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1. A baseball is thrown with an irﬁtial velocity of 10.0 nv/s at an angle of 30 degrees.
See the diagram below. (assume the ball returns to the same height at which it was

thrown) ,
a. Calculate the components of the initial velocity vector and write the initial

velocity vector in component form.

b. Calculate the total time the ball is in the air.
¢. Calculate the range of the projectile.
d. Calculate the maximum height of the projectile.

e. Calculate the magnitude and direction of the final velocity just before impact.
Write the vector in component form.

f.  In the diagram below sketch and label the following vectors at the points
designated.
¢ x- component of the velocity vector
e y- component of the velocity vector
e magnitude of the total velocity vector
e the acceleration vector
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Projectile Motion Simulation Activity

Directions: For each of the following projectile motion problems calculate the maximum
height, the total time of flight, and the range, using the methods we studied in class.
Then, use the projectile motion simulator link on my web site to verify your answers.

1. A projectile is fired from the edge of a 12.0m high cliff at an angle of 20.0 degrees,
with an initial speed of 5.0 my/s.

2. A projectile is fired from the edge of a 15.0m high cliff at an angle of -30.0 degrees,
with an initial speed of 3.0 mv/s.

3. A‘projectile is fired from the edge of a 10.0m high cliff at an angle of 0.0 degrees, with
an initial speed of 13.0 m/s
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Motion in a plane and projectile motion

DiBucci

Directions: Place your work on a separate piece of paper.

1) A particle starts from the origin at t=0 with the following initial velocity:

Vx= +20 mv/s, Vy=-15 nV/s
The particle moves in the xy plane with only an x-component of acceleration:

ax=4.0 m/s/s, ay=0 m/s/s

a) Write the initial velocity and acceleration in unit vector form.
b) Calculate the final velocity after 5.0 seconds, express your answer in unit vector .

and polar coordinate form.
c) Calculate the position (displacement) of the particle relative to the origin after the

same time interval as in pt. b
Vo=20m/si—15m/s

a=4 m/s/si+ 0m/s/sj ,
V=40 m/si—- 15m/sj, Vf=43 m/s at 21 degrees south of east

r=150mi-75mj,r=170 m at 26.6 degrees south of east

2) A long — jumper leaves the ground at an angle of 20 degrees to the horizontal at a
speed of 11.0 m/s. assume ay=-9.8 m/s/s/ and ax=0m/s/s. Calculate the following

quantities:
a) Calculate the x and y components of the initial velocity

b) the total time of flight
¢) the horizontal displacement when he returns to the ground ( The range)

d) The maximum height he was above the ground

Vo=103m/si+3.76 m/s j
total time = 0.768 s

Rx , the range or Xf=7.94m
Ymax=0.722m

3. A stone is thrown from the top of a building at an angle of 30.0 degrees to the
horizontal with an initial speed of 20.0m/s the height of the building is 45.0 m. make
a diagram and calculate the following:

a) the horizontal and vertical components of the initial velocity

b) the total time of flight ( hint : use the quadratic formula)

c¢) the velocity of the stone just before impact
d) the horizontal distance from the building where the stone strikes the ground.

Vo=173m/si+ 10m/s

time=4.22 s
V=173 m/si-31.4m/sj, V=359 m/s at 61 4 degrees below the x axis

x=73.0 m from the base of the building
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Vo=25m/s
angle=40 deg

slope=577

Your mission is to destroy the enemy base camp. You are on the top
of a ledge over looking a valley. You are at a height of 20m relative to the
reference level. See the above diagram. The enemy camp is on the sloping
hill across the valley. The slope of the hill is 0.577. Your goal is to use your
heavy artillery to hit a spot on the hill above the enemy camp, this will cause
an avalanche and bury them. The coordinates of the enemy are (30m, 25m).
You fire your weapon at a 40 degree angle with a velocity of 25 m/s.
Calculate the coordinates where the shell hits. Did you achieve your goal?
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The End of a Ski Jump

A SKki Jumper travels down a slope and leaves the ski track moving in the
horizontal direction with a speed of 25.0 m/s. See the figure above. The landing
incline below her falls off with a slope of 35.0 degrees.

a) How far down the incline, d, does she land? (109m)
b) How long is she in the air? (3.57 sec)
¢) What are the horizontal and vertical components of her velocity just before she

lands? (25m/s, -35m/s)
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PROBLEMS

7.1 Projectile Motion

P> 1. Assuming that the two baseballs in Figure 7—
19 have the same velocity, 25 m/s, draw two
separate graphs of y as a function of t and b ¢
as a function of t for each ball.
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FIGURE 7-19. Use with Problem 1. .
/2. A stone is thrown horizontally at 8.0 m/s from

a cliff 78.4 m high. How far from the base of

the cliff does the stone strike the ground?
@A toy car runs off the edge of a table that is
1.225 m high. If the car lands 0.400 m from
the base of the table,
a. how long does it take for the car to fall?
b. what is the horizontal velocity of the car?
Janet jumps off a high-diving platform with a
horizontal velocity of 2.8 m/s and lands in the
water 2.6 s later. How high is the platform,
and how far from the base of the platform
does she land?
> @An airplane traveling 1001 m above the ocean
at 125 km/h is to drop a box of supplies to
shipwrecked victims below.
a. How many seconds before being directly
overhead should the box be dropped?
b. What is the horizontal distance between
the plane and the victims when the box is
dropped?

@ Divers at Acapulco dive from a cliff that is

N 61 m high. If the rocks below the cliff extend
outward for 23 m, what is the minimum hori-
zontal velocity a diver must have to clear the
rocks safely?

> 7. A darnt player throws a dart horizontally at a
speed of +12.4 m/s. The dart hits the board

0.32 m below the height from which it was

thrown. How far away is the player from the

board?

An arrow is shot at a 30.0° angle with the hor-

izontal. It has a velocity of 49 m/s.

_ a. How high will the arrow go?
3D What horizontal distance will it travel?
A pitched ball is hit by a batter at a 45° angle.

“ 1t just clears the outfield fence, 98 m away.

Find the velocity of the ball when it left the

bat. Assume the fence is the same height as

the pitch. X = Ggnn
» 10. Trailing by two points, and with only 2.0 s re-
maining in a basketball game, a player makes

a jump-shot at an angle of 60° with the hori-

zontal, giving the ball a velocity of 10 my/s.

The ball is released at the height of the bas-

ket, 3.05 m above the floor. Yesl! It's a score.

a. How much time is left in the game when

: the basket is made?

b. Shots made outside a semicircle of 6.02-m
radius from a spot directly beneath the
basket are awarded 3 points, while those
inside score 2 points. Did the player tie the
game or put the team ahead?

A basketball player tries to make a half-court
jump-shot, releasing the ball at the height of
the basket. Assuming the ball is launched at
61.0°, 14.0 m from the basket, what velocity
must the player give the ball?

> 12. A baseball is hit at 30.0 m/s at an angle of
53.0° with the horizontal. Immediately an out-
fielder runs 4.00 m/s toward the infield and
catches the ball at the same height it was hit.
What was the original distance between the
batter and the outfielder?
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Section 3.1 Displacement, Velocity, and Acceleration

1. ssm In diving to 2 depth of 750 m. an elephant seal also 2

moves 460 m due east of his starting point. What is the magnitude ‘> X, 8' X/D M

of the seal’s displacement?

2. A radar anienna is tracking 2 satetlite orbiting the carth. At a Z) 7 f3 km J 14 3 kM

certain time, the radar screen shows the satellite to be 162 km 3) 27 L’/
T

away. The radar antenna is pointing upward at an angle of 62.3°
from the ground. Find the x and y components (in km) of the post-

“tion of the satellite. L{) /6 - ? M/_S

. 3. A baseball player hits a triple and ends up on third base. A
.« bascball w«diamond” is a square, each side of length 27.4 m, with 5) 24 & M/ 5
= home plate and the three bases on the four corners. What is the
£
* " magniwde of his displacement? 5 ) L/’ 7 m / S
4. The altitude of 2 hang glider is increasing at a rat of 7) 33 m/s = im)
». 6.80 m/s. At the same time, the shadow of the glider moves along v / / / /5 / -0.2 ? "7/_5‘ *
.the ground at a speed of 15.5 m/s when the sun is directly over- g) éO M/j

+ head. Find the magnitude of the glider’s velocity.
© 5, ssm A jetliner is moving at a speed of 245 m/s. The vertical Q) Q 7.0 ©
- component of the plane’s velocity is 40.6 m/s. Determine the

‘ magnitude of the horizontal component of the piane’s veiocity. !D) /. 35F 1/'4/ 2/° /u(‘:’lz , 0590 /CV( 21 O/V? ‘
“ 6.~ A dart is thrown upward at an angle of 25° above the horizon- | '3 2 2G o M / . y ¢
"+ tal. The vertical component of the dart’s velocity is v, = 2.2 m/s. ’g 7X(0 s 2.67x0 L{?

" Determine the x component of the velocity. kT PA
€

7. A wild horse starts from rest and runs in a straight line 29°
north of west. After 36 s of running in this direction, the horse has | 2) 5 ‘? 2. ) V&) 3 /4/5

a speed of 12 m/s. (3) What is the magnitude of the horse’s aver-
age acceleration? Assuming that north and east are the positive di- ,33 /L/ 6 >
rections, find the component of the horse’s acceleration that po i )
points ]
along (b) the north—south line and (c) the cast—west line. ; ‘7,3 ' 3, é ﬂ/j
i
8. An archer draws back an arrow and then releases it from rest. ! '5) L/ L/}N/S
The arrow is propelled forward with an average acceleration of 74 ) 5' / ayq

i
. . - ‘
7400 m/s? and remains in contact with the bow string for a time \

(53:'“(!)‘:’%5 s. What is the speed of the arrow when it just leaves the ! 17) Y- / l““/{
9. ssm www Ina mall, a shopper rides up an escalator be- | 'i) /é’v\/ 24 Om
(ween floors. At the top of the escalator. the shopper turms right
and walks 9.00 m to a store. The magnitude of the shopper’s dis- l?) ff/”‘/ 5/0’4
placement from the bottom of the escalator is 16.0 m. The vertical » 5 1
| : .0 m. ey /715 .70
distance between the floors 15 6.00 m. At what angle is the escala- 20) on // /}1’/‘4/ s // o g
tor inclined above the horizontal?
, 2() 17875, 2087/S
*10. A bird waicher meanders through the woods, walking
0.50 km due east, 0.75 km due south, and 2.15 km in a direction 7’2'3 jO- 3
35.0° north of west. The time required for this trip is 2.50 h. De-
termine the magnitude and direction (relative to due west) of the 79) 3 q M/ 5

bird watcher’s (a) displacement and (b) average velocity. Use kilo-
meters and hours for distance and time, respectively. 9‘ "13 [ g M/ S
#11. The earth moves around the sun in a nearly circular orbit of zZé I""/ 7 / °
radius 1.50 x 10'' m. During the three summer months {(an K ) 23 $ /5 i T
elapsed time of 7.89 X 10° 5), the earth moves one-fourth of the 3
distance around the sun. (a) What is the average speed of the 25 9'(’/ oM
carth? (b) What is the magnitude of the average velocity of the }7) 2”/ 01/5-65

earth during this period?



