Physics 100A — Summer 2016
Chapter 4

Solutions are provided only for problems from your textbook. The other problems
already have so much guidance and notes that you should be able to understand where
you have gone wrong.

Problems

2. Picture the Problem: The vector involved in this problem
is depicted at right. N

Strategy: Separate v into x- and y-components. Let north
be along the y-axis, west along the —x axis. Find the
components of the velocity in each direction and use them
to find the distances traveled.

Solution: 1. (a) Find v, v, =—(4.2 m/s)cos32° =-3.56 m/s
and v,: v, =(4.2 m/s)sin32°=2.23 m/s

2. Find the westward y=|v.|t=(3.56 m/s)(25 min x 60 s/

distance traveled: —5300 m =

VX

3. (b) Find the northward ~ x=v,7=(2.23 m/s)(25 min x 60 s/min
distance traveled: 3300 m =[3.3 km]

Insight: The northward and westward motions can be considered separately. In this
case they are each described by constant velocity motion.

7. Picture the Problem: The paths of the two canoeists 4
are shown at right. ' ’ \

Strategy: Canoeist 1’s 45° path determines an Vs \
isosceles right triangle whose legs measure 1.0 km. / 10kn >
So canoeist 2’s path determines a right triangle ¢ / k
whose legs measure 1.0 km north and 0.5 km west. /7 \
Use the right triangle to find the angle 6. Find the L5 | i
distance traveled by each canoeist and set the times

of travel equal to each other to determine the

| ———eye———— |
appropriate speed of canoeist 2:

-

-

1

Solution: 1. (a) Find the 9 — tan (0-5 kmj e
angle 0 1.0 km



12.

from the right triangle of

canoeist 2:
2. (b) Set the travel times =1, = An _An
equal to each other: ViV
; : 0.5km)” +(1.0km)’
3. Use the resulting ratio to v, :ﬁvl _ \/( ) +( ) [1.35 2] :m
find the di " \J(1.0km)’ +(1.0km)’ s
appropriate speed of
canoeist 2:

Insight: There are other ways to solve this problem. For instance, because the
motions are independent, we could set the time it takes canoeist 1 to travel 1.0 km
horizontally equal to the time it takes canoeist 2 to travel 0.5 km horizontally.

Picture the Problem: Two divers run horizontally off the edge of a low cliff.

Strategy: Use a separate analysis of the horizontal and vertical motions of the divers
to answer the conceptual question.

Solution: 1. (a) As long as air friction is neglected there is no acceleration of either
diver in the horizontal direction. The divers will continue moving horizontally at the
same speed with which they left the cliff. However, the time of flight for each diver
will be identical because they fall the same vertical distance. Therefore, diver 2 will
travel horizontal distance as diver 1.

2. (b) The best explanation (see above) is [I. The drop time is the same for both|
divers| Statement II is true but not relevant. Statement III is false because the total
distance covered depends upon the horizontal speed.

Insight: If air friction is taken into account diver 2 will travel less than twice the
horizontal distance as diver 1. This is because air friction is proportional to speed, so
diver 2, traveling at a higher speed, will experience a larger force.

Picture the Problem: A diver runs horizontally off a diving board and falls down
along a parabolic arc, maintaining her horizontal velocity but gaining vertical speed
as she falls.

Strategy: Find the vertical speed of the diver after falling 3.00 m. The horizontal
velocity remains constant throughout the dive. Then find the magnitude of the
velocity from the horizontal and vertical components.

Solution: 1. Use equation 4-6 to find v, =v;, —2gAy = 0—2(9-81 m/s’ )(0 m—3.00 m) = 58.

v, .

y
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2. Use the components v, and v, to find v =1/ +v; =\/(1-85 m/s)’ +58.9 m’/s* =[7.89 m/s

the speed:

Insight: Projectile problems are often solved by first considering the vertical motion,
which determines the time of flight and the vertical speed, and then considering the
horizontal motion.

Picture the Problem: Three projectiles A, B, and ¥
C are launched with different initial speeds and A
angles and follow the indicated paths.

Strategy: Separately consider the x and y motions ¥ :"\: \ \

of each projectile in order to answer the TVAR! \ v

conceptual question. ¥, 1
i/

Solution: 1. (a) Since each projectile achieves the |/
same maximum height, which is determined by
the initial vertical velocity, we conclude that all
three projectiles have the same initial vertical
velocity. That means the larger the horizontal
velocity, the larger the total initial velocity. The
largest initial speed will therefore correspond with

the longest range. The ranking is thus |A < B < (.

