Name: Period:

Kinematics-Projectiles

1. A volleyball hit into the air has an initial speed of 10 meters per second. Which vector best represents the angle
above the horizontal that the ball should be hit to remain in the air for the greatest amount of time?

Horizontal Horizontal Horizontal Horizontal

(1) (2) (3) (4)

Base your answers to questions 2 through 4 on the information below.

A projectile is fired from the ground with an initial velocity
of 250 meters per second at an angle of 60° above the
horizontal.

2. On the diagram at right, use a protractor and ruler to
draw a vector to represent the initial velocity of the
projectile. Begin the vector at P, and use a scale of 1.0
centimeter = 50 meters per second.

3. Determine the horizontal component of the initial
velocity.

P Horizontal

4. Explain why the projectile has no acceleration in the horizontal direction. [Neglect friction.]

5. Two stones, A and B, are thrown horizontally from 6. 'The diagram below represents the path of a stunt car

the top of a cliff. Stone A has an initial speed of 15 that is driven off a cliff, neglecting friction.
meters per second and stone B has an initial speed of —Sa - A S Path of car
30 meters per second. Compared to the time it takes M~

stone A to reach the ground, the time it takes stone
B to reach the ground is

1. the same

2. twice as great

3. half as great
4

four times as great
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Compared to the horizontal component of the car’s
velocity at point A, the horizontal component of the
car’s velocity at point B is

1. smaller

2. greater

3. the same
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Base your answers to questions 7 through 9 on the infor- | 11. A golf ball is hit with an initial velocity of 15 meters
mation and diagram below. per second at an angle of 35° above the horizontal.
What is the vertical component of the golf ball’s ini-

An object was projected horizontally from a tall cliff. The tial velocity? =

diagram below represents the path of the object, neglect- 1. 8.6 m/s -

ing friction. 2. 9.8m/s

3. 12m/s .
] 4. 15m/s
A
12. As shown in the diagram below, a student standing on
the roof of a 50-meter-high building kicks a stone at a
£ horizontal speed of 4 meters per second.
(&)
© B ﬁl v =4.00m/s
5 oool
° 0o
Ideal path of object E EE
0o
0o
0o
. - ooo
Distance from base of cliff ool 50.0 m
0o
oo

7. How does the magnitude of the horizontal compo- oo
nent of the object’s velocity at A compare with the EEE
magnitude of the horizontal component of the ob- aod
ject’s velocity at point B? E EE

LTI 7 77777 rr7r7s
Level ground
(Not drawn to scale)

8. How does the magnitude of the vertical component How much time is reqt:ired for the éto'ne to reach
of the object’s velocity at point A compare with the the level ground below? [Neglect friction.]
magnitude of the vertical component of the object’s 1. 319
velocity at point B? 2. 5.10s

3. 10.2s
4. 1255
13. A machine launches a tennis ball at an angle of 25°

9. On the diagram above, sketch a likely path of the above the horizontal at 2 spe'ed of 14 r‘n/s.' The ball
horizontally projected object, assuming that it was returns to level ground. Whmh comb{natlon Of
subject to air resistance. changes must produce an increase in time of flight of

a second launch?

10. A golf ball is propelled with an initial velocity of 60 L. 'de‘CJ‘:ease the launch angle and decrease the ball’s
meters per second at 37° above the horizontal. The initial speed . ,
horizontal component of the golf ball’s initial veloc- 2. 'de‘CJ‘:ease the launch angle and increase the ball’s
ity is initial speed
1 30 m/s 3. increase the launch angle and decrease the ball’s
2. 36 m/s initial speed
3. 40 m/s 4. increase the launch angle and increase the ball’s
4: 48 m/s initial speed

Page 26 ACC.D1 APlusPhysics: Kinematics-Projectiles



Name: Period:

Kinematics-Projectiles

Base your answers to questions 14 through 16 on the information below.

A kicked soccer ball has an initial velocity of 25 meters per second at an angle of 40° above the horizontal, level
ground. [Neglect friction.]

14.

Calculate the magnitude of the vertical component of the ball’s initial velocity. [Show all work, including the
equation and substitution with units.

15. Calculate the maximum height the ball reaches above its initial position. [Show all work, including the equation
and substitution with units. ]

16. On the diagram, sketch the path of the ball’s flight from its
initial position at point P until it returns to level ground.