Section 3.2 Equations of Kinematics in Two Dimensions. Sec-
tion 3.3 Projectile Motion

12. The initial velocity of a spacecraft is 2650 m/s, directed at an
angle of 30.0° above the x axis. Two engines then fire for a time of
175 s. One gives the spacecraft an acceleration in the +x direction

of @, = 6.30 m/s’. The other produces an acceleration in the +yv !

direction of a_ = 2.85 m/s?. What is the speed of the spacecraft
when the engines shut off?

13. ssm Suppose that the plane in Example 2 is traveling with
twice the horizontal velocity, that is. with g velocity of +230 m/s.
If all other factors remain the same. determine the time required
for the package 10 hit the ground.

14. A quarterback throws a pass 1o a receiver. who catches it at
the same height as the pass is thrown. The initial velocity of the

ball is 15.0 m/s, at an angle of 25.0° above the horizontal. What is .

the horizontal component of the ball's velocity when the receiver
catches it?

@ The punter on a football team tries 10 kick a football so that wo

stays in the air for a long “hang time.” If the ball is kicked with an
initial velocity of 25.0 m/s at an angie of 60.0° above the ground.
what is the “hang time™™?

¥6. A rock climber throws a small first aid kit to another climber
who is higher up the mountain. The initial velocity of the kit s
I'l'm/s at an angle of 65° above the horizontal. Al the instam
when the kit is caught. it is raveling honzomally, so its vertical
speed 1s zero. What is the vertical height between the two
climbers?

17. ssm www A diver runs horizontally with a speed ol -

1.20 m/s off a platform that is 10.0 m above the water. What is his
/sp_cedjust before striking the water?

. 18. Review Conceptual Example 9 as background for this prob-
lem. The acceleration due 10 gravity on the moon has a magnitude

of 1.62 m/s*. Examples 5-7 deal with a placekicker kicking a ;

tootball. Assume that the ball is kicked on the moon instead of on

the earth. Find (a) the maximum height 4 and (b) the range that !

the ball would attain on the moon. Verify that your answers are

consistent with the conclusions reached in Conceptual Example 9. ;

19. Review Conceptual Example 9 in preparation for this prob-
lem. On a distant planet. golf is just as popular as it is on earth. A
golfer 1ees off and drives the ball 3.5 times farther than he would
have on earth, given the same initial veiocities on both planets.
The ball is launched at a speed of 45 m/s at an angle of 29° above
the horizontal. When the ball lands, it is at the same level as the
tee. On the distant planet, what is (a) the maximum height and
(b) the range of the ball?

20. During a baseball game a fiy ball is hit to center field and is
caught 115 m from home plate. Just when the ball s caught, a
runner on third base takes off for home. and the center fielder
throws the ball 1o the catcher standing on home plate. The runner
takes 3.50 s 10 reach home. while the baseball is thrown with 2 ve-
locity whose horizontal component is 41 m/s. Which reaches
home first. the runner or the ball, and by how much time?

Q.) ssm A golf ball rolls off a horizontal cliff with an initial
speed of 11.4 m/s. The ball falls a vertical distance of 15.5 m into
a lake below. (a) How much time does the ball spend in the air?
(b) What is the speed v of the ball just before it sirikes the water?

22, If a projectile has a launching angle of 52.0° above the hori-
zontal and an initial speed of 18.0 m/s, what is the highest barrier
that the projectile can clear?

23. A car drives straight off the edge of a cliff that is 54 m high.
The police at the scene of the accident note that the point of im-
pact is 130 m from the base of the cliff. How fast was the car trav-
eling when it went over the cliff?

24. The 1994 Winter Olympics included the aerials competition
in skiing. In this event skiers speed down a ramp that slopes
sharply upward at the end. The sharp upward slope launches them
mto the air, where they perform acrobatic maneuvers. In the
women’s competition, the end of a typical launch ramp is directed
63° above the horizontal. With this launch angle. a skier attains a
height of 13 m above the end of the ramp. What is the skier's
‘launch speed?

25. ssm As preparation for this problem, review Conceptual Ex-
ample 10. The drawing shows an empty fuel tank being dropped
by two different planes. At the moment of release each plane has
the same speed of 135 m/s and each tank is at the same height of
2.00 km above the ground. While the speeds are the same. the ve-
locities are different at the instant of release. because one plane is
flying at an angle of 15.0° above the horizontal and the other is
flying at an angle of 15.0° below the horizontal. Find the magni-
tude and direction of the velocity with which the fuel tank hits the
ground if it is from (a) plane A and (b) plane B. In each part, give
the directional angies with respect to the horizontal.

~..~11~5:

Fuei tank

Plane A Plane B

26. A tennis ball is struck such that it leaves the racket horizon-
tally with a speed of 28.0 m/s. The bali hits the coun at a horizon-
1a] distance of 19.6 m from the racket. What is the height of the
tennis ball when it leaves the racket?

#27. A motorcycle daredevil is attempting to jump across as many
buses as possible (see the drawing). The takeoff ramp makes an
angie of 18.0° above the horizontal. and the landing ramp is iden-
tical to the takeoff ramp. The buses are parked side by side, and

33.5mss
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bus is 1.74 m wide. The cyclist leaves the ramp with a speed
C?CQB 5 m/s What is the maximum number of buses over which
of 33.

. ‘ N
the cyclist ¢an jump-



28. A honzontal rifle is fired at a bull's-eye. The muzzle speed of
the bullet is 670 m/s. The barrel is pointed directly at the center of
the bull's-eye. but the bullet sirikes the target 0.025 m below the
center. What is the honzontal distance between the end of the rifle
and the bull's-eye?

"29. ssm An eagle is flying horizontally at 6.0 m/s with a fish in

_its claws. It accidentally drops the fish. (a) How much time passes
‘before the fish's speed doubles? (b) How much additional time
would be required for the fish's speed to double again?

» 30. A criminal is escaping across a rooftop and runs off the roof

horizomally. landing on the roof of an adjacent building. The hori-
zontal distance between the two buildings 15 3.4 m. and the roof of
the adjacent building is 2.0 m beiow the jumping off point. What
would be the minimum speed needed by the criminal?

+#31. Suppose the water at the top of Niagara Falls has a horizontal
speed of 2.7 m/s just before it cascades over the edge of the falls.
At what vertical distance below the edge does the velocity vector
of the water point downward at a 75° angle below the horizontal?

32, An archer is standing inside a building whose ceiling is 11 m
high. An arrow is shot from ground level ai an iniiai speed of
62 m/s. Calculate the angie of firing (above the horizomal) that
gives the greatest possible range inside the building.

*33. ssm www As preparation for this problem. review Con-

ceptual Example 10. The two stones described there have identical
initial speeds of v, = 13.0 m/s and are thrown at an angle ¢ =
30.0°. one below the horizontal and one above the horizontal.
What is the distance benveen the points where the stones strike the

ground?

*34. A rock. thrown horizontally from the top of a lighthouse.

strikes the water 2.6 s later. A straight line is drawn from the top
of the lighthouse to the point where the rock strikes the water.
This line makes an angle of 35° with respect 1o the lighthouse.
Calculate the initial speed of the rock.

*35. A soccer player kicks the ball toward a goal that is 29.0 m in

front of him. The ball leaves his foot at a speed of 19.0 m/s and an
angle of 32.0° above the ground. Find the speed of the ball when
the goalie catches it in front of the net. (Note: The answer is not
19.0 m/s.)

*36. Review Conceptual Example 4 before beginning this prob-

lem. You are traveling in a convertible with the top down. The car
is moving at a constant velocity of 25 m/s. due east along flat
ground. You throw a tomato straight upward at 2 speed of |1 m/s.
How far has the car moved when you get a chance to catch the
tomato?

*37. ssm An airplane is flying with a velocity of 240 m/s at an

angle of 30.0° with the horizontal, as_the drawing shows. When
the altitude of the plane is 2.4 km, a flare is released from the
plane. The flare hits the target on the ground. What is the angle 67

*38, A diver springs upward from a board that is three meters
above the water. At the instant she contacts the water her speed is
8.90 m/s and her body makes an angle of 75.0° with respect to the
horizontal surface of the water. Determine her initial velocity, both
magnitude and direction.

*39. After leaving the end of a ski ramp, a ski jumper lands down-
hill at a point that is displaced 55 m horizontally from the end of
the ramp. His velocity, just before landing, is 25 m/s and points in
a direction 38° below the horizontal. Neglecting air resistance and
any lift that he experiences while airborne. find his initial velocity
(magnitude and direction) when he left the end of the ramp.

| *40. Stones are thrown horizontally with the same velocity from
the tops of two different buildings. One stone lands twice as far
from the base of the building from which it was thrown as does
the other stone. Find the ratio of the height of the taller building t0
« the height of the shorter butlding.

!
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*41. ssm An Olympic long jumper leaves the ground at an angle
of 23° and travels through the air for a horizomal distance of
8.7 m before landing. What is the takeoff speed of the jumper?

*42. The lob in tennis is an effective tactic when your opponent is
near the net. It consists of lofting the ball over his head, forcing
him to move quickly away from the net (see the drawing). Sup-
pose that you loft the ball with an initial speed of 15.0 m/s, at an
angle of 50.0° above the horizontal. At this instant your opponent
is 10.0 m away from the ball. He begins moving away from you
0.30 s later, hoping to reach the ball and hit it back at the moment
that it is 2.10 m above its launch point. With what minimum aver-
age speed must he move? (Ignore the fact that he can streich, so
that his racket can reach the ball before he does.)

28) M gm 33) 9.4

29) 115 135 34) g 38)q.52m 50
20) 5 3mis 38)i7ams 7Y 23%% , 310
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#% 43 Water from a garden hose that is pointed 25° above the hon-**
zontal lands directly on a sunbather lying on the ground 44m
away in the horizontal direction. If the hose is held 1.4 m above £/3> )’ ym /5
the ground, at what speed does the water leave the nozzle?

x+44. A baseball is hit into the air at an initial speed of 36.6 m/s ‘/‘-{) a M/s

and an angle of 50.0° above the horizontal. At the same time, the - e
center fielder starts running away from the batter and catches the “7 ) 5 /M/ §52
ball 0.914 m above the level at which it was hit. I the center : %) g.79m)s @ - §1.7 o

felder is initially 1.10 X 10° m from home plate, what must be
his average speed”?

#»45. ssm From the top of a tall building, a gun is fired. The buliet
jeaves the gun at a speed of 340 m/s, parallel to the ground. As "
the drawing shows, the buliet puts a hole in a window of another
building and hits the wall that faces the window. Using the data in -
the drawing. determine the distances D and H. which locate the
point where the gun was fired. Assume that the bullet does not!

|
|

slow down s 1t passes through the window.

