t=77s

As ut =454.5,

u=454.5/t

u=454.5/77=59ms"

Review questions
6. r=01m Cp=17,p=12kgm> v=4ms"
A=m*=7(0.1>=0.031 m*

1 1
Fung= - Copv'd = 5 X 17X 1.2 X 4 X 0.031 =0.51N

7. When terminal velocity is reached, drag will be equal to weight. Therefore:
Fioy=w=mg=280 X 9.8=784 N
8. @ u,=0,y=-6m,a=-9.8ms"

—uit ~af
y=u, 2a



1
“6=0+ 5 (-9.8)7

—6=-4.97
£=122
t=1.1s

(b) u,=0,a=-98ms?t=1.1s
vy =u, +at
—0+(-9.8) X 1.1
=-10.8ms

(¢ u,=0,t=0.1s,a=-9.8ms"
Y =ut+ %atz

—0+ % (£9.8) (0.1)

=0.049 m
Distance above the water =6 m — 0.049 m = 5.95 m
m=180kg, g=-9.8ms? y=-46m k=120 Nm"
If x is the original length of the bungee and Ax is the change in length of the
bungee, then x + Ax < 46 m for safety.
At the bottom of the bungee jump, weight will be the force extending the
bungee, so:
W = Fepagiic
mg = kAx

mg
k

Ax =

+ "8 46
k

N 180 x9.8 —46
120
x +14.7 <46

x <46- 14.7

x <313 m

X

x=200m,y=-1m,u,=0,a=-9.8ms"*
1= L (98¢
2 -8)

£=0.20



11.

12.

13.

t=045s

we X =299 _ s s
¢t 045

@ y=10m,a=-98ms? v =

2
v, =

. u; + 2ay

0 =u; + 2(-9.8)(10)
0 =u. - 196

196 = uf

u, =14 ms”™'

(b) y=-10m,a=-9.8ms? u,

vf = uf + 2ay
= (-3)" + 2(-9.8)(- 10)
=9 + 196
= 205
v, =+/205 =- 143 ms’'
u,=15ms ,x=6m,a=-9.8ms>,
f= = =5 _as
u, 15
t+1 £
=u —a
Y y >

1 2
=0+ 5 (-9.8) (0:4)

=-0.78 m
x=43m,0=12°y=0
X = ud
4.3 =(ucos 12°)¢
4.3 =0.98ut
ut=4.4 (1)
1
yEult S at’

0= (u sin 12°)¢ + %(—9.8)z2

0=0.21ut—4.97

Substituting equation (1) into this equation gives:

0=021 X 4.4-497
497 =0.924

=3ms’'

u,=0



14.

15.

£=0.19

t=044s

As 4.4 = ut from (1), then

u=22 =3 g0 !
t 0.44

x=25m,t=4s,u=5ms"
(a) X =ud
x = (ucosO)t
25=5cos0 x4
2.5=20cos 0

2.5
= ——=0.125
cos 50

0=282.8°

(b) At maximum height, v, =0
u,=usin=35sin82.8°=496ms"
v =u’+2ay
0=(4.96)"+2 (-9.8)y
0=24.6-19.6y
19.6y =24.6
y=13m

x=300m,u=600ms", y=0

u, =600 cos 0

u, = 600 sin 6

X = u,t

300 = 600¢ cos 6

300

£= 600 cos &

1
2 cosdH (1)

t:
— i+ ~af
ymuwtT 5a

1
0= 600 sin 0 + — (-9.8)7°

0=600sin & —4.9¢
4.9t =600 sin 8



16.

17.

Substitute equation (1) for ¢ to get:

1
2 cosdt

4.9 [ =600 sin ¢

4.9=1200 cos @ sin O
1
4.08 X 1073 = > sin 20

sin20=8.2 X 10
60=0.23°
To find the height / that she was aiming above the target,

h
300

tan (0.23°) =

h=122m
Therefore, the shooter aims at a point 1.22 m above the target.

y=0,t=21s,a=-98ms"”

1 2
Y =udt+ Eat

OszJyF%GQ&QJY

0=2.1u,—21.6
21.6=2.1u,

u,=103ms"

u=80kmh'=222ms", 0=20°,y=-1m
u,=22.2¢0s20°=209ms"’
u,=22.2sin20°=7.6ms"

= z+l £
Y = uy 2“

1
~1=7.6t+ = (-9.8)7

—1=7.6t—4.97
497 -76t—1=0

Solve for ¢ using the quadratic solution:

+7.6 +4/(-7.6)7 - 4(4.9)(- 1)
2 %4.9

t=-0.12so0or1.86s

Z‘:

Obviously, the bike will land on the ramp when 7= 1.86 s.

Let x represent the distance of the landing ramp from the last bus.



x=2+24+x=26+x

26 +x = uyt

26 +x=20.9 X 1.86 =389 m
x=389-26=129m
u=20ms"',0=30°y=12m
u,=20cos 30°=173ms"
u,=20sin30°=10m s’

1
=ut+ —af
ymuwtT 5 a

1.2=10¢t—4.9¢#
49 —-10t+1.2=0

Solve for ¢ using the quadratic solution:

+10 =+/(- 10)* - 4(4.9)(1.2)
2 %4.9

t=0.13sor 1.9s

t:

The first of these values represents when the ball was on its way up while the
other is when the ball is coming down again. This is the value that we need to
use.

Xoall = Ut =17.3 X 1.9=329m

dficlder =Vt =6 X 1.9 =114 m

Separation between batter and fielder =329+ 11.4 =443 m



