Physics 12
Unit 1 Kinematics

Name:

The Ultimate Vector Kinematics Assignment (9%)

9401
1.

Which one of the following is a vector quantity?

é time

speed

. energy

. displacement
2.

A car is travelling at a constant speed of 26.0 m/s down a slope which is 12.0° to the horizontal.
What is the vertical component of the car’s velocity?

@ sy oN)” ‘L\/o Vy =260 sin1° - sy
C. 254 m/s Q\Q ‘9
D. 26.0m/s h

3.

A 1.50 kg projectile is launched at 18.0 m/s from level ground. The launch angle is 26.0° above
the horizontal. (Assume negligible friction.)

a)  What is the maximum height reached by this projectile? (5 marks)
vV -0 Q, Z- m: '
K3 M 9 ) g Uj. 21§s1n26
t (
[ R VAP VIRL SV Y
ey R U, - 1g8cs24
X ~ 1 1 = /61§
d Ve -U o711
S —— 1z 3.2 m
2 o - 19,6
How fast will the projectile be travelling when it is at its maximum height? (2 marks)

\/U: ,o,‘, U: /sz M/{
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4.
Initial velocity vector V, and final velocity vector V' are shown below.
U -3 N ('/J
Av =V £ -V ¢
v *(~Cﬁé) Vo VvV o~ Y
£ ( 4y {3

Which of the following represents the change in velocity AV ?

A. B.
AV
AV
@ D.
AV =
AV
5

A projectile is launched over level ground with a speed of 240 m/s at 35° to the horizontal. If
friction is negligible, what is the height of the projectile 17 s after launch?
EIEY,

@9.2x102m 97 R, : U

B. 1.9x10°m 11,_57\ I Y =740 s(n3f
C. 2.7x10°m U ¢

D. 55x10°m X - 137 F

Y

&:) :V(i)ijc +)74~0\la

3 H() ~aa () =[9205

/(,/l O’\j fq,gm/gi
{17
dy =/
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6.
A passenger jet needs to reach a speed of 100 m/s on the runway for takeoff. If the runway is

2.5%10°m long, what minimum average acceleration from rest is needed?

V] = 0
A, 0.040 m/s®> ¢ '0 V Z: L. +29\cj
. 2.0m/52 \/. :O £ ('
2
C. 40m/s L 7) ~ 1 /L 2
D. 10ms2  d = 2.Sv¥I0 Ca 7 \/10 *LL' _ o -0
_7 —_— -7

7. < 9 d 2(2500)

The diagram below shows projectile motion in the absence of friction.

This motion can be analyzed in terms of horizontal and vertical velocity components. Explain the
behavior of these velocity components, using principles of physics . (4 marks)
~—— ’_/

(L()ri.\/&\o; ( 'l/erjr Ve (5

Vx3C005+Qﬂf R ) K/u\icl/\arn.-\<‘/\ca\
v J

0} ®) ((0/\ 3 {“&n+) U
% o, - ~a.§8 "(* (confﬁm‘l“)
(

9508
8.
At what speed must a ball be thrown upwards to reach a maximum height of 25 m?
A, 2.6m/s C]S:ls \/7‘:(/'1 -LZQ\Q/
B. 22m/s Ej{ Y

\

C. 2.5x%102m/s 0‘:):&"8 L
D. 3.1x10°m/s v o - ) U - _m: o-j(«‘?,i)&?)
T I\ oy

U, = C .
Je 0 VLI A NP
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A projectile is launched over level ground at 35 m/s at an angle of 24° above the horizontal. 33 VAR
Friction is negligible. 2y4° J Y
a) What is the time of flight of this projectile? (3 marks) C 3:
. M
b .- 35 sy T /L /s bﬁ 2 U'M’%
I N 1 L
\a s - ol\ ? ”\Ig b /
= U o =424 - 1474
Utﬁ :«'L‘\ll‘l ‘6 SF- ':9(‘ - I‘J:Q'QIS
+ ~ -4,
What is the velocity (magnitude and direction) of this projectile 2.5 s after launch?
\/ ~f53(05 ﬂLﬂ - 31 (\'\/5 b -~ /0,3 (4 marks)
¢
U(ﬁ 1\1(5,*-0\Q 37 33@“/3‘
g -
& / be
U~ (u. Y ~°L?(’L.§‘) @ X 7L
\{) — \ 0/'1 ToNTh
¢ v
k - (2.7
9601 Q 2z Tan [ —=
10. s