340 nvs

I Bullet 1n wall
i

A\
M Hole 1n window

)
'

s
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*x46. Two cannons are mounted as shown in the drawing and
rigged to fire simultaneously. They are used in a circus act in
which two clowns serve as human cannon balls. The clowns are
fired toward each other and collide at a height of 1.00 m above the
muzzles of the cannons. Clown A is jaunched at a 75.0° angle.
with a speed of 9.00 m/s. The horizontal separation between the
clawns as they leave the cannons is 6.00 m. Find the launch speed '
Vg and the launch angle 6, (>45.0°) for clown B.

vps = 9.00 mis vos




Section 3.4 Relative Velocity

. ssm Two passenger (rains are passing cach other on adjacent

5
..wksA Train A is moving east with a speed of 13 m/s, and train B

i traveling west with a speed of 28 m/s. (a) What is the velocity
{magnitude and direction) of rain A as seen by the passengers in
wain B? (b) What is the velocity (magnitude and direction) of
y1iin B as seen by the passengers in train A?

4%, Ina marathon race Chad is out in front, running due north at a
speed of 4.00 m/s. John is 95 m behind him, running due north at
s speed of 4.50 m/s. How long does it take for John to pass Chad?

49. At some airports there are speedramps to help passengers gel
trom one place to another. A speedramp is a moving conveyor
belt that you can cither stand or walk on. Suppose a speedramp
has a length of 105 m and is moving at & speed of 2.0 m/s rela-
tive to the ground. In addition, suppose you can cover this dis-
wnce in 75 s when walking on the ground. 1f you walk at the
wame rate with respect to the speedramp that you walk with re-
apect 1o the ground, how long does it take for you to travel the
105 m using the speedramp?

&1). On a pleasure cruise a boal is traveling relative to the water
ut a speed of 5.0 m/s due south. Relative to the boat, a passcnger
walks toward the back of the boat at a speed of 1.5 m/s. (a) What
is the magnitude and direction of the passenger’s velocity relative

1o the water? (b) How long does it take for the passenger to walk
a distance of 27 m on the boat? (¢} How long does it take for the
passenger (o cover a distance of 27 m on the water?

51. ssm A swimmer, capable of swimming at a speed of
4 m/s in still water (i.e., the swimmer can swim with a speed of
4 m/s relative to the water), starts to swim directly across a

2 8-km-wide river. However, the current is 0.91 m/s, and it car-

ries the swimmer downstream. (a) How long does it take the

swimmer to cross the river? (b) How far downstream will the
swimmer be upon reaching the other side of the river?

52. The escalator that leads down into a subway station has a
length of 30.0 m and a speed of 1.8 m/s relative to the ground. A
student is coming out of the station by running in the wrong di-
rection on this escalator. The local record time for this trick is
11 s. Relative to the escalator, what speed must the student ex-
ceed in order to beat the record?

53. You are in a hot-air bailoon that, relative to the ground, has a
velocity of 6.0 m/s in a direction due east. You see a hawk mov-
ing directly away from the balloon in a direction due north. The
speed of the hawk relative to you is 2.0 m/s. What are the magni-
wude and direction of the hawk's velocity relative to the ground?
Express the directional angle relative to due east.

54. A remote-controlled model airplane is fiying due east in still
air. The airplane travels with a speed of 22.6 m/s relative to the
air. A wind suddenly begins to blow from the north toward the
south with a speed of 8.70 m/s. Find the velocity (magnitude and
direction) of the airplane as seen by the controller standing on the
ground. Determine the directional angle relative to due east.
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55. A person Iodking
out the window of a
stationary  train  no-
tices that raindrops
are falling vertically
down at a speed of
5.0 m/s relative to the
ground. When the train moves at a constant velocity, the rain-
drops make an angle of 25° when they move past the window, as
the drawing shows. How fast is the train moving?

*56. A ferry boat is traveling in a direction 35.1° north of east
with a speed of 5.12 m/s relative to the water. A passenger is
walking with a velocity of 2.71 m/s due east relative to the boat.
What is the velocity (magnitude and direction) of the passenger
with respect to the water? Determine the directional angle rela-
tive to due east.

*57. ssm Mario, a hockey player, is skating due south at a speed
of 7.0 m/s relative to the ice. A teammate passes the puck to him.
The puck has a speed of 11.0 m/s and is'moving in a direction of
22° west of south, relative to the ice. What are the magnitude and
direction (relative to due south) of the puck’s velocity, as ob-
served by Mario?
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Section 5.1 Uniform Circulur Motion, Section 5.2 Centripetal
patia .

Acceleration | »
T ssm How jong does wakc o planc. lmvclmg 7a;ﬁz:)s';;c;’::
\I‘i’() m/s. to fly once around s circle whose radius 18 282 7
. | ‘ 1 are moving with @

5 The ups of the blades in a food blende

le that has a radius of 0.053 m. How

speed of 21 m/s i a e |
. he hisdes to make one revolution?

much ume does 1t take fort

es once around a aire

5:! A horsc rac "
- 17 m/s. What is the radiws of the track’

with a speed of ‘ |
z@ Review Concepual Example 2 in preparation for this prob

lemn. In Figure 5.4. an object, atter being released from us circular
path, travels the distance JA in the same time #t would have
moved irom O 10 £ on the circle. The speed of the object on and
off the circle remains constant at the same value. Suppose that the
radius of the circle m Figure 5.4 v 3.0 m and the angle #is 257
What iy the distance UAY

‘ssm Computer-controlicd display screens provide drivers in
the Indianapohs 500 with a vanety of itormanon about how ther
cars are performing. FForinstance. as a car s poing through a wm,
a speed of 221 mi/h (98.8 m/s) and s cemnpetal acceleration of
3.00 g tthree times the acceleration due to pravity) are displayed.
Determine the radius of the tum (1n meters). .

6) Review Conceptual Example 2 as background for this prob
lem. One kind of slingshot consists of a pocket that holds a pebble
and is whirled on a circle ol radius 1. The pebble s released brom
the circle at the angle 0. so that st wall hit the wrger. The distance
to the target trom the center of the cucle s . (See the drawiny
which 15 not to scale) The crreular path s parallel 1o the ground
and the wrpet hes inthe plane of the cucle. The distance o is 1en
times the radius 7. fgnore the cttect of graviy m pulhing the stone
downward atter 11 18 released, and hnd the angle t/
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The blade of a windshield wiper moves through an angle ol

.0° in 0.28 s. The tp of the blade moves on the arc of a circle

that has a radius of .76 m. What is the magnitude of the cen-
_tnipetal acceleration of the up of the blade?

. 8./ The eanh rotates once per day about an axis passing through
the north and south poles. an axis that is perpendicular to the
plane of the equator. Assuming the carth s o sphere with a radius
of 6.38 X 10° m. determune the speed and centnipetal acceleration

" of a person situated (3} at the cquator and (b) at a latitude of 30.0°

north of the equator.

ular track n o ume of 1185,

'97 ssm The large blade of a helicopter is rotating in a horizontal
arrcle. The length of the blade is 6.7 m. measured from is tip 1o
Qx center of the circle. Find the ratio of the centnipetal accelera-
ton at the end of the blade to that which exists at 3 point located
3,0 m from the center of the circle.

AT ‘ v '
(10./,; ;5 A centnfuge is a device v which u small container of

!

S i . X
Material is rotated at a high speed on o circular path. Such a de-
Vice s used in medical laboratonies. lor instance. 1o cause the

more dense red blood cells 1o settle through the less dense blood
serum and collect at the bottom of the container. Suppose the cen-
inipetal acceleration of the sample is 6.25 X 10 1imes larger than
the acceleration duc to gravity. How many revolutions per minute
15 the sample making, if # is located 3t a radius of 5.00 cm from
the axas of rotation?

N 160¢

2) 0.01b <
3) 320M

4Y1-6m

) 35HM

()61°

7) 245

yYH64rYs, 3
|.69x 0

({) 7 -~
10) 10,600 T nin

7R M/JL,/B) /s
- V\/LS <



" quvmaod s153L
*"wnok ssvd 3svIW
*INoA¥IAT d@n S.IWIL

. “mmum-mo

o
]

AL Bw g puads
<o e otLd, pub Sokbyslsad d1e
m“on.mﬂﬁswmx« “335/ul Qol

3o h&mﬁg TetMut ue
pup punaib Y3 Yyim s)bue

22163p-0¢ ¢ TR UoUuR) B .
waiy paaty st I1paferd v T

I TP R R o :
B T e

conngi ' Q)

c118Aud  caouoll



Kinematics in Two Dimensions

PREVIEW

and acceleration are applied to motion in two dimensions. You
a car moving on a race track, a ball flying through the air,
for displacement, velocity, and acceleration developed in

In this chapter the concepts of displacement, veloaty,
will learn to describe motion along a curved line, such as
or a spacecraft in decp space. The kinematic cquations
Chapter 2 will be applied here to descnibe projectile motion and relative veloaity.

QUICK REFERENCE

Important Terms

Projectile Motion
An object moving in two
assumed to be neghigible an
.9.80 m/s2. A baseball or football thrown from one person to another is a good example.

dimensions which experiences only the acceleration due to gravity. Air resislance is
d there is no acceleration in the x direcuion, i.€., 3 = 0. In the y direction on earth

we have ay =
Relative Velccity

The velocity of a moving object can

That is. the value of the velocity must be meas

take on different values depending on the point of view of the observer.
ured 'relative’ to a particular observer.

Kinematic Equations for Two Dimensional Motion (Constant Acceleration)

vx:vm+axt (3.3a) vy=v0y+ayt (3.3b)
x:%(vm+vx)t (3.4a) y:—%—(voya-vy)t (3.4b)
- 1,2 - 1,
x-.vat+2aXt (3.5a) y—vOyH—za.),l (3.5b)
vf: v(2k+2axx (3.6a) vf,:véya»Zgy (3.6b)

DISCUSSION OF SELECTED SECTIONS

3.2 Equations of Kinematics in Two Dimensions

t, velocity, and accelerauon were vector quantities. In one-dimensional
negative sign. In the more complex realm
ndependently, with the understanding that

In Chapter 2 we emphasized that displacemen
motion the direction of these vectors was simply denoted by a posilive or
of two dimensions we must be careful to treat both the x and y motion 1

they will add together as vectors.
In treating two-dimensional motion we must be careful to view the x and y componenis of the motion as

separate but related quantities. We will see that the x part of the motion occurs exactly as it would if the y part did
pot occur at all. Simularly, the y part of the motion occurs exactly as it would if the x part of the motion did not
exist. Therefore, two sets of kinematic equations are needed to describe the full two dimensional motion.
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Example | Componenis of the velocity vector
A ball is traveling at a constant velocity of 20.0 m/s at an angle of 30.0 degrees with respect to the x axis. How far

does the ball travel in the xand y directions in | minute? See the diagram shown below.

