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motion diagram A series of images showing the = glia gl mia g Jll ) suall de gana =1 4S o) kahads
positions of a moving object at equal time A gludia dia ) 0l yid e ¢l jaiall sl
intervals is called a

Figure 3 Combining the images from Figure 2 produces this motion
diagram of the jogger’'s movement. The series of dots at the bottom of
the figure is a particle model that corresponds to the motion diagram.
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1-A(n) is a series of images of a moving object that records its position after equal time intervals.
Sy bkl iy sl PR EANY
A) frame B) operational definition C) motion diagram D) association

-The runner is speeding up.
XX X X X

-He speeds up and then slows down [ \_L,\_m (,,_, DB &JL._H;;:, _]
L

-He runs at a constant speed and then he slows down. [ Uality & 4l de oy A (€ 1 - J

s A8 ja gl uda




What does this diagram indicate about the car's speed?
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1-The car slows down over time.

2-The car maintains a constant speed at all times.

3-The car does not move.

4-The car speeds up over time

Al Al I

Ee eeusdl 4555 LIRSS moa 435l 30 Le

98, ld) As S

S jamY 44l ) o) -1

.

Mg Ul 3l ) -2

J

|

mj\oﬂ\dkub@)mé)mo)w\u;\-3

~N

{ oM s g ol 3 )kl o) -4




AL Sl S S O = S =
& 2@ 222 & 202 ®» 2022 &
R S Pe= i

Select the correct answer.

These two particle motion diagrams for car A and car B have the same time interval. What do

the diagrams indicate?
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1-Car B reached the destination before car A

2-Car A reached the destination before carB
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| i B 58 el 38 -3

-3-Car A and car B reached the destination at the same time
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Select the correct answer.
Which of the following statements correctly describe the motion diagrams for car A and car B?

{ Dbesall Al 3B 5 LenadlUaliss LainAs Hland) & jlusts -1 ]

1-Car A speeds up, whereas car B slows down towards the end of the journey.
[ Dbesall dlgs 8B 3 buall ol LainAS jland) Ualys -2J

2-Car A slows down, whereas car B speeds up towards the end of the journey.
[ Dbl Algs (BB A Cuibd) DS gl -3]

2-Both car A and car B speed up towards the end of the journey.




Select the correct answers.
The figure opposite represents a car traveling equal distances in equal time intervals, 30.0 seconds each
interval. If the car covers 900.0 m in two time intervals, how can you describe the state of motion of the car?
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1-The car is traveling at a constant speed is 54 km/h { S54KmM/s 5 sku 4l de juny & jaii 5 Lol -1 J

~N

2-The car is speeding up. { L Al d 3 )Ll -2
&, 2 ol -

J

3-The car is slowing down. [ e shalii Alla 83 5Ll _3\




Select the correct answer.
Which of the following statements is true about the 2 runners in the race
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1-Runner A ran faster at the start of the race. & ) aA elazll HIKAS jall Ayl 8 -1
Runner B ran faster at the end of the race. & ) B slardl S Bland) dles

2-Runner A and runner B are running at the same speed. [ Ao yudl Guily laS B gA Cpilanl _2}

3-Runner A is a faster than runner B. [ Belanll (3a & pual A (pilaall -3]




Section 1 Force and Motion: Review

1. MAIN IDEA How does a motion diagram represent an object’s motion?

SOLUTION: o &S, > &S5,>) dalas o Jhies .S Zewd J) 5,52l 1
A motion diagram shows the positions of a moving object at equal time intervals.

Aglunde Ay SIS 3 pur 4S5 igs ot - 1

2. Motion Diagram of a Bike Rider Draw a particle model motion diagram for a bike rider moving at a constant

pace along a straight path. rigas 4S,> dalasis gyl dalyy Sy AS > Jalases .2

G Job e aul dc s & o dnlyn S g
SOLUTION: i
& s [ . |

Each dot represents the position of the bike rider at each time interval. The elapsed times between the
dots are equal. The equal spacing indicates that the bike rider moved an equal distance during each time
interval. Therefore, the rate of motion of the bike rider was constant.



3. Motion Diagram of a Car Draw a particle model motion diagram corresponding to the motion diagram in Figure 4
for a car coming to a stop at a stop sign. What point on the car did you use to represent the car?

pea> 7iger AS,> Jdalasie gyl & lew 4AS o Jalases .3

e clig Lt 4 S Al o2 gl aS ) dadass 33las

Lozl 3Ll Gle dany g a2aa)) 2o ) J3ns])

' 5, Lol Jied

Figure 4

SOLUTION:

L > L ] L

The point should be close to the center of the car.

As the car slowed down as it moved to the left, the distance it traveled during each equal time interval
became less and less.