Which of the following graphs represents the horizontal velocity component ( ) versus time for a

projectile thrown horizontally off a cliff? (Ignore air resistance.) /

A. 4 /' B.
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1.
A skier accelerates uniformly from 5.2 m/s to 12.8 m/s at 0.85 m/s”. Find the distance she
travels. \/ - 2
Rk vt Ut 420\0,

A. 7.7m 1. g f (
B som Lp = Yyt 29t
C. 11 = -V’

— d = Vs (

m - - "?OL(
S FULE RN G AR T

Ak
12.
A projectile is launched overﬁeve] ground7at 35 m/s at an angle of 40° above the horizontal.

What is the projectile’s time of flight?
~ Vo= Uoa
A. 23s \/«3, 5 3S s\ 40 :1LS WA f - O‘%

46s C (/
s o L
b Vs s tee -
C-
G, > - e
13, 9 R ’5

A boat which can travel at 5.6 m/s in still water heads due east across a river from a dock at X.
The boat’s resultant path is 32° south of east.

« 185 m > +0\n 39 - (‘Mrréf\{“

o.A:) | -

N — S II \ .y

C Mff‘ef\'I\ S 6x 4‘&(\31

a) What is the speed of the current? (5 marks)

\-: igx—(-c«r\B“L =) S “"\/5

Culran

b) How long will it take the boat to reach the far shore if the river is 185 m wide?

CJ:U’L *} =3 ‘(:-A \85 (2 marks)
o v s¢ 3o
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14.

Which of the following remain(s) constant for a projectile: its horizontal velocity component, v,
its vertical velocity component, vy, its vertical acceleration, g?

x
A vy,
B. gandv,
@ gand vy
D. g, vyandv,

15.

A pilot points an aircraft due east, while the wind blows from the south.

Wind

64 m/s
Y
VA
1393 wind
AN
v
2N 11y

The resultant velocity of the aircraft over the ground is 64 m/s, 25°N of E . At what speed does

the wind blow?

N ° - \/ ‘ ”
A. 2.6m/s SNQAS W, N V - €4 Sin QS\
@27m/s _ W
C. 30m/s (_;).[

D. 538 m/s

16. A soccer ball is kicked over level ground with an initial velocity of 18 m/s, 24°

above the horizontal.

a) How long does it take the ball to return to the ground?

b) What is the range of the ball?

~) Y, = | ¥ sin 2y = _‘%'3’LM/S

\j%§~: -F.52 M/5

toove-bo L —F3 -3

- ¥

bw Jx:\/)(£

(4 marks)

(3 marks)
Ay -8 "t
t=7

-/1.S s

(9 cos2u)(l,5) =24 F



Physics 12
Unit 1 Kinematics

9608
17.
W € An airplane which was flying eastward is later flying southward at the same speed. Which vector

shows the airplane’s change in velocity? 5
S A0 -v ot (%)
(

SN

O

18.
At t=0s aball rolls off the edge of a vertical cliff. At t=2.0s the ball is 6.0 m from the cliff

as shown. UX 3? d,( X G CJl'Wn '657.

Vg

— \/ ’
¢

\\\\ UX z ’dl - 6/ :Z‘O M/§
4—6.0m—®\ t=20s ¢ t
\
CJs<:\’xf‘ 3(97 (L m

How far is the ball from the cliff at =4.0 s?

A. 6.0m
B. 90m
I12m

. 24m

9701
19.