First find the x and y components of the velocity y

il

v cos 8 = (20.0 m/s)cos 30.00: 17.3 m/s.

Vx

vy =vsin 0= (20.0 m/s)sin 30.0" = 10.0 ms.

<

Since there is no acceleration, the x and y displacements

are given by equations (3.5a) and (3.5b) with y
vox = ¥x and Yoy = Vy We therefore have,

= vyt =(17.3 m/s) (60 s) = 1040 m. 8]
y = vytz(I0.0 m/s) (60 s) = 600 m. N

¢
\J
<

\

3.3 Projectile Motion

otion is one in which only the vertical component of the
{ (assuming that air resistance is
s describing the trajectory of such

When we throw a ball, or firc a bullet from a gun. the m
velocity changes with time. The horizontal velocity component remains constan
negligible). We refer to this type of motion as projectile motion. The equation
a projectile are equations (3.3) through (3.6). Consider the following example.

Example 2
A football is kicked with an initial velocity of 82 fUs at an angle of 53°

does the fcotball go and how far down the field does it land?

with respect to the horizontal. How high

y
A

A\
0 y
max
0
Y > X
- X —>

The x and y motions can be treated separately. Begin by looking at the motion in the y direction. We have

vy = vp Sin f = (82 fus) sin 53° =65 ft/s; ay = -32.2 ft/sz; vy = 0.
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al velocity to be zero. In effect, we are looking at the first half of the motion in the y
on in which the ball is rising. When the ball reaches its maximum height,
(3.6b) we can solve {or this maximum heighty,

2
Y- 2
Oy - M - 66 ft

y = =
me 2a,  2(-32.2fus)

Notice we have chosen the fin
direction. i.¢.. the poruon of the mot
vy= Cand y = Ypax Using equation

To find the distance tae football travels in the x direcuon, we need to know the time of flight for the ball. We can

find the tume it takes for the ball to rise using equation (3.3b), 1.e.,

L= -vgyla=-(65 fUs)/(-32.2 fUs%) = 2.0s.

alue, or 4.0 seconds. Now we can find the x distance using equation (3.5a) and

The total time of flight is twice this v
= (B2 fUs) cos 53° =49 fus. We have

noting thatag = 0 and vox = V() €08 3]

FA0U g =8t

X = vpyl = (49 [Us) (4.05) =20X 102 f1.

So the ball rose 66 [tin the air, stayed up 4.0 s (hang time), and traveled 2.0 X 102 ft.

Example 3
A jet fighter s traveling horizontally with a specd of 111 m/s at an altitude of 3.00 x 102 m, when the pilot

accadentally releases an outboard fuel tank. (a) How much ume clapses before the tank hits the ground? (b) What is
the speed of the tank just before it hits the ground? (¢) What is the horizontal distance traveled by the tank?

(a) The y-direction datais; y=-3.00x 102 m, voy = 0, ay = - 9.80 m/s2. Using equation (3.5b) and solving for t,

2
2(-
2y _ 2(-3.00 x 100m) _ 7825

P

Ny (-9.80 m/s?)

(b) The y component of the veloaty as it strikes the ground can be found using equation (3.3b),

vy= vy tats 0 + (-9.80 m/s?) (7.825) = -76.6 m/s.
he ground can be obtained by calculating the vector sum of the x and y components. The x

The speed as ithits t
ocity is constant at 111 m/s. Therefore,

component of the vel

vo= VievE = J (1T ws) + (766 mis)” = 135 ms.

(¢) The honzontal distance can be obtained using equation (3.5a) withay =0 and vpx = 111 m/s,

X = Vox t=(111 m/s) (7.825) = 868 m.

g the time required for the fuel tank to hit the ground.

Note that the initial velocity, vox. plays no role in determinin
782 s to reach the ground. However, the speed on

et were moving faster, the tank would stil take

Even if the )
wal distance would be affected by vox-

impact and the honzon
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3.4 Relative Velocity

the observer who is making the measurement. For example,

suppose a ground based observer is measuring the velocity of two cars, each moving in the same direction. Car A 1s
moving at 45 km/h relative to the ground, while car B is moving at 55 km/h relative to the ground. The observer in
car A . however, measures the veloaty of car B as 10 kmv'h relative to himself. Car B measures A's veloaty as -10
km/h in his reference frame. So each observer obtains different values for the velocities because each is making

measurements from diferent points of reference.

The veiocity measured for a particular object depends on

Example 4 Relative velocity in one dimension
A passenger in a moving train is walking towards the dining car in the front of the train. The train is moving at a

speed of 21 fUs and the passenger is walking at 4 {Us relative to the train. How far will the passenger move in 10.0
seconds relative to (a) the train, and (b) a ground based observer.

Use the following symbols to represent the different relative veloaties;

Vg = veloaity of the train relative to the ground.
Vpr = veloaty of the passenger relative to the train.
VpGg = velocity of the passenger relative to the ground.

We can see that the three velocities are related in the following manner;

vmszT+vTG:4ﬂ/s+21 ft/s = 25 fUs.

The distances measured in cach case are therefore,

(4 ft/s) (10.0s) = 40 ft.

(a) SpT = VPT[ =
(25 ft/s) (10.0's) = 250 ft.

®  SpG = VPGt~
s it is important to emphasize the vector nature of

and the stream is {lowing, both the boat’s and the
airplane in flight is effected by the velocity of the

When dealing with relative velocities in two dimension:
the velocities. For example, if a boat is sailing across a stream,
stream’s velocity must be considered. Similarly, the velocity of an
wind. The following example illustrates this effect

Example 5 Relative velocity in two dimensions
A boat whose speed is 10.0 mi/h in sull water travels across a river that is 2.00 miles wide. The niver current 1s

5 00 mi/h directed parallel to the river bank. How long does it take for the boat to cross the river and how far

downstream will the boat arrive?

First find the velocity of the boat relative to the shore. 7 4
iagram see that
From the dia we can see Direction of current
- >
vVBS =YBW " YWS v
WS
Since the vectors vpw and vyys are perpendicular to 0
each other, the magnitude and direction of vgg can be
found from the Pythagorean theorem. VBw
v
BS
7 7.

Figure A
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”

7
. 2
Ves TV Vew t Yws

- /(10.0 mim)® + (5.00 mih)’*

= 11.2 m/h.

To find the amount of time and downstream distance we need to know the angle 8 shown in Figure A. We have

{ Vpw) ( 10.0 mi/h)
8= tan’} \V?V—ES) = tan’! KSQO ﬁl/hJ = 63.404

-;,, /////////////////////////////?//////,

] X
0
_2.00mi _ 2.00mi_5o4mi

sin 8 sin 63.4 2.00 mi

[n order to find the time taken for the trip we nwd. the
total distance traveled. We see that this distance 18

Note that the angle 8 that v BS makes with vw§s (in
Figure A) is the same angle 6 that r makes with x
(in Figure B).

Therefore, the time taken can be obtained using

r___224mi_ _g20h.

Vs 11.2mvh

t=

The distance the boat lands downstream can be found from

:2.00mi___ 2.()0mj0: lOOml
tan®  tan 63.4

X
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PRACTICE PROBLEMS

ows a baseball at a speed of 90.0 mi/h towards home plate, which is located 60.0 ft away. How far

A pitcher thr
e? Assume the ball leaves the pitcher's hand traveling honzontally.

has the ball dropped when 1t reaches the plat

An arrow is shot at an inital veloaty of 25.0 m/s at an angle of 30.0 degrees with respect to the horizontal.
(a) What is the maximum height reached by the arrow? (b) How far docs the arrow travel in the horizontal

direction in returning to the same level from which it was shot?

sizontal. It releases a

A plane is traveling at a velocity of 2.0 x 102 s at )
~ . the plane from the

bomb at an altitude cf 1.0 x 103 m. which strikes a target on the ground. (aj 1o
target when the bomb was released? (b) How long did it take the bomb to stnke the target after betng released?

(c) What was the bomb's speed at the moment of impact?

A diver springs upward from a three-meter board. At the instant she contacts the water her speed is 8.90 m/s and
her body makes an angle of 75.0° with respect to the surface of the water. (a) Determine her iniual veloaty,
both magnitude and direcuon. (b) How much time does she spend in the air?

A ball rolls off the top of a stairway with a honzontal velocity of 2.0 m/s. The steps are each 20.0 cm high and
20.0 cm wide. Which step will the ball hit first?
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6. 'When a cannon is aumed at an angle of 45° above the horizontal, a canpon ball lands 1.0 x 102 m down range.

What was the muzzie velocity of the cannon ball?

7 The compass of an aircraft indicates it is headed due north, and its airspeed indicator shows that itis moving
through the air at 120 mi/b. If a wind of 50.0 mi/h blowing from west to cast suddenly anises, what is the
velocity of the aircraft relative to the earth?

8 Anairplane pilot wishes to fly due south. A wind of 25 kovh is blowing toward the west. If the flysng speed of
the plane is 300.0 km/h (its speed in sull air), 1n what direction should the pilot head?

9. Two trains approach a railroad station, one from the north at 30.0 mys, the other from the east at 40.0 m/s. Find
the veloaties of (a) the railroad station and (b) the south-bound train; relative to the west-bound train.

10. A boat can travel ata speed of 20.0 kmvh relative to the water. The hoat sails across anver (perpendicular to the
river bank) and reaches a point 5.00 km directly across from its launch point. The water is Mlowing at a speed of
8.00 km/h parallel to the river bank. (a) At what angle must the boat steer to reach its destination? (b) How
much time is required for the boat to make the trip?
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HELPFUL SUGGESTIONS

For a projectile, in the absence of air resistance, the velocity in the x direction always continues unchanged. In
the y direction near the earth the acceleration is always g, directed downward.

For a projectile at the top of its path, vy = 0. but vy = constant

The x and y motions for a projectile must be treated scparately, since they are independent motions. However,
the time of flight, t, will be common to both sets of equations.

When a velodity is given it should always be resolved into its components, which can then be used
independently in the kinematic cquations. If the solution requires you to statc a {inal velocity, the veloaty
vector can be reconstructed from the x and y components.

The time that a projectile spends in the air is governed by the y vanable; not the x variable. Once the time of
flight has been determined, however, it can then be used in the x equations.

In many relative velocity problems the velocities form right triangles. However, if this is not the case, the law

of sines or cosines must be applied.

EVERYDAY PHYSICS

Projectile motion can be observed in many everyday situations. Throwing a baseball or football are obvious
examples. Shooting a nfle or an arrow arc also examples of projectile motions, although these are harder to
observe because of the high inital velocities involved. However, the effects of gravity must be accounted for
when you aim at a target, 1.¢., you need io aim a little above the target to compensate for this elfect

You can observe projectile motion for the simple case of a ball rolling off a table. Notice that the ball never
lands right at the base of the table, but always some distance away. Try giving the ball differentinitial velocities
and see how the landing distance varies. How can you determine the initial velocity of the ball by measunng the
height of the table and the distance the ball lands from the base of the table?