72 77 7 77 7 7 7 7
P Level ground

17. Two spheres, A and B, are simultaneously projected | Base your answers to questions 18 and 19 on the infor-

horizontally from the top of a tower. Sphere A has mation below.

a horizontal speed of 40 m/s and sphere B has a
horizontal speed of 20 m/s. Which statement best An outfielder throws a baseball to second base at a speed
describes the time required for the spheres to reach of 19.6 m/s and an angle of 30" above the horizontal.

the ground and the horizontal distance they travel?

1. Both spheres hit the ground at the same time 18. Which pair represents the initial horizontal velocity
and at the same distance from the base of the (v)) and initial vertical velocity (Vy) of the baseball?
tower. 1. v,=17.0m/sand v =9.80 m/s

2. Both spheres hit the ground at the same time, 2. v,=9.80m/sand v =17.0 m/s
but sphere A lands twice as far as sphere B from 3. v,=194m/sand v =5.90 m/s
the base of the tower. 4. v =19.6 m/sand v =19.6 m/s

—

3. Both spheres hit the ground at the same time,
but sphere B lands twice as far as sphere A from | 19. If the ball was caught at the same height from which

the base of the tower. it was thrown, calculate the amount of time the ball
4. Sphere A hits the ground before sphere B, and was in the air, showing all work including the equa-
sphere A lands twice as far as sphere B from the tion and substitution with units.

base of the tower.
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20. Four projectiles, A, B, C, and D, were launched from, and returned to, level ground. The data table below shows

the initial horizontal speed, initial vertical speed, and time of flight for each projectile.
Data Table

Projectile '“ig;L'::’(irf:S")ta' "231:?:&2?' Time of Flight (s)
A 40.0 29.4 6.00
B 60.0 19.6 4.00
c 50.0 24.5 5.00
D 80.0 19.6 4.00

Which projectile traveled the greatest horizontal distance? [Neglect friction. ]

A WN F
gaowx

21. Four identical projectiles are launched with the same initial speed, v, but at various angles above the level ground.
Which diagram represents the initial velocity of the projectile that will have the largest total horizontal displace-
ment? [Neglect air resistance. |

45° |

%
307 a8 60.°

Level ground Level ground Level ground Level ground
(1) (2) (3) (4)

Base your answers to questions 22 and 23 on the information and diagram below.

A child kicks a ball with an initial velocity of 8.5 meters per second
at an angle of 35° with the horizontal, as shown. The ball has an
initial vertical velocity of 4.9 meters per second and a total time of
flight of 1.0 second. [Neglect air resistance.]

Vly =49 m/s

V,=8.5 m/s

-, 35°
\ A S

Horizontal

22. What is the horizontal component of the ball’s initial velocity?

23. Find the maximum height reached by the ball.
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Base your answers to questions 24 through 26 on the information below.

'The path of a stunt car driven horizontally oft a cliff is v
represented in the diagram at right. After leaving the cliff, v A
the car falls freely to point A in 0.50 second and to point B T T
in 1.00 second. dL

L=

24. Determine the magnitude of the horizontal component
of the velocity of the car at point B. [Neglect friction.]

25. Determine the magnitude of the vertical velocity of the
car at point A.

Distance From Base of Cliff (m)

26. Calculate the magnitude of the vertical displacement, d, of the car from point A to point B. [Neglect friction.
Show all work, including the equation and substitution with units.]

Base your answers to questions 27 through 29 on the information and diagram below.

A projectile is launched into the air with an initial speed of v, at a launch angle of 30° above the horizontal. The
projectile lands on the ground 2.0 seconds later.

30.° .
um]ectlle Ground

Launcher

27. On the diagram, sketch the ideal path of the projectile.

28. How does the maximum altitude of the projectile change as the launch angle is increased from 30° to 45° above
the horizontal? [Assume the same initial speed, v.,.]

29. How does the total horizontal distance traveled by the projectile change as the launch angle is increased from 30°
to 45° above the horizontal? [Assume the same initial speed, v..]
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Base your answers to questions 30 through 32 on the information and graph below.