4. Motion Diagram of a Bird Draw a particle model motion diagram corresponding to the motion diagram in
Figure 5 for a flying bird. What point on the bird did you choose to represent the bird?

il Ala) 5 JSEI) 2 paaged) 4Sol dadases 3ol
Celic) jla)l puus le L s Al s @)l

Figure 5

SOLUTION:

The point should be close to the center of the bird. The equal distances between the dots indicates that
the bird was flying at a constant speed.
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The description of motion is a description of place and time.
e L oticomn Diacrame

(il
R <
—

Lo

Figure 6 A simplified motion diagram uses dots to represent a moving object and arrows to
indicate positions.

TIME INTERVAL

The time interval is equal to the change in time from the initial time to the finaltime. | _s)as%) e3d) aoe g daa aled) Grapd) dcesd! 3 30l calows
At =ty — t; Al = 15 -

DISPLACEMENT

as15%)
Displacement is the change in position from initial position to final position. 1AMl lg sl Gty as bl Sselt osbat 5 2 8511 A il A 2=
Ax = Xx; — Xi Ax = Xt - Xi

xi Initial Position (&Y a8 sall t; Initial time iy (e 3

Xy final Position el &8 sall ty final time el e
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7 - Which of the fnllnwing cﬂrrectly describes the displacement of an object that moves from position di to df?

A) Ad = df — di B) v=Ad/At C) Adf = di — df D) Ad = df + di

X = x; =10 Positiona sl
1-calculate the change in position neme
Ax = xf —Xj Cﬁfd‘ Lé .,!WS\ . \ At = tf _ti uAJM L;ﬁ ‘).4;_\5\ a._u.u;\

2-calculate the change in time
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1-calculate the change in position ntime
szxf —Xi é\gﬂ\é*ﬁﬂ\ g,w.‘;\ At:tf _ti UAJJ\&),P_J\ c,w;\

2-calculate the change in time



- Negative positionlludl &3 sall

1-calculate the change in position
gm0 o g 50
-

Ax = xf —X;

meters

Figure 7 The green arrow indicates a
negative position of —5 m if the direction
right of the origin is chosen as positive.

adly a=lj3) pams¥) oyl pmgs 7SS
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5-Depending on the figure, what is the displacement for the runner after (5.0 s) from the
beginning of his movement?

O
]

+20m 3 +10m
—20 cm [ —10m

time period 2.5 s between the two images

2.8 s}ﬁﬂhwmdﬁw@j] 5 _yaal)

TaiS a Al (0 5.0 S byl Aa)) La
+10m O3 +20m O3
—10m O3 —20m O



5- Depending on the figure, what is the displacement for the car after (0.30 s) from the
beginning of its movement?

time period (0.15 s) between the two images

O +70cm O +50cm = |ln@mlunmn|m i mllmlmqlmmnqmnmnpur'

O 4+80cm O 4+40cm ™

| =S cm
start >x
CulSia 05 s 9ea IS O ( 0.15 s ) Asdash 5 5d0 ¢ aslaall JSAl) (B Aall) Hlud) ASa e Jalae) -5
ﬁa ﬁ‘l“ - ]llﬁlb " Tleasn Ll e (0.30 ) 2y 3Ll da)j) La
'n Ny et PGS (L b MAstet) B ik s x
E- fo . s S Vg s +70cm O +50cm O
HRER Y +80cm O +40cm 03




Vectors and Scalars dgvigd) gk g dgigd) Colgl))

A quantity that has both magnitude and olai) g Hlaia L Al sl o dgadial) dsasl)
direction is called a vector. ) S

You can represent a vector with an arrow. The Jsb Jia Cun aga¥L asiall Jiad Sy
length of the arrow represents the magnitude olai) agual) olai) Jiay g 4aiall jlaia agull

of the vector, and the direction of the arrow ( &Jw‘_ syl Z\A\J’N\S) il
represents the direction of the vector

|
Velocity — displacement - acceleration

slad) (6] (150 e laia Led A Sl o (Aplil)) Agasal) dgasl)
(ALK — (ya 3l — A8LlIS)

A quantity that is just a number without any direction, such as
distance, time, or temperature, is called a scalar.



Q 2- Classify these quantities as (vector quantity or scalar quantity)

Mass — Volume — Velocity — Distance — Displacement — Time — area - acceleration

vector quantity scalar quantity

13 - Two displacements are equal when

A) the two magnitudes and directions are the same B) the two directions are the same

() they end at the same point D) they begin at the same point



displacement and distance 4Ll s 4s 7Y

distance is the entire length of an object’s path
It has magnitude, it has no direction

aall 48 lisdd KU shall Ll ddliall
ol g Ll 5 lata Ll

DISPLACEMENT

Displacement is the change in position from initial position to final position.
AX — X5 — X
Ao 5%

.l=,:1'_'|._'|,1'31'| H?S—"—-H - IJ"'_-:';—":—" L;il—&."u—l! ,q!-_jg_ajl ‘=;5.L_u:1 o gj—aJ. L:,-ﬁ _,._.J.'.J1 L -:-l;--b__,.:.'a’.