A good way to observe projectile motion is with a garden hose. Hold the hose at different angles and watch the
resulting flow of water. Which angle causes the water to reach the greatest honzontal dstance? What
measurements do you need to make in order to calculate the nozzle velocity of the water?

In real life, we really can't ignore the effects of air resistance and friction for moving objects. How would arr
resistance affect our treatment of projectile motion? What assumptions do we need to modify regarding the x and

y motions? How would the kinematic equations of motion be affected?
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10.

11.

CHAPTER QUIZ

Rock A is dropped from rest from the top of a building. Rock B 1s thrown horizontally from the top of the
same building at the same time. In the absence of air resistance compare the ime 1t takes for each rock to hit
the ground below.

a. Both objects take the same time to reach the ground.

b. Rock A strikes the ground first.

¢. Rock B strikes the ground first.
d. It is impossible to say which reaches first without knowing the building's height.

A tennis ball is hit into the air and moves along an arc. Neglecting air resistance, where along the arc is the

speed of the ball a minimum?
a. Atits launch point. b. At the top of its arc. ¢. At the landing point.

A ball moving at 3.0 m/s rolls off a table and strikes the floor 0.30 s later. What is its speed on impact?
a. 3.0 m/s b. 4.2 m/s ¢. 5.9 m/s d. 9.0 m/s

An arrow is fired with an initial velocity of 20.0 m/s at an angle of 37.0° with the horizontal. How long does

the arrow stay in the air?
a 1.22s b. 2465 c.326s d 4085

Two cars travel towards each other on the same road, one at 45 mi/h, the other at 55 mi/h. They are initially

separated by 150 miles. How long will it take for the cars to meet?
a. 1.5h b.6.0h c. 15h d.0.67h

A boat is traveling upstream at 10.0 mi/h. The current moves at 3.0 mi/h. How fast is the boat moving

relative to the shore?
a. 13 mi/h b. 10 mi‘h ¢. 7mi/h d. 33 mi/h

A boat which can travel at 6 km/h wants to go directly across a stream whose current 1s 3 km/h. At what angle

must the boat steer (relative to the shore) to accomplish this?
a. 30° b. 40° c. 60° d. 90°

A plane can {1y at a speed of 150 m/s in stll air. When a cross wind (a wind directed perpendicular to the plane)

blows at 80.0 m/s, what is the plane's speed relative to the ground?
a. 70 m/s b. 130 m/s ¢. 170 m/s d. 230 m/s

A railroad flatcar is equipped with a missile launcher that points straight up. If the flatcar travels at 10 m/s and
a missile is launched at an initial speed of 100 nvs, at what angle (relative to the vertical) is the nussile

launched as seen by a stationary ground observer?
a.6° b. 10° c. 30° d. 90°

A golf ball is hit and makes an angle of 45° with the honizontal as it leaves the tee. The ball lands 200.0 yards

away and was in the air for 10 s. What was the ball's initial speed?
a. 28 fus b. 60 fUs c. 851t/s d.200fvs

A plane traveling at 300 m/s (horizontally) drops a bomb which hits its target 10 s later. How high was the

plane flying?
a. 30m b. 300 m c. 500 m d. 3000 m
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SOLUTIONS AND ANSWERS

Practice Problems

1. The honzontal speed 1s
vy = (90.0 mi/h)(1h/3600 s)(5280 U1 mi) = 132 fUs.

The time to travel 60.0 ftis
t=x/vy =(60.0 /(132 {us) = 0455 s.

y = voyl+ (l/2)ayl2 =0+ (1/2)(32.2 fUs2)(0.4555)2 = 3.33, ft.

2. a The initial velocity is
Yoy = Y0 sin 30.0° = (25.0 m/s)(0.500) = 12.5 m/s;

Use equation (3.6b) and solve for y
y=-vg¥2ay = - (125 o/s)2/[2(-9.80 m/s2)] = 7.97 m.
b. Find the tme {rom Vy = Voy + at
L= -vgylay = - (12.5 m/s)/(-9.80 m/s2)=1.28s.

Finally, we have
X = vxl = vq cos 30.0° t = (25.0 m/s) cos 30.0° (2.565) = 55.4 m.

3. Using equation (3.6b) we have

;2—_-\'

vy +2ayy = [(20x 102 m/s) sin 45°]2 + 2(-9.80 m/s2)(-1.0 x 103m),

2
Oy

Which yields vy, = 2.0 x 102 m/s. Now, vy = vq cos 45° = 141 m/s. The time can be found from equation (3.3b),
t=(vy- voy)a=(2.0x 102 m/s - 1.4 x 102 m/s)/(9.80 m/s2) = 6.1 5.
a.x = vox! = (141 m/s)(6.15) =860 m, y = 1.0 103 m,
2=x2 4 y2=(860m)2 + (1.0 X 103 m)?, so that s = 1300 m.

b. We have already seen that t=6.1 s.

c. Finally,
v2= sz + vy2 = (141 m/s)2 +(2.0x 102 m/s)2 sov =240 m/s.

4. a. Ataheight of 3.00 m above the water find v4. We know

vy=V sin 75.0° = (8.90 m/s)sin 75.0° = 8.60 m/s.
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From equation (3.6b) we have

v0y2 = vyz - 2ayy = (8.60 m!s)2 -2(9.80 mfsz)(B.OO m) —> Voy = 389 m/s.

Also,
vOx = Vx = v €0s 75.0° = (8.90 m/s) cos 75.0° = 2.30 m/s —> vo?- = Voxz + voyz so that

vg = 4.52 m/s.

The direction is obtained from
8 = tan"l(vgy/vpy) = tan" 11(3.89 m/s)/(2.30 m/s)] = 59.4°.
b. The time to go up is ty, = -vgy/a = 0.397 s; the ime down 18 tyow, = Vi/a = 0.878 s. So the total time is

l:lup+ tdOwn=0.4Os+O.888: 1.28 s.

5. In order to determine which step the ball lands on, the ball must fall at least a distance equal to its honzontal
displacement. For example, at x = 0.2 m,

t=x/vy =(0.2m)/(2.0m/s)=0.15,
y = (1/2)ayt? = 0.05 m.

So the ball goes past the first step. Atx' = 0.8 m (4th step), t'= 0.4 s and y' = 0.78 m, so 1t goes past the 4th
step. However, at x"= 1.0 m (5th step), " = 0.5, y" = 1.23 m. So the ball lands on the fifth step.

6. The time taken to travel half the distance in the x direction, using equation (3.5a), 1s

t = x/(vq cos 45°) = (50.0 m)/(v(y cos 45°).
The time it takes for the ball to reach its maximum height is the also this value of t, and using equation (3.3b)
with Vy = 0,
t= voy/a = vpsin 45°/(9.8 m/sz)‘

Equating the two expressions for the time, and noung that cos 45° = 5in 45° yields,

(v cos 45°)2 = (50.0 m)(9.8 m/s2).

Thus,
voz = (50.0 m)(9.8 m/s2)/(c<):;2 45%)

vp=31 m/s.

7. A vector diagram shows the

v2 = vp2 + vy = (120 mi/h)2 + (50.0 mi/h)?
v =130 mi/h.

The direction 1s
6=tan"! (vp/vyy) = tan"! [(120 mi/h)/(50.0 mih)] = 67° North of East.
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& Since the final direction of motion and the direction of the wind are perpendicular, we can find the angle
between the plane and wind, te.,

6= cos ! (vwivp) = cos| [(25 km/h)/(300.0 km/h)] = 85° S of E.

9 a Wecan wnle vRw = YRG + YOW where R — railroad station, W —> west bound train, G —> ground.

So
vrw =0+ 40 m/s =40 m/s East.

b. We have vew = vgG + YGW- Since vgi and vy are perpendicular, we can write vswzzvSGz + VGWZ
So,
vow? = (30.0 m/s)2 + (40.0 m/s)?
vew =50.0 m/s.
Also,

6 =tan! (vgg/vgw)=36.9° S of E.

10. a. A vector diagram shows that the angle at which the boat must steer is 8= cos! (vg/vp). where the velocity

vg is that of the stream and vg is that of the boat. So,

8 = cos”! [(8.00 km/h)/(20.0 km/h)] = 66.4°.
b. The velocitly across the nver is

v2 = vg? - vg2 = (20.0 km/h)2 - (8.00 km/h)?
v = 183 km/h.

Since it's 5.00 km across the river, the time (o get across is

{ = s/v = (5.00 km)/(18.3 km/h) =0.273 h.

Quiz answers

1.a 5.a 9. a
2.b 6. ¢ 10. ¢
3. b 7.¢ 11. ¢
4. b 8. ¢
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20. (I) A diver running 1.6 m/s dives out horizontally
from the edge of a vertical cliff and reaches the
water below 3.0s later. How high was the cliff and
how far from its base did the diver hit the water?

L’MMI H.gm

24. (II) A ball is thrown horizontally from the roof of a
building 56 m tall and lands 45m from the base.
What was the ball’s initial speed?

13m/s

26. (II) A football is kicked at ground level with a speed

of 200m/s at an angle of 37.0° i
.0° to the h
How much later does it hit the ground?e erizontal

AHES

28. (I} A shot-putter throws the shot with an initial speed

of 14m/s at a 40° angle to the horizontal. Calculate the ‘ FIGURE 3-39 Problem 36.

mhlete':ll hand h:a veled by the shot if it leaves the %. (I) A projectile is shot from the edge of a cliff
2t & height of 2.2 m above the ground. 125m above ground level with an initial speed of
dam 105m/s at an angle of 37.0° with the horizontal, as

shown in Fig. 3-39. (a) Determine the time taken by
the projectile to hit point P at ground level. (b) De-

30. (IT) An athlete executing a long jump leaves the . T
termine the range X of the projectile as measured
ground at a 30° angle and travels 7.80 m. (a) What was from the base of the cliff At the instant just before
L e e e e ) the projectile hits point P, find (¢) the horizontal and
just 5.0 percent, how much longer would the jump be? the vertical components of its velocity, (d) the mag-
‘7,34? M/S / O 4 80 m nitude of the velocity, and (f) the angle made by the
velocity vector with the horizontal.
o ine 160Km/h 1t =14.65
31. (I) The pilot of an airplane traveling
wants to drop supplies to flood victims isolated on a AX=)12 Jem
patch of land 160 m below. The supplies should be .
dropped how many seconds before the plane is di- \/)( - 53 q M/{
rectly overhead?  —
5.7s Vey = _79.9%/s
o oarz il m/s
33. (II) Show that the time required for a projectile to B - y3 6 © bﬂ l’.ow ‘V"l{

reach its highest point is equal to the time for it to-
return from this highest point to its original height.

s

35. (II) A projectile is fired with an initial speed of
75.2 m/s at an angle of 34.5° above the horizontal on
a long flat firing range. Determine (@) the maximum
height reached by the projectile, (b) the total time in
the air, (c) the total horizontal distance covered (that
is, the range), and (d) the velocity of the projectile
1.50 s after firing.