A machine fired several projectiles at the same angle, 6, above Initial Vertical Velocity vs.
the horizontal. Each projectile was fired with a different initial Initial Velocity
velocity, v.. 'The graph below represents the relationship between @ 40. P
the magnitude of the initial vertical velocity, v, , and the magni- E P
tude of the corresponding initial velocity, v, of these projectiles. 2 30. =
1 8
30. Determine the magnitude of the initial vertical velocity of = 20 L1
the projectile, v,, when the magnitude of its initial velocity, i L~
v,, was 40 meters per second. "E /—’/
3 10 ,
= pad
= L~
£ 0.0
31. Determine the angle, 6, above the horizontal at which the ) 10. 20. 30. 40. 50. 60.
projectiles were fired. Initial Velocity (m/s)

32. Calculate the magnitude of the initial horizontal velocity of the projectile, v, , when the magnitude of its initial
velocity, v, was 40 meters per second. [Show all work, including the equation and substitution with units. |

33. A plane flying horizontally above Earth’s surface 35. A 0.2-kilogram red ball is thrown horizontally at
at 100 meters per second drops a crate. The crate a speed of 4 meters per second from a height of 3
strikes the ground 30 seconds later. What is the meters. A 0.4-kilogram green ball is thrown hori-
magnitude of the horizontal component of the zontally from the same height at a speed of 8 meters
crate’s velocity just before it strikes the ground? per second. Compared to the time it takes the red
[Neglect friction. ] ball to reach the ground, the time it takes the green
1. Om/s ball to reach the ground is
2. 100 m/s 1. one-half as great
3. 294 m/s 2. twice as great
4. 394 m/s 3. the same

4. four times as great

34. The diagram below represents the path of an object
after it was thrown. 36. A ball is thrown at an angle of 38° to the horizontal.
A What happens to the magnitude of the ball’s vertical

B acceleration during the total time interval that the
/_'\ ball is in the air?
1. It decreases, then increases.

o _ . 2. It decreases, then remains the same.
What happens to the object’s acceleration as it trav- 3. Tt increases, then decreases.

els from A to B? 4. Tt remains the same.
1. It decreases.
2. Itincreases.
3. It remains the same.
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Base your answers to questions 37 through 39 on the
information and diagram below.

A projectile is launched horizontally at a speed of 30
meters per second from a platform located a vertical
distance 4 above the ground. The projectile strikes the
ground after time # at horizontal distance 4 from the
base of the platform. [Neglect friction.]

. v =30. m/s

k

Impact
location

l

L A4
FAY

o

~

d

37. On the diagram above, sketch the theoretical path of
the projectile.

38. Calculate the horizontal distance, 4, if the projectile’s
time of flight is 2.5 seconds. [Show all work, includ-

ing the equation and substitution with units.]

39. Express the projectile’s total time of flight, 7, in terms
of the vertical distance, 4, and the acceleration due to
gravity, g. [Write an appropriate equation and solve
it for #.]

40. A ball is thrown horizontally at a speed of 24 meters

41.

42.

43.

44,

per second from the top of a cliff. If the ball hits the

ground 4.0 seconds later, approximately how high is
the clift?

1. 6.0m
2. 39m
3. 78 m
4, 96 m

A golf ball is given an initial speed of 20 meters per
second and returns to level ground. Which launch
angle above level ground results in the ball traveling
the greatest horizontal distance? [Neglect @;
friction.]

1 60° s

=

2. 45°

3. 30° . '&
4. 15° ,

A golf ball is hit at an angle of 45° above the hori-
zontal. What is the acceleration of the golf ball at
the highest point in its trajectory? [Neglect friction.]
1. 9.8 m/s? upward

2. 9.8 m/s* downward

3. 6.9 m/s* horizontal

4. 0.0 m/s?

A soccer player kicks a ball with an initial velocity
of 10 meters per second at an angle of 30" above the
horizontal. The magnitude of the horizontal compo-
nent of the ball’s initial velocity is

1. 5.0m/s
2. 8.7m/s
3. 9.8m/s
4. 10 m/s

A vector makes an angle, 0, with the horizontal. The
horizontal and vertical components of the vector will
be equal in magnitude if angle 0 is

1. 30°
2. 45°
3. 60°
4. 90°
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45. 'The diagram below represents a setup for demonstrating motion.