Which of the following statements concerning vector and scalar quantities is incorrect?

@ All scalar quantities have direction.

. All vector quantities have direction.
All scalar quantities have magnitude.

ﬂ All vector quantities have magnitude.
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20.
Two forces act on an object as shown in the diagram.
—
B .
e
F’L
EE—— >

-y

Which of the following best shows the resultant R of these forces?

FATA
O

21. Starting from rest, a jet takes 25 s and needs 1 500 m of runway to become airborne.

What is its speed ttdeaves the ground?
A. 60 m/s . 120m/s )C. 250 m/s D. 1500 m/s 7
d =19509 =25 v =0 vez 0 need q

, | 1
oyt ehad v boaat

o: d -yt ~ o0+l s)(2s) = 10 7

—~
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22. A projectile is launched over level ground at 85 m/s, 25° above the horizontal.
Ignore air resistance.

a) Calculate the range of the projectile. (5 marks) blj 39,4
§
ol e L
i :-3s
8% \ \}\3: 35 9 M/{ U_(* A
: { olp :"'q.g
(RS .\)' 'é': U‘P -U(‘ - _,’350' ,3;
. ~m 4 i '%
b% = /§ O -4 9
2237

(lx :Uxf z f?7)(7,31) - slrpta

b) Using principles of physics, comment on the horizontal and vertical components of

the projectile’s velocity and acceleration during the flight. (4 marks)
\Jelou’r\g Acceleroslr\on
N\ — \/W
i 1 1 I I
Lot ontall CONSTant T on zondal . O /el
\/er T cal " Q\I\o\n&\\ﬁo\ l/Qr\'ica‘f (‘D/‘S{'WI’I“ (-Q,9 ""/{z}
voJ
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23.
When a 2.0 kg rock is dropped from a cliff it hits the beach at 24 m/s. At what speed would a

4.0 kg rock, dropped from the same cliff, hit the beach? Ignore friction.

A L2mss S amd Spud) SI0 G Mass (3
C. 34m/s /(J‘\((\,(VOA/\']“

D. 48 m/s

24,

Pamela swims at 2.8 m/s relative to the water, heading west. The current flows south at 1.2 m/s.
Find Pamela’s resultant direction.

23°SfW LA {, AR
O A)
- 2 /

B. 25°Sof W Q 9 : Tan 1&)

C. 23°Nof W 1

D. 25°Nof W
25.

Mike runs horizontally off a cliff at 6.5 m/s and lands in the water 15 m from the base of the cliff.

v =6.5mfs
-

1 I5m |

a) How long does it take Mike to hit the water? (3 marks)

T
cl :\/X£ -\l/
X T

é: AX~ 5 > 7.5 5
v, 6.9
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b) How high is the cliff? (4 marks)

t:’[%l S \/(JL:O C\ﬁ):“c\'g /"\/S’L

33 M b/(%%%jxl

L
43 - 1/2(—“1‘%)(1.3!) =16
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26.

The projectile shown below has an acceleration which is

A. zero. on ,\3 (:— (‘g Qac H/) 9N
B. 1n the direction of P. . 6 , 6
/C,. in the direction of Q. G’J v )¢ '\'\ \Q
C_D. 1n the direction of
27.

An object 1s launched at 65° to the horizontal with an initial speed of 25 m/s. What is the
maximum height reached by this object?

A. 57m \/ -2Ss\nbd =220
ﬁ u’O d: Ulnb'l

D. 150 m V.)F_ ‘_-_lc/_(/__ :'26‘2(\’)
9806 (3:‘%8 A G

28.

A ball is kicked into the air from the surface of a playing field. If friction is negligible, the ball
will follow a path that is

A. circular.
B
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29.

A rock is thrown from ground level at 18 m/s, 25° above horizontal. What are the vertical
and horizontal components of its launch velocity?