Q2.6m, ¥. 595,53%,5&0"1/5

O - 24,2 ° pove He horportal
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{s2ac Newton (1642-1727)

'saac Newton was bomn prematurely and
barely survived on Christmas Day. 1642, the
same year that Galileo died. Newton's birth-
place was his mother’s farmhouse in Wools-
thorpe. England. His father died several
months before his birth, and he grew up under
the care of his mother and grandmother. As a
child he showed no particular signs of bright-
ness, and at the age of 144 he was taken out of
school to work on his mother’s farm. As a
farmer he was a failure, preferring to read
books he borrowed from a neighboring drug-
gist. An uncle sensed the scholarly poteniial in
young Isaac and prompted him to study at the
University of Cambridge, which he did for 5
years, graduating without particular distinc-
tion.

A plague swept through London, and New-
ton retreated to his mother’s farm—this time to
continue his studies. At the farm, at the age of
23, he laid the foundations for the work that
was to make him immortal. Seeing an apple
fall to the ground led him to consider the force
of gravity extending to the moon and beyond,
and he formulated the law of universal gravita-
tion (which he later proved); he invented the
calculus, an indispensable mathematical tool
in science; he extended Galileo's work and for-
mulated the three fundamental laws of motion;
and he formulated a theory of the nature of
light and showed with prisms that white light
is composed of all colors of the rainbow. It was
his experiments with prisms that first made
him famous.

When the plague subsided, Newton re-
tumed to Cambridge and soon established a
reputation for himself as a first-rate mathe-
matician. His mathematics teacher resigned in
his favor and Newton was appointed the Lu-
casian professor of mathematics. He held this
post for 28 years. In 1672 he was elected to the
Royal Society. where he exhibited the world’s
first reflector telescope. It can still be seen, pre-
served at the library of the Royal Society in
London with the inscription: “The first reflect-
ing telescope, invented by Sir Isaac Newton,
and made with his own hands.”

It wasn't until Newton was 42 that he
began to write what is generally acknowledged
as the greatest scientific book ever written, the
Principia Mathematica Philosophiae Naru-

rafis. He wrote the work in Latin and com-
pleted it in 18 months. It appeared in print in
1687 and wasn’t printed in English until 1729,
2 years after his death. When asked how he
was able to make so many discoveries, New-
ton replied that he found his solutions to prob-
lems were not by sudden insight but by contin-
ually thinking very long and hard about them
until he worked them out.

At the age of 46, his energies turmed some-
what from science when he was elected a
member of Parliament. He attended the ses-
sions in Parliament for 2 years and never gave
a speech. One day he rose and the House fell
silent to hear the great man. Newton's
“speech” was very brief; he simply requested
that a window be closed because of a draft.

A further turn from his work in science was
his appointment as warden and then as master
of the mint. Newton resigned his professorship
and directed his efforts toward greatly better-
ing the workings of the mint, to the dismay of
counterfeiters who flourished at that time. He
maintained his membership in the Royal Soci-
ety and was elected president, then was re-
elected each year for the rest of his life. At the
age of 62, he wrote Opricks, which summa-
rized his work on light. Nine years later he
wrote a second edition to his Principia.

Although Newton’s hair turned gray at 30,
itremained full, long, and wavy all his life, and
unlike others in his time he did not wear a wig.
He was a modest man, very sensitive to criti-
cism, and never married. He remained healthy
in body and mind into old age. At 80, he still
had all his teeth, his eyesight and hearing were
sharp, and his mind was alert. In his lifetime he
was regarded by his countrymen as the greatest
scientist who ever lived. In 1705 he was
knighted by Queen Anne. Newton died at the
age of 85 and was buried in Westminister
Abbey along with England’s kings and heroes.

Newton showed that the universe ran ac-
cording to natural laws that were neither capri-
cious nor malevolent—a knowledge that pro-
vided hope and inspiration to scientists,
writers, artists, philosophers, and people of all
walks of life and that ushered in the Age of
Reason. The ideas and insights of Isaac New-
ton truly changed the world and elevated the
human condition.
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Consider the diagram below. A 30kg crate is being pulled across the floor.

- FA=50N

// o
m= 30kg Y3ST
\\-._ﬂ“g‘?oo

~—
F2=20N -

a. Calculate the x and y components of Fl and F2, and write them in 1,j,k form.

b. Calculate the resultant force. Calculate its magnitude and direction, and put it
into i,j,k form

¢. Use Newton’s second law and calculate the acceleration of the crate.

d. What are the x and y components of the acceleration?

e. ‘Use the kinematics equations to calculate the displacement of the crate after 3
seconds. Calculate the magnitude and direction and express your answer in i,j,k
torm.

f. If friction was taken into account, what would be the magnitude and direction of
the frictional force in order that the crate have an acceleration of Om/s/s. ( It
would be the equilibrant force)
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Newton’s laws worksheet
Directions: complete the following problems on a separate sheet of paper.

1) A person with mass 88 kg is standing in an elevator. Sketch a Free Body Diagram
and for each case determine the person’s apparent weight ( normal force).

a) moves at a constant velocity of +5 m/s

b) accelerates upward at + 3.0 m/s/s

¢) accelerates downward at 4.3 m/s/s

d) is initially moving upward and comes to rest with a magnitude of acceleration of 4
m/s/s

€) is initially moving downward and comes to rest with a magnitude of acceleration
of 5 m/s/s

f) is accelerating downward at -9.8 m/s/s

g) is accelerating upward at 11 m/s/s ( explain what is happening to the person)

h) Downward ol - nwyg?

2) Refer to the diagram for this problem. Sketch a complete free body diagram. ,
Given the masses of the two blocks calculate the contact force between them, and
the force between the blocks and the elevator for the following cases:

a) the elevator is at rest or moving at a constant velocity

b) the elevator is accelerating upward at 3.2 m/s/s
c) the elevator is accelerating downward at 2.5 m/s/s

Mo

M,
m, = 1O K
n’\;: /O/-Lg_

3) Refer to the diagram for this problem. Sketch a complete free body diagram.
Calculate the contact forces between the blocks, and the total force that
accelerates them. The acceleration is 8.5 m/s/s to the right

K

- Tm,

M.

7 7

NO FR:CTIUN

M, = 35Ky

i =19 Ka
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'CONCEPTUAL QUESTIONS

’%?é'insu-uclions for mounting a phono ‘fige on the tone
H8 of ‘4 stereo turntable say to “adjust the tracking force of the
JFtridge so it is less than three grams.” Fro_m the point of view ‘of
correct physics, is anything wrong with this statement? Explain.

-

Wﬂy do you lunge forward when your car suddenly comes to (
@ hait? Why are you pressed backward against the seat when your
.wﬁhrggidly accelerates? In your explanauou: refer to the most ap-
“propriate one of Newton’s three laws of motion. o
@fm feeder of large mass is hung from a tree limb, as the
Wm§ shows. A cord attached to the bottom of the fef:der has
eeii left dangling free. Curiosity gets the best of a child, who

%Bn the dangling cord in an attempt to see what’s in the

feeder. The dangling cord is cut from the same source as the cord
attached to the limb. Is the cord between the feeder and the limb
more likely to snap with a slow continuous pull or a sudden down-

4 pull? Give your reasoning.

4. 5 Is a net force being applied to an object when the object is

%ving downward (a) with a constant acceleration of 9.80 m/s?
and (b) with a constant velocity of 9.80 m/s? Explain.

@ Newton's second law indicates that when a net force acts on
an object, it must accelerate. Does this mean that when two or
more forces are applied to an object simultaneously, it must accel-
erate? Explain.

A father and his seven-year-old daughter are facing each other
on ice skates. With their hands, they push off against one another.
(a) Compare the magnitudes of the pushing forces that they expe-
rience. (b) Which one, if either, experiences the larger accelera-
tion? Account for your answers.

7. A gymnast is bouncing on a trampoline. After a high bounce
the gymnast comes down and hits the elastic surface of the tra}m-
poline. In so doing the gymnast applies a force to the trampoline.
(a) Describe the effect this force has on the elastic surface. (b) The
surface applies a reaction force to the gymnast. Describe the effect
that this reaction force has on the gymnast.

8.} According to Newton’s third law, when you push on an ob-
ject, the object pushes back on you with an oppositely directed

force of equal magnitude. If the object is a massive crate resting
on the floor, it will probably not move. Some people think that the
reason the crate does not move is that the two oppositely directed
pushing forces cancel. Explain why this logic is faulty and why
*= crate does not move.

EWTON'S L Aws OF MoNON

9. Three particles have identical masses. Each particle experi-
ences only the gravitational forces due to the other two particles.
How should the particles be arranged so each one experiences a
net gravitational force that has the same magnitude? Give your
reasoning. '

10.  When a body is moved from sea level to the top of a moun-
tain, what changes—the body’s mass, its weight, or both? Ex-
plain. -

11. The force of air resistance acts to oppose the motion of an
object moving through the air. A ball is thrown upward and even-
tually returns to the ground. (a) As the ball moves upward, is the
net force that acts on the ball greater than, less than, or equal to its
weight? Justify your answer. (b) Repeat part (a) for the downward
motion of the ball. e

12.  Object A weighs twice as much as object B at the same spot
on the earth. Would the same be true at a given spot on Mars? Ac-
count for your answer. '

13.  Does the acceleration of a freely falling object depend to any
extent on the location, i.e., whether the object is on top of Mt.
Everest or in Death Valley, California? Explain,

14. A “bottle rocket” is a type of fireworks that has a long thin
tail that you insert into an empty bottle, to provide a launch plat-
form. One of these rockets is fired with the bottle pointing verti-
cally upward. An identical rocket is fired with the bottle lying on
its side, pointing horizontally. In which case does the rocket leave
the bottle with the greater acceleration? Explain, ignoring air re-
sistance and friction. ST R TR s

15. A 10-kg suitcase is placed on a scale that is in an elevator. Is
the elevator accelerating up or down when the scale reads (a) 7S N
and (b) 120 N? Justify your answers. =~ . . LTI

16. A stack of books whose true weight is 165 N is placed on a
scale in an elevator. The scale reads 165 N. Can you tell from this
information whether the elevator is moving with a constant veloc-
ity of 2 m/s upward or 2 m/s downward or whether the elevator is
at rest? Explain. S

17.  Suppose you are in an elevator that is moving upward with a
constant velocity. A scale inside the elevator shows Your weight to
be 600 N. (a) Does the scale register a value that is greater than,
less than, or equal to 600 N during the time when the elevator
slows down as it comes to a stop? (b) What is the reading when
the elevator is stopped? (c) How does the value registered on the
scale compare to 600 N during the time when the elevator picks

up speed again on its way back down? Give your reasoning in
18. A person has a choice of either pushing or Vpulling;a sled at a
constant velocity, as the drawing illustrates. Friction is present. If
the angle 6 is the same in both cases, does it réquire less force to

push or to pull? Account for'your answer e

'



19.  Suppose that the coefficients of static and kinetic friction
have values such that u, = 2.0p, for a crate in contact with a ce-
ment floor. Does this mean that the magnitude of the static fric-
tional force acting on the crate at rest would always be twice the
magnitude of the kinetic frictional force acting on the moving
crate? Give your reasoning,

20. A box rests on the floor of an elevator. Because of static fric-
tion, a force is required to start the box sliding across the floor
when the elevator is (a) stationary, (b) accelerating upward, and
(c) accelerating downward. Rank the forces required in these three
situations in ascending order, i.e., smallest first. Explain.

