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2-D Kinematics
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Projectile Motion
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Questions
Description: 2-D projectile motion of 3 objects with different trajectories

Learning Objectives: [x]

Problem Statement: Three projectiles, A, B, and C, are launched as shown. The arrows represent the initial velocities of the projectiles,
drawn to scale. All three projectiles eventually land on the ground. Neglect air resistance.

(a) Which projectile has the greatest initial speed? '\7iA
(1) A
(2) B
Oc -
(4) Same for all three projectiles Vig
-
——" Vi,C
(b) Which projectile has the smallest speed immediately '\7“\
before it impacts the ground? ’
(1) A -
@s Vig
(3)c -
(4) Same for all three projectiles ety Vi,
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(c) Which projectile has the greatest initial horizontal '\7
component of the velocity?

(1) A
(2) B
Ac
(4) Same for all three projectiles

S Vi,C

(d) Which projectile has the smallest final horizontal Via
component of the velocity? ’

(1) A
Qs
(3) C
(4) Same for all three projectiles

=t

(e) Which projectile has the greatest acceleration at the Via
top point of the flight? ’

(1) A
(2) B
(3)c
@ Same for all three projectiles

=t

(f) Which projectile has the greatest speed at the top Via
point of the flight? ’

1) A
()8

®c

(4) Same for all three projectiles

=t

(g) Which projectile reaches the greatest maximum
height?

(OY)
(2) B
(3)c
(4) Same for all three projectiles

<t
>

r

=
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(h) Which projectile spends the longest time in the air? v

@ A

(2) B -

(3) € Vi

(4) Same for all three projectiles -
ety Vi,

(i) Which projectile has the greatest horizontal range?

(1) A
(2) B
(3)c
(4) Same for all three projectiles

(j) Assuming that all three projectiles are still in the air
three seconds into the flight, which projectile has the
greatest height above the ground at that moment?

-

@ A Vis

(2) B -
(3) C ety Vi
(4) Same for all three projectiles

(k) Assuming that all three projectiles are still in the air '\7“\
three seconds into the flight, which projectile has the ’
greatest horizontal displacement at that moment?
(1) A -
(2) B vi,B
Oc -
(4) Same for all three projectiles

— Vi,C

K2.L2.3-02

Description: Projectile frog basics

Learning Objectives: [x]

Problem Statement: A frog leaps from flat ground with a speed of 2.00 m/s at an angle 40.0° up from the horizontal. Use g =9.82 m/s’

(a) What is the time of flight, in seconds, for the frog? X g
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Problem Statement: A frog leaps from flat ground with a speed of 2.00 m/s at an angle 40.0° up from the horizontal. Use g =9.82 m/s

(a) What is the time of flight, in seconds, for the frog? X
—

A

Tt gy

V0,
. 7 '\~\ bx=o
AF \IA; / / !

. J
492 \out L aar

k | ok

V:)(= Xawsdo® = |, $32.09 ~y
Vg Lgnps | 28358 0= 128558 o +4(92)0r

O = LLag53¢ ~ “a( AL

O.261g3 ske

O.).él 5[4 ‘

(b) What is the range, in centimeters, gf the frog's flight?
P
AX 2 Vo fb FLainm™
AX= (. 53204 (04.083) ~

Ax= OYonys ~

AX = 0. 461 m — 10-1 en

(c) What is the max height, in centimeters, the frog achieves?

5 LS
Vi Ugy = Vig™ & a4yl y
iy \2esw | Ay 0= lrsssg" s 2(~a51)(dy)
Uﬁ.,:O o“"
. 49:~¢.9\ A": 0-08‘-“ Sos_ "
\

l"jﬁ- 0.0842 m -\_;

K2.L2.3-03
Description: Projectile dart missing the target

Learning Objectives: [x]
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Problem Statement: A dartis thrown horizontally at a speed of 10 m/s at the bull’s-eye of a dartboard 2.4 m away, as in the following
figure. How far below the intended target, in centimeters, does the dart hit? Use g =9.82 m/s

10 mis -~
e i

24m

o
Axc: Vot 3 44
29 2 44 A:]: ‘341 “J'L")/.‘_-p'
Mz 6.2 sk <
- 9= 1604 (0 1)

Ay 02828 1§ ~

LJy - 283 "‘/]

Description: Projectile motion on a different planet

Learning Objectives: [x]

Problem Statement: Somewhere in the vast flat tundra of planet Tehar, a projectile is launched from the level ground at an angle of 60
degrees. It reaches the maximum height of 15 m. The acceleration due to gravity is 30 m/s.

o

(a) Find the time in seconds the projectile spends in the air. o—° L
R . 9
Borsn> Ly 28 T
—_—
44, 215 m M -
. ) Y, =0
~ \ [a
—3 Q. =- 3ng Aoy Uys 30 Vi
\[3 J

2

\1,32301"/5 364'-{-’3' B ’5A+oa.

0: 30 —=(§ A"'ot_

-
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(b) Find the initial speed of the projectile in m/s.