L -1§sn2sS
VERTICAL COMPONENT HORIZONTAL COMPONENT l:)
A, 16mss ¥ 7.6 m/s X () - [§cos2¢S
/‘\ X -~
Q?) 7.6mfs Vv lom/s
C. 20m/s « 93m/s v
D. 93m/s ¥ 20m/s ¥
30
A motorcycle accelerates uniformly from 12 m/s to 30 m/s while travelling 420 m. Its
acceleration is U 2 L.v " 2
P - 3o -1y
5 (
A. 0.043 m/s -
B. 0.050 m/s? o) d 2 (4137
C._ 0 2
D. 0.90 m/s?
9808
31.

A rock is thrown from a clifftop at 18 m/s, 25° above the horizontal. It lands on the beach
4.2 s later.

W
g
th':—}‘(.,\ (V\/s A \\
( L
Py -4
L h |
- . + O\ Ak '1
b ok |
- \
4\3 - 6 L{ , S m Y 2
«——d 4>|
a) What is the height 4 of the cliff? (4 marks)
b) How far from the base of the cliff d did the rock land? (3 marks)

&X:\/Ké > (lfc0s35)(47) = Cg,5 o
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32.
A student collects data from the path of a projectile similar to that shown in the diagram.
O
@) O
O O
O O
O O

The student records the following data for horizontal displacement from the initial launch
position as a function of time.

d. (cm) 0.0 0.5 0.9 L5 1.9 2.5 3.1

| t(s) | 0.000 | 0.020 0.040 | 0.060 | 0.080 0.100 0.120
a) Plota graph of d, vs. t on the graph below. (2 marks)

b

v

,029 .04 060 o8 10 LI
t(s)

b) Calculate the slope of the line, giving your answer in appropriate units. (2 marks)
.5 - M
m: 2520 295
-0

c) Based on this data and this graph, make a statement about projectiles. (1 mark)

S‘aﬁae s constant

0
0 o

Vy 'S CD‘\S\’O\/\I‘) StnCaq v, - ((x

X —

£
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33. Scholarship question: A 0.50 kg ball is thrown at 42° above the horizontal at 19 m/s
from the hot air balloon when the balloon is 25 m above the ground. The balloon is
traveling upwards at a constant velocity of 3.5 m/s.

Vo= quTRdg, - 127
‘) oy

-~ ~ L
Ug = [easym 2 1412

\

Mo nd d b(j + 3‘3\\\“. lé? z

\
\

9

A |

< Range >|

What is the range? Ve . = ( L X M /S 0. =- c, g (10 marks)
9, “) |

d 2 AT N ed (‘lMQ,

g 2
Avj:\/blf l-ctlo\JV

H.9 él -/C.“Lf‘ ~25 20 U Se Olu\&clfatjﬂ‘c

P‘of/V\(A'&’\
F-dus s

do=u b= fun)lays) - c1 s m
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34,
Which of the following graphs best illustrates the horizontal displacement of a projectile as a

function of time? Ignore friction.
\

slope is U,

A. d,
Lj\"‘l C \-\ ‘1 S ("")/)5{'0‘/\"'

t
C‘ dx @
t
0206

35.

A projectile is launched towards a wall as shown in the diagram below.

v
(\»eo.d ‘3{

LT o Uy o2y M
) g 211,34
° “c'.g M/gq

o
> 2

s Y
L s‘) O/ £

,.\
6:&“’\({5"' -

With what velocity (magnitude and direction) does the projectile hit the wall? (7 marks)

need foee d 4o K
Ax:wk—ﬁ f~tﬁjm-,§5
X

{no\k (4,34 (‘01.3’)(!.013") - -4 § M/g

\

— 2\(\/\/5 @{30 E»Q(ow

. Y
4. horl ?bm%o‘f
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36. Scholarship question!
1. A rocket accelerates at 25 m/s2 from rest on a frictionless inclined surface. The rocket stops firing at

the instant it leaves the incline. \7\
T nead Vv d - 75 -
0 - i rom o T30k
B um ‘\\ ‘) 0
< \ S\n3
‘ Oz AS
70 m U
i \““ o : O
L, - 2
3 R >
If air resistance is negligible, what is the distance R to the point of impact? (12 marks)
T 1
\/F o VL' t 1 (N A