21. A rope is used in a tug-of-war between two teams of five

people each. Both teams are equally strong, so neither team wins.

An identical rope is tied to a tree, and the same ten people pull

Just as hard on the loose end as they did in the contest. In both

cases, the people pull steadily with no Jerking. Which rope, if ei-

ther, is more likely to break? Justify your answer.

22, A stone is thrown from the top of a cliff. As the stone falls.

is it in equilibrium? Explain, ignoring air resistance.

23. Can an object ever be in equilibrium if the object is acted on
* by only (a) a single nonzero force, (b) two forces that point in mu-
- tually perpendicular directions, and (c) two forces that point in di-
- rections that are not perpendicular? Account for your answers.

24, A circus performer hangs stationary from a rope. She then
begins to climb upward by pulling herself up, hand-over-hand.
“When she starts climbing, is the tension in the rope less than,
equal to, or greater than it is when she hangs stationary? Explain.

25. During the final stages of descent, a sky diver with an open
parachute approaches the ground with a constant velocity. The
wind does not blow him from side to side: Is the sky diver in equi-
librium and, if so, what forces are responsible for the equilibrium?

26. A weight hangs from a ring at the middle of a rope, as the
drawing illustrates. Can the person who is pulling on the right end
of the rope ever make the rope perfectly horizontal? Explain your
answer in terms of the forces that act on the ring.

27. A freight train is accelerating on a level track. Other things
being equal, would the tension in the coupling between the engin¢
and the first car change if some of the cargo in the last car were
transferred to any one of the other cars? Account for your answer:
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Section 4.3 Newton’s Second Law of Motion

1. ssm A person with a blackbelt in karate has a fist that has a
= mass of 0.70 kg. Starting from rest, this fist attains a velocity of
5;"3,0 m/s in 0.15 s. What is the magnitude of the average net force

tnpplied to the fist to achieve this level of performance?

%9 A bicycle has a mass of 13.1 kg, and its rider has a mass of

81.7 kg. The nder is pumping hard, so that a horizontal net force

of 9.78 N accelerates them. What is the acceleration?

3. An airplane has a mass of 31 000 kg and takes off under the

influence of a constant net force of 37 000 N. What is the net force
that acts on the plane’s 78-kg pilot. assuming that he has the same
acceleration as the plane?

4. Scientists are experimenting with a kind of gun that may

eventually be used to fire payloads directly into orbit. In one test,

this gun acccierates a 5.0-kg projectile from rest to a speed of
4.0 X 10° m/s. The net force accelerating the projectile is 4.9 X
10° N. How much time is required for the projectile to come up to

‘speed?

‘S. ssm When a 0.058-kg tennis bail is served, it accelerates

from rest to a speed of 45 m/s. The impact with the racket gives
the ball a constant acceleration over a distance of 0.44 m. What is
the magnitude of the net force acting on the ball?

6. During a circus performance, a 72-kg human cannonball is
shot out of an 18-m-long cannon. If the human cannonbail spends
0.95 s in the cannon, determine the average net force exerted on
him in the barrel of the cannon.

7. A catapult on an aircraft carrier is capable of accelerating a

- plane from 0 to 56.0 m/s in a distance of 80.0 m. Find the average

net force that the catapult exerts on a 13 300-kg jet.

*8 . An arrow, starting from rest, jeaves the bow with a speed of

_25.0 m/s. If the average force exerted on the amrow by the bow

tWen't: doubled, all else remaining the same, with what speed would

{ﬂn arrow leave the bow?

®9. s5m www Two forces F, and F, arc applied to an object
“The larger force is F, . When both forces point due cast, the ob-
? ject’s acceleration has a magnitude of 0.50 m/s?. However, when
«JF, points due east and Fy points duc west, the acceleration has a
“magnitude of 0.40 m/s?. Find the ratio F,/Fy of the magnitudes
' of the forces.

-
~ .

Sectlon 4.4 The Vector Nature of Newton’s Second Law of Mo-
"ton, Section 4.5 Newton’s Third Law of Motion

10, A force vector has a magnitude of 720 N and a direction of
+38* north of east. Determine the magnitude and direction of the
‘components of the force that point along the north-south line and
‘along the east-west line.

;) e 7)9.0
8) 2900K 10y s7OM, w0 w
7)Ao 0l k(0PN

) =120 #f gt

§) 3574 /s

11. Two forces, F, and F,, act on the 5.00-kg block shown in the

drawing. The magnitudes of the forces are Fy = 450N and F, =

25.0 N. What is the horizontal acceleration (magnitude and direc-
| tion) of the block?

12. Two forces act on an object (mass = 4.00 kg), as in the
drawing. Find the magnitude and direction (relative to the x axis)

" of the acceleration of the object.

13. ssm Two forces act on an object (mass = 3.00 kg), as in
the drawing. Find the magnitude and direction (relative to the x
axis) of the acceleration of the object.

-

14. Two skaters, an 82-kg man and a 48-kg woman, are standing
on ice. Neglect any friction between the skate blades and the ice.
The woman pushes on the man with a force of 45 N due east. De-
termine the accelerations (magnitude and direction) of the man
and the woman.

15. A duck has a mass of 2.5 kg. As the duck paddles, a force of
0.10 N acts on it in a direction due east. In addition, the current of

the water exerts a force of 0.20 N in a direction of 52° south of
east. When these forces begin to act, the velocity of the duck is
0.11 m/s in a direction due east. Find the magnitude and direction
(relative 10 due east) of the displacement that the duck undergoes
in 3.0 s while the forces are acting.

2 [§Mfs> ) 58-3° pone X-fAxe5



*16. A space probe has two engines. Each generates the same
amount of force when fired, and the directions of these forces can
be independently adjusted. When the engines are fired simultane-

. ously and each appilies its force in the same direction, the probe, /5 ) , 7 ¥m
starting from rest, takes 28 s to travel a certain distance. How long ° -
does it take 1o travel the same distance, again starting from rest, if 205 ? £
the engines are fired simuitaneously and the forces that they apply
to the probe are perpendicular?

*17. ssm www A 325-kg boat is sailing 15.0° north of east at : / 6) 33s
a speed of 2.00 m/s. Thirty seconds later, it is sailing 35.0° north i
of east at a speed of 4.00 m/s. During this time, three forces act on : 0
the boat, a 31.0-N force directed 15.0° north of east (due to an ’7) /qu/ 55’ N? £

auxiliary engine), a 23.0-N force directed 15.0° south of west (re-
sistance due to the water), and Fy, (due to the wind). Find the
magnitude and direction of the force F,, . Express the direction as
an angle with respect to due east.

*=18. At a time when mining asteroids has become feasible, astro-
nauts have connecied a line between their 3500-kg space tug and a
£200-kg asteroid. Using their ship’s engine, they pull on the aster- |
oid with a force of 490 N. Initially the tug and the asteroid are at
rest, 450 m apart. How much time does it take for the ship and the

asteroid to meet?

v < e

19 =35 ot nent paze 30) A.55xco s ®

30 00050

"{) €, 70xc0o™" 32) 3.44 X oF

Vo) H-2m/s 3N Y7ky

21) 1" 5ky 1 13x10°W 39) 6. 62&"

M=o Miisky 38) DHAISL or =X YL
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Topics on the Unit 2 Exam:

e Two Dimensional Motion
e Projectile Motion
Circular Motion
® Uniform
= Non-Uniform
Newton’s Laws of Motion
= J[nertia
®* Second Law F=ma
» Third Law (Elevator Problems



Name: Date:

1. Velocity is defined as:
A) rate of change of position with time
B) position divided by time
C) rate of change of acceleration with time
D) a speeding up or slowing down
E) change of position

2. Acceleration is defined as:
A) rate of change of position with time
B) speed divided by time
C) rate of change of velocity with time
D) aspeeding up or slowing down
E) change of velocity

3. A stone thrown from the top of a tall building follows a path that is:
A) circular
B) made of two straight line segments
C) hyperbolic
D) parabolic
E) a straight line

4. A stone is thrown horizontally and follows the path XYZ shown. The direction of the
acceleration of the stone at point Y is:

A)
B) »
C) N
D) «
E) ~

Page 1



5. A bullet shot horizontally from a gun:
A) strikes the ground much later than one dropped vertically from the same point at the
same instant

B) never strikes the ground
C) strikes the ground at approximately the same time as one dropped vertically from

the same point at the same instant

D) travels in a straight line
E) strikes the ground much sooner than one dropped from the same point at the same

instant

6. The airplane shown is in level flight at an altitude of 0.50 km and a speed of 150 km/h.
At what distance d should it release a heavy bomb to hit the target X? Take g = 10 m/s2.

~ 150km/M
05[\1!1
[ X
V0 o S S B v B v S S v v v Sy S S G G0 v B B oy g |
< d »
A) 150m
B) 295m
C) 417m
D) 2550 m
E) 15,000 m

7. A ball is thrown horizontally from the top of a 20-m high hill. It strikes the ground at an
angle of 45°. With what speed was it thrown?

A) 14 m/s
B) 20 m/s
C) 28 m/s
D) 32m/s
E) 40 m/s
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8.

10.

A stone is thrown outward from the top of a 59.4-m high cliff with an upward velocity
component of 19.5 m/s. How long is stone in the air?

A) 4.00s

B) 5.00s

C) 6.00s

D) 7.00s

E) 8.00s

A boy on the edge of a vertical cliff 20 m high throws a stone horizontally outwards
with a speed of 20 m/s. It strikes the ground at what horizontal distance from the foot of
the cliff? Use g = 10 m/s?

A) 10m

B) 40m

C) 50m

D) 505 m

E) none of these

Which of the curves on the graph below best represents the verticle component v, versus
t for a projectile fired at an angle of 45° above the horizontal?