Lever
Sup?r‘t rod

—@s —

FAVATAViVirA
| Support base |

Compressed spring

@9

Tabletop

L0777 0777777777777 777

When the lever is released, the support rod withdraws from ball B, allowing it to fall. At the same instant, the
rod contacts ball A, propelling it horizontally to the left. Which statement describes the motion that is observed
after the lever is released and the balls fall? [Neglect friction.]

1. Ball A travels at constant velocity.

2. Ball A hits the tabletop at the same time as ball B.

3. Ball B hits the tabletop before ball A.

4. Ball B travels with an increasing acceleration.

46.

47.

48.

A projectile launched at an angle of 45° above the
horizontal travels through the air. Compared to the
projectile’s theoretical path with no air friction, the
actual trajectory of the projectile with air friction is
1. lower and shorter

2. lower and longer

3. higher and shorter

4. higher and longer

A projectile is fired with an initial velocity of 120

meters per second at an angle, 0, above the horizon-
tal. If the projectile’s initial horizontal speed is 55
meters per second, then angle 6 measures approxi-

mately
1. 13°
2. 27
3. 63°
4. 75°

A baseball is thrown at an angle of 40° above the
horizontal. The horizontal component of the base-
ball’s initial velocity is 12 meters per second. What
is the magnitude of the ball’s initial velocity?

1. 7.71m/s

49.

50.

A toy rocket is launched twice into the air from
level ground and returns to level ground. The rocket
is first launched with initial speed v at an angle of
45" above the horizontal. It is launched the sec-
ond time with the same initial speed, but with the
launch angle increased to 60° above the horizontal.
Describe how both the total horizontal distance the
rocket travels and the time in the air are aftected by
the increase in launch angle. [Neglect friction.]

A projectile is launched at an angle above the
ground. The horizontal component of the projectile’s
velocity, v, is initially 40 meters per second. The
vertical component of the projectile’s velocity, v , is
initially 30 meters per second. What are the compo-
nents of the projectile’s velocity after 2.0 seconds of
flight? [Neglect friction.]

1. v=40 m/s and v =10 m/s

2. v =40 m/s and v =30 m/s

3. v=20 m/s and v =10 m/s

4. v =20 m/s and v =30 m/s

~

~

~

~

2. 920 m/s
3. 15.7m/s
4. 18.7m/s
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51. A ball is thrown with an initial speed of 10 meters Base your answers to questions 55 and 56 on the
per second. At what angle above the horizontal information below and on your knowledge of physics.
should the ball be thrown to reach the greatest
height? A football is thrown at an angle of 30" above the
1. 0° horizontal. The magnitude of the horizontal component
2. 30° of the ball’s initial velocity is 13.0 meters per second. The
3. 45° magnitude of the vertical component of the ball’s initial
4. 90° velocity is 7.5 meters per second. [Neglect friction.]

52. 'The components of a 15-meters-per-second velocity | 55. On the axes below, draw a graph representing the

at an angle of 60° above the horizontal are relationship between the horizontal displacement of

1. 7.5 m/s vertical and 13 m/s horizontal the football and the time the football is in the air.

2. 13 m/s vertical and 7.5 m/s horizontal
3. 6.0 m/s vertical and 9.0 m/s horizontal
4.

% <
9.0 m/s vertical and 6.0 m/s horizontal "g £ @
98
53. Which combination of initial horizontal velocity, gl
e . . . . o Q
(v,) and initial vertical velocity, (v,) results in the T® S
greatest horizontal range for a projectile over level o
ground? [Neglect friction. |
£ £ i
= £ Time
© ©
" I 56. The football is caught at the same height from which
> > it is thrown. Calculate the total time the football
v, =8m/s v, =6m/s was in the air. [Show all work, including the equa-
1 3 tion and substitution with units. |
(1) (3)
@ £
S S
00 ®
1l 1l
= =
v,=6m/s v,=8m/s
(2) (4)

54. Without air resistance, a kicked ball would reach a
maximum height of 6.7 meters and land 38 meters
away. With air resistance, the ball would travel
1. 6.7 m vertically and more than 38 m
horizontally

2. 38 m horizontally and less than 6.7 m vertically

3. more than 6.7 m vertically and less than 38 m
horizontally

4. less than 38 m horizontally and less than 6.7 m
vertically
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