2. (b) The flight time is longest for projectiles that
have the highest vertical component of the initial
velocity. In this case each projectile has the same
maximum altitude and therefore the same initial
vertical speed. That means they all have the same

time of flight and the ranking is thus|A = B = (.

Insight: Projectile C travels the farthest distance in the same amount of time because
it has the highest speed.

(o]

Picture the Problem: The ball travels along a parabolic arc, maintaining its
horizontal velocity but changing its vertical speed due to the constant downwards
acceleration of gravity.

Strategy: The given angle of the throw allows us to calculate the horizontal
component of the initial velocity by using the cosine function. The vertical
component of the velocity can be found by using the sine function. The time it takes
the acceleration of gravity to slow down the vertical speed, bring it to zero, and speed
it up again to its initial value is the same as the time the ball is in the air.

Solution: 1. (a) Find the x component of the v, =V, cosd = (18.0 m/s)cos37.5° =[14.3 m/,

initial velocity:
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2. (b) Find the y component of the initial vy, =V sin € = (18.0 m/s)sin37.5°=11.0 m/s
velocity:

3. Let v, =-v,, and use equation 4-6 po vy 110 (11.0mss) _ _[2243|

to find the time of flight: -8 9. 81 m/s’

Insight: The flight of the ball is perfectly symmetric—the angle of the motion is
37.5° below horizontal at the instant it is caught, and the ball spends the same amount
of time going upward to the peak of its flight as it does coming downward from the
peak. This is only true if the ball is caught at the same level from which it was
thrown.

Picture the Problem: The cork travels along a parabolic arc, maintaining its
horizontal velocity but changing its vertical speed due to the constant downward
acceleration of gravity.

Strategy: Find the horizontal component of the initial velocity by dividing the
horizontal distance traveled by the time of flight. Then use the cosine function to find
the initial speed of the cork.

x 130m

Solution: 1. Find the horizontal speed of the cork: v, =—=77-=1.04 m/s = v,

. . _ v,,  1.04m/s
2. Use the cosine function to find the initial speed: v = ﬁ = 03500 1.27 m/s

Insight: Because gravity acts only in the vertical direction, the horizontal component
of the cork’s velocity remains unchanged throughout the flight.

Picture the Problem: The football travels along a parabolic arc, landing at the same
level from which it was launched.

Strategy: The time of flight of a projectile that lands at the same level it is launched
is determined by the time it takes the acceleration of gravity to slow down the vertical
component of the initial velocity to zero and then speed it up again back to its original
value. Thus upon landing the speed of the ball is v, =v,, =v,sin6 . Use these facts to

determine the time of flight and then solve for v, .

_ =V, sin@-vy sind 2y, sind

-8 -8 g

Solution: 1. Find the time of flight: t=

gt (9 81 m/s”)(4.50 s)
2sm49 2sin 63.0°

=124.8 m/s

2. Solve for v, :

Insight: The flight of the football would not be perfectly symmetric if air resistance
were present or if it were caught at a different level from which it was kicked.
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right.

Strategy: Use the horizontal component of the ball’s
velocity together with the horizontal distance d to find the
time elapsed between the hit and its collision with the wall.

Picture the Problem: The path of the ball is depicted at y 'T
’ h
Then use the time to determine the vertical position 4 of the l

|
ball when it collides with the wall. d |
Solution: 1. (a) Use equation 4- = d__ 38m _
10 vocos@ (18 m/s)cos32
to find the time: =

2. (b) Use equation 4-10 to find /: &= (v,sin@)r 5 gt*
=[ (18 m/s)sin32°](0.25 5) —£(9.81 m/s* ) (0.25 s)" =[2.1

Insight: In many cases the vertical motion determines the time of flight, but in this
case it is the horizontal distance between the point where the ball is struck and the
wall that limits the time of flight.

Picture the Problem: The trajectory of the girl is
depicted at right.

Strategy: Use equation 4-10 and the given time of
flight, initial speed, and launch angle to determine the
initial height of the girl at the release point.

Solution: Use equation 4-10 to find y=(v,sin0)t -3¢’
the initial height of the girl at the release = (2.25 m/s)(sin35.0°)(0.616 s)-4(9.81 m/s ) (0.1

point. If we let the release height y=-1.07m
correspond to y = 0, then the landing
height is: In other words, she was above the

water when she let go of the rope.

Insight: The girl’s speed upon impact with the water is 5.10 m/s (check for yourself)
or 11 mi/h. A fun plunge!