Vy F

B

o] t

D E
A) OC
B) DE
C) AB
D) AE
E) AF
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11. A dart is thrown horizontally toward X at 20 m/s as shown. It hits Y 0.1 s later. The
distance XY is:

/’
o,

~— X
A) 2m 7
B) Im
C) 0.5m
D) 0.im
E) 0.05m

12. A projectile is fired over level ground with an initial velocity that has a vertical
component of 20 m/s and a horizontal component of 30 m/s. Using g = 10 m/s?, the
distance from launching to landing points is:

A) 40m
B) 60m
C) 80m
D) 120m
E) 180 m

13. An object, tini to a string, moves in a circle at constant speed on a horizontal surface as
shown. The direction of the displacement of this object, as it travels from W to X is:

X Z

Y/

A) «
B) ¥
) 1
D)
E) «
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14.

15.

16.

17.

A toy racing moves with constant speed around the circle shown below. When it is at
point A its coordinates are x = 0,y = 3m and its velocity is (6m/s)i. When it is at point

B its velocity and acceleration are:

A) (6 m/s)/ and (12 m/s?)/, respectively
B) (6 m/s)1: and —(12 m/s?)7, respectively
C) (6 mv/s)y and (12 m/s?)/, respectively

' - :
D) (6 m/s)/ and (12 m/s?)y, respectively

E) (6 m/sy and 0, respectively

An object is moving on a circular path of radius 7 meters at a constant speed of 4.0 m/s.
The time required for one revolution is:

A) 2/n*s

B) n*2s

C) n/2s

D) n¥/4s

E) 2/ns

A particle moves at constant speed in a circular path. The instantaneous velocity and
instantaneous acceleration vectors are:

A) both tangent to the circular path

B) both perpendicular to the circular path

C) perpendicular to each other

D) opposite to each other

E) none of the above

A stone s tied to a string and whirled at constant speed in a horizontal circle. The speed
is then doubled without changing the length of the string. Afterward the magnitude of
the acceleration of the stone is: '

A) the same

B) twice as great

C) four times as great

D) half as great

E) one-fourth as great
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18.

19.

20.

21.

A car rounds a 20-m radius curve at 10 m/s. The magnitude of its acceleration is:
A) O

B) 0.20 m/s?

C) 5.0 nvs?

D) 40 m/s?

E) 400 m/s?

For a biological sample in a 1.0-m radius centrifuge to have a centripetal acceleration of
25g its speed must be:

A) 11 m/s

B) 16 m/s

C) 50m/s

D) 122 m/s

™y DAL Jes
£y 240 s

A girl jogs around a horizontally circle with a constant speed. She travels one fourth of a
revolution, a distance of 25 m along the circumference of the circle, in 5.0 s. The

magnitude of her acceleration is:
A) 031 m/s?

B) 1.3 m/s?

C) 1.6 m/s?

D) 3.9 m/s?

E) 6.3 m/s?

A Ferris wheel with a radius of 8.0m makes 1 revolution every 10 s. When he is at the
top, essentially a diameter above the ground, he releases a ball. How far from the point
on the ground directly under the release point does the ball land?

A) 0

B) 1.0m

C) 80m

D) 9.1m

E) 16 m
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22. A boy wishes to row across a river in the shortest possible time. He can row at 2 m/s in
still water and the river is flowing at 1 m/s. At what angle 8 should he point the bow

(front) of his boat?

N
A~ N —
M. N 1mfs
¢ N~
PPy

A) 30°
B) 45°
Q) 60°
D) 63°
E) 90°

23. A girl wishes to swim across a river to a point directly opposite as shown. She can swim
at 2 m/s in still water and the river is flowing at 1 m/s. At what angle 0 with respect to
the line joining the starting and finishing points should she swim?

Fmsh

1mls ‘_\/ R

A) 30°
B) 45°
C) 60°
D) 63°
E) 90°

24. A newton is the force:
A) of gravity on a 1 kg body
B) ofgravityonal g body
C) that gives al g body an acceleration of 1 cm/s?
D) that gives a 1 kg body an acceleration of 1 m/s?
E) that gives a 1 kg body an acceleration of 9.8 m/s?
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25. The unit of force called the newton is:
A) 9.8kg - m/s?
B) 1kg-m/s?
C) defined by means of Newton's third law
D) 1 kg of mass
E) 1 kg of force

26. The standard 1-kg mass is attached to a compressed spring and the spring is released. If
the mass initially has an acceleration of 5.6 m/s?, the force of the spring has a magnitude

of:

A) 28N

B) 5.6N

C) 11.2N

D) 0

E) an undetermined amount

27. Acceleration is always in the direction:
A) of the displacement
B) of the initial velocity
C) of the final velocity
D) of the net force
E) opposite to the frictional force

28. The term "mass" refers to the same physical concept as:
A) weight
B) inertia
C) force
D) acceleration
E) volume

29. The inertia of a body tends to cause the body to:
A) speed up
B) slow down
C) resist any change in its motion
D) fall toward the Earth
E) decelerate due to friction
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30. A heavy ball is suspended as shown. A quick jerk on the lower string will break that

31.

string but a slow pull on the lower string will break the upper string. The first result
occurs because:

/

upper sting

lower string

A) the force is too small to move the ball
B) action and reaction is operating

C) the ball has inertia

D) air friction holds the ball back

E) the ball has too much energy

The block shown moves with constant velocity on a horizontal surface. Two of the
forces on it are shown. A frictional force exerted by the surface is the only other
horizontal force on the block. The frictional force is:

3N &N
] —

A) 0

B) 2N, leftward

C) 2N, rightward

D) slightly more than 2 N, leftward
E) slightly less than 2 N, leftward
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32. Two forces, one with a magnitude of 3 N and the other with a magnitude of 5 N, are
applied to an object. For which orientations of the forces shown in the diagrams is the

magnitude of the acceleration of the object the least?

]an

3N
//ﬂ 5N

3N 5N 5N
i i i
SNK\M
SN 5N
= 5N v
A) 1
B) II
C)
D) IV
E) V

33. A car travels east at constant velocity. The net force on the car is:
A) east
B) west
C) wp
D) down
E) zero

34. A constant force of 8.0 N is exerted for 4.0 s on a 16-kg object initially at rest. The
change in speed of this object will be:
A) 05m/s
B) 2m/s
C) 4m/s
D) 8m/s
E) 32m/s

35. Two forces are applied to a 5.0-kg crate; one is 6.0 N to the north and the other is 8.0 N
to the west. The magnitude of the acceleration of the crate is:
A) 0.50 m/s?
B) 2.0 m/s?
C) 2.8m/s?
D) 10 m/s?
E) 50 m/s?
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36.

37.

38.

39.

40.

You stand on a spring scaleon the floor of an elevator. Of the following, the scale shows
the highest reading when the elevator:

A) moves upward with increasing speed

B) moves upward with decreasing speed

C) remains stationary

D) moves downward with increasing speed

E) moves downward at constant speed

The "reaction” force does not cancel the "action" force because:
A) the action force is greater than the reaction force

B) they are on different bodies

C) they are in the same direction

D) the reaction force exists only after the action force is removed
E) the reaction force is greater than the action force

A book rests on a table, exerting a downward force on the table. The reaction to this
force is:

A) the force of the Earth on the book

B) the force of the table on the book

C) the force of the Earth on the table

D) the force of the book on the Earth

E) the inertia of the book

A 90-kg man stands in an elevator that is moving up at a constant speed of 5.0 m/s. The
force exerted by him on the floor is about:

A) zero

B) 90N

C) 880N

D) 450N

E) 49N

A 90-kg man stands in an elevator that has a downward acceleration of 1.4 m/s%. The
force exerted by him on the floor is about:

A) zero

B) 90N

C) 760N

D) 880N

E) 1010N
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41. Two blocks with masses m and M are pushed along a horizontal frictionless surface by a
horizontal applied force F as shown. The magnitude of the force of either of these blocks

42.

43.

on the other is:

73 M

m

A2 R R RAARR R AR

A) mF/(im+ M)
B) mF/M
C) mF/(M—m)
D) MF/(M+ m)
E) MF/m

ARALAARAL

Two blocks (X and Y) are in contact on a horizontal frictionless surface. A 36-N

constant force is applied to X as shown. The magnitude of the force of

My 40 kg
36 N— X Y my=20 kg

A) 15N

B) 60N

C) 29N

D) 30N

E) 36N

A radian is about:
A) 25°
B) 37°
C) 45°
D) 57°
E) 90°

. One revolution is the same as:

A) lrad
B) 57 rad
C) n/2rad
D) mrad
E) 2nrad
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45.

46.

47.

48.

49.

One revolution per minute is about:
A) 0.0524 rad/s

B) 0.105 rad/s

C) 0.95 rad/s

D) 1.57 rad/s

E) 6.28 rad/s

If a wheel turns with constant angular speed then:
A) each point on its rim moves with constant velocity
B) each point on its rim moves with constant acceleration

C) the wheel turns through equal angles in equal times
D) the angle through which the wheel turns in each second increases as time goes on

E) the angle through which the wheel turns in each second decreases as time goes on

If a wheel turning at a constant rate completes 100 revolutions in 10 s its angular speed
is:

A) 0.31 rad/s

B) 0.63 rad/s

C) 10rad/s

D) 31 rad/s

E) 63 rad/s

The figure shows a cylinder of radius 0.7 m rotating about its axis at 10 rad/s. The speed
of the point P is:

A) 7.0m/s

B) 14nrad/s

C) Tnrad/s

D) 0.70 m/s

E) none of these

A particle moves in a circular path of radius 0.10 m with a constant angular speed of 5
rev/s. The acceleration of the particle is:

A) 0.10m m/s?

B) 0.50 m/s?

C) 500m m/s?

D) 1000m? m/s?

E) 10m m/s?

Page 13



50. A boat is able to move through still water at 20 m/s. It makes a round trip to a town 3.0
km upstream. If the river flows at 5 m/s, the time required for this round trip is:

A) 120s
B) 150s
C) 200s
D) 300s
E) 320s
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Exam

Name

SHORT ANSWER. Write the word or phrase that best completes each statement or answers the question.

1) The second hand of a clock is 16.0 cm long (from the center of the clock face to the tip of the second hand). What
is the magnitude of the average velocity (not speed) of the tip of the second hand during a time interval of 27
seconds?

2) A projectile returns to its original height after 4.08 seconds, during which time it travels 76.2 meters
horizontally. If air resistance can be neglected, what was the projectile’s initial speed?

(Use g =9.80 m/s2)

3) A rock is thrown from the roof of a building, with an initial velocity of 10.0 m/s at an angle of 30.0° above the
horizontal. The rock is observed to strike the ground 43.0 m from the base of the building. What is the height of
the building?

4) A child sits on a merry-go-round, 1.5 meters from the center. The merry-go-round is turning at a constant rate,

and the child is observed to have a radial acceleration of 2.3 m/s2. How long does it take for the
merry-go-round to make one revolution?



‘Answer Key
Testname: UNTITLED1.TST

<

SHORT ANSWER. Write the word or phrase that best completes each statement or answers the question.

1) 1.17 am/s
2) 274 m/s
3) 96.0 meters
4) 5.1 seconds