/ L/
\},,5 = \\Ja[ $in60°
. .
‘\)0( B Sinfo

AE M. q102mg

(c) Find the minimum speed of the projectile in m/s.

@ myx HET.NT

P

l\,(( = Nox
\lox:- \]o ws€ s

> H.hyjox o

Vo = [7,3205) gy ~ ![‘7‘3 s ’

(d) Find the horizontal range of the projectile in meters.

o
AXoa. = \,°)<A+a- ""“‘x x/ﬂ‘o*-

= V12081 (o)

/\\y,,,_: J9.6916% m  —— 3.6 m

Description: A golfer hitting uphill

Learning Objectives: [x]

Problem Statement: A golfer hits the ball off the tee at an angle of thirty-five degrees from the horizontal with a speed of 46 m/s. It
lands on the green while on the way down, which is elevated 5.50 m higher than the tee. How much time elapsed from when the ball was
hit to when it landed on the green? Use g =9.82 m/s?

(1) 0.217 s
(2) 5.16 s
(3) 3.47 s
(4) 1.97 s
(5) 7.87 s
ly= 55
3 ’ Ve
'L‘S; v.,5 =‘16 3,00
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, lg=33 1y,

Y
- o 13__1; v‘5 ='16 Rl
8| Ayzeam | (A4

Asz\[‘.ai-l- ;-l(a,_i’..q'
5.5 = Yosnde AF - ardt”
“H.a) e & $E8-DT A4 < 3.5 =0

Ate 0e2im2yq sk o o el
o~

Atz 5.15¢39 stc o way e

‘\v .

K2.L2.3-07
Description: Result of doubling initial conditions of kinematic variables

Learning Objectives: [x]

Problem Statement: In the absence of air resistance, an old textbook is launched from and returns to ground level. It follows a parabolic
trajectory and has a horizontal range of 25 m. Suppose the launch speed is doubled, and the projectile is fired at the same angle above the
ground. What is the new range of the launched book?

(1) 12.5m X 9

(2) 25 __

(5) 50m K ToxK L

(4) 75m AX

6 wom \. / Y=

(6) 225 m B v

(7) 625 m Ryze u: ty h)
&3 | % Lt

o‘\
(9 Aly*
_ DX V- et 49= Vg ay ¢ ayar™

R "
A e deWleslh ey
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- - ~ ~ T L"Jul

\; -
~ = “‘ A V2
Ag . AX=1 :\C"”f‘"/ 0= N6 44 —"'g_q/.!}‘z

0= “L(S‘A@ ‘-!-234-]}/
Ax= (Vi age 210508 4= 21V s;n0
Vilage- £ 1507
g 9

v.|* &
Ax: A |V.\ Cos8 S
9

Ie  f= wuvr
Ax= INg*
I N >V

W Ax — 94k

- ‘[{Jr) = !\ao o ,

K2.L2.3-08

Description: Given an initial height, a projectile is fired from the horizontal and hits the floor a distance D away. Find the initial vebcity, and
use that to find the angle necessary to graze the ceiling.

Learning Objectives: [x]

Problem Statement: When a bb gun is positioned such that its barrel is a height h above the floor and its barrel is parallel to the floor, a
bb fired from the gun hits the floor a distance D from the end of the barrel.

(a) What is the muzzle velocity for the gun?

(1) x
v, =h £ R I, ‘ 0‘: l«

2 * Nilev, 5 v 5 :
(2)
v, =D g].?
2h*

v,=D, [= X

2h —
K 0k
4 -
@ 1'[,:1 gh AX"D Vi -
2 ix =V,
0\x et ] s \"u co \)e..

.
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(4) !

(5) f
V= h Q
2

Ax =0

/ 7 7 4 / /1
AX = ixky « 4 ™ 8= g gt - 3 a//“-"'
oo T
D: Vodﬂk/

Jﬂ: h
v’y \,‘,530 \H(g

(b) You rotate the gun such that the end of the barrel is still h above the floor, but now the barrel makes an angle 8 with the horizontal. What
angle 6 will allow you to just graze the ceiling at height H above the floor? Use: H=2.5m,h=1.2m, D =3.6 m, g = 9.8 ny/s2. Note: The horizontal
distance the bb travels is not necessarily the same as the distance D in the first part.

(1) 21°
(2) 23°
(3)26° V,= D 2
(4)29° 2h
(5) 44°
4.8
= ds| —
=27 2w
U, = 127961 gy
X
K vk
Ax
\}"c;‘x: \)0659
M 0 A+
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K | ok Ny

Vig~ Vo §in®

!gj (k-n) = \, Sin8
Bagu-n

\J.‘a:‘. \'a S:ns'

4:,:—3 14



>V Viy - “d\j Lheny _

4.3—.—3 14
Snp = YH-n)
\{.fgl‘- \I;‘,‘gl +10§14ﬁ ' Vo
0= Ny~ + 2(-9) (H-h) g ¥3.93315°

)

V= |29 (H-h few%s.«r]
9 6—3( 7
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