V%¢J1>+2(1§)0?LD - 13 M

g

\. .
%‘T \’\ﬁ ~ 91310372 2 43|
(32 O t

3
Ve¥des 326§ 41

0 m

'\)‘Ulé LJMJL 0(" E\(%\/\\" tgn\va v{r )(‘\‘(‘o\\\v
d\:) - U\O;JC ’“%0«52
~30 - L3l NG
L& QQ -4 | £ -30:co0 s C\V\o\(\‘ porm,
f: ) —M
vt Iy

[O.
- 1
{\Jow) Ax” y )(1(

d, 2 kysn)(i0n) = 103 o
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37. Find the range of the following projectile: (7 marks)
20m/ \_\ V
50° Qx - qtj - - Q, g
40 |m V‘\’) =W S\\(\SO d = 15 32'
" - _ 20
\[\6 - 10C08 §0
\/
Veck |
Sc\md J, | V., - t down, so
g ViV 4 2o [ neghfic!
1 L
Ny = {15304 3(a0(-29) = 25085 % < 50357,
§
=V _\ T~ 5.3
t I 532 4 ima s
—_/
x, -Q.%
~ doct

b, sl Anssdenny) Fram]
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38. Find the impact velocity for the previous question. (7 marks)

(.‘(0,“ p(od‘\OM Qmeq“}éon,-.

\/ -12%6 ad U - -25.035
% 3{

Nw) draw Vecter A

\ 2§56 ﬁ
S ) V. " 12856 +asors
|M€ - e Qa3
0939
—N 3505/

1“\9 Vimg 3l Qerg’
bQ,(OuJ -W’e
hocizont al

- J

’\'Q(\ G = 2S .0%9
1%.€56
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39. Find the range of the following, if v =42 m/s, 6=24°, and h= 56 m.

(7 marks)

Ve H I V
A 7O < -9.%
\ - s
h X 3 co8 ‘LL‘ V‘( :383“1 \/Ui - [70&3
\/\5‘ : 4211024 d
0 t,: -56
Vet
wo\rhl Sv
find ug Jv + 2ad d,ggg, ey
‘\3” 093 ¢ 1(-a5)(-s6) = -3% %7
1: \‘ip - V‘av; - =31.00% ‘1;013— = 5.6463 s
Q% 'qu
!AO(}
dx vy L ;\3%’.364)(5 ,S‘\c‘)) a3 «nJ
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Answers:

1.

Nk wh

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

23.
24.
25.
26.
27.
28.
29.
30.
31.
32.

33.
34.
35.
36.
37.
38.
39.

d
a
a) 3.18mb) 16.2 m/s
C
a
b
The horizontal velocity component is constant. 1 mark
The vertical velocity component constantly changes. 1 mark
This vertical acceleration is caused by the force of gravity. 1 mark
* The downward direction of the change in velocity / acceleration / force must be mentioned. 1 mark
b
a)2.9s b)34 m/s @ 18° below the horizontal
C
d
b
a) 3.5m/s b)33s
C
b
a)t=1.49s b) 25m
d
C
a
C
b
a) 5.6x10°m
b)
The horizontal component of velocity remains constant. There is no horizontal
acceleration (assuming air resistance is negligible). « 2 marks
The vertical component of velocity changes continuously during the flight. — 1 mark

The vertical acceleration is constant at 9.8 m,fsz, downward, throughout the
flight. « 1 mark

b
a
a) 2.3s b)26m

. oc 0 o a

a) h=54m b) range =69 m

b) 25 cm/s. The slope is horizontal velocity

¢) Since the slope is constant, the horizontal velocity of projectiles is constant
62.8 m

d

21 m/s @13° below the horizontal

v=703 m

d=529m

v=28.1 m/s @ 62.8° below the horizontal

d=213m