A vector quantity that has both magnitude and direction
ol 5 late Led dgaia 4aS



At the beginning of the body from point A to point B

('} | 1 | | 1 | l_ | | | | - B M J‘AM .w ry ‘ Lﬁ‘u. 43;
0 2 4 6 8 10 i E
A B
Calculate the total distance 418l 48luall Crual North Jles

Calculate the total displacementaalSll 4al 3V

South ¢



At the beginning of the body from point A to point S and then to point B
B 4kl ) ai§ akaii AL (ra amadl iy die

] [ ]
S B
«t— i

-20 -10

| | | | l | |
1 ! 1 i r 1 - ;.;'_,.aa'é*l_;j..u
10 20 30 40 50 60 70 80

A
I
0
Calculate the total distance 4d<!l ddliwall Crval

Calculate the total displacementaiSll dal) YY) sl



Vector addition and subtraction le= b s Cilgaiall aea

A resultant. find the sum of two vectors or the difference between two
vectors. A vector that represents the sum of two other vectors is called A resultant

wwwéﬂ\jwﬁw 'w\
ddasall o Al Cgatia £ saxa Jiay (sl Apiall
What is the sum of a vector of length 5 km west and a vector 2 km west?

Lekm2 4sies Lgkm 5 4lsh 4ak & gena L

Example of Vector Addition

B alaz
L, 2 km L5 5km J—-a‘f'
R=A+B R=A+B — - 2
=5km + 2 km = L2 7 km
= 7 Km -

G, 7 km alasJ)



What is the sum of a vector of length 4 km west and a vector 6 km east?

B SkmB 4aies Lekm 4 4lsh anic & saxa b

Examples of Vector Subtraction N . ”t | ]JE-Q
A -]__
L,z 4 km L
R=A+B R=A+B - .
=—A+8B =—4 km+ 6 km 7 -
=2 kmls, =+ 2km 2

Byi 2 km alasJ
What is the sum of a vector of length 7 km west and a vector 4 km east?

G ikm4 4aies Lye 7km Alshb 4aic ¢ sana L

5 h c -
5,2 7 km S
R=A+B R=A+B . .
=—A-+B8B =—7km+ 4 km
= — 3 km B -
=3 kmL, = 5,5 4 km -

L,e R 3 km alasJ



?If the Emirati Hope Probe orbited Mars one full cycle, what is the probe’s distance traveled and displacement

":_JL_n.u..ua.U 2..:-—1_};;.51_9 &.Q_SJ»_-;_E.QH A el L_._? Ld ¢ dS 5..!..‘:-—'!_9 5y90 EJ.QJ'I d_g_‘::- L},'I_;Lﬂ}“ (J.A‘;S” _JL_&M _;L_‘} L:‘&l

.Distance is circumference of the circular orbit while displacement is zero

e (Solus A=>17) Leon éJJ‘JJ\ Dl lai=xo P = -1 WO |

EMIRATES MARS MISSION
YHOPE PROBE"

THE FIRST ARAB INTERPLANETARY MISSION
Distance and displacement both are zero

2> oS ap-[j);’\_g aaluo])

.Distance is zero while the displacement is circumference of the circular orbit

k_.ﬁ)—"‘v\-“ Ol oo (2 A=Y laos y2.0 ddlas])

.Distance and displacement both are equal to circumference of the circular orbit

\:.;V)j\_ﬂ\ )\;AJ\ _‘cam \ngb....._w | PV L R;\)}'\j Aaluall
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Plotting data The data listed in Table 1 can be presented on a (O ke uj Tdgaad! 3 63 gl) bl J-““ He ‘;'ul-.!-.‘-"" o
position-time graph, in which the time data is plotted on a horizontal Bgall lbilog 23] joa (e Gl bly ad ausd G coaﬂ'{ Hsedl (0
axis and the position data is plotted on a vertical axis. The graph of the gl 18 g ) 11 JSN 5 dZall &8 o) ALl g )l gl ) jyonn L

runner’s motion is shown in Figure 11. To draw this graph, first plot the olisl) daeo 25V sl ) b Byl ol alga sd> ol
runner’s positions. Then, draw a line that best fits the points. il 8 Yoo o Sl ) J Lo Lpally ol
3 ", } Position v. Time
Table 1 Position v. Time 30.0
Time (s) Position (m) 55 0
00 0.0 E 20.0
c
1.0 5.0 g 15.0
2.0 10.0 W
S 10.0
3.0 15.0
5.0
4.0 20.0
0.0
50 250 1.0 2.0 3.0 40 50 6.0
~ ~ Time (=)
. . ] _ D e goills gdsell o @Ml Slo g olia] cliSy 11 Jsidl
Figure 11 You can create a position-time graph by plotting the s el gy @b es Jsand) (e deai)) @l gally gaslped! s

positions and times from the table. By drawing a best-fitline, you can s 5,1 & w3lsly ace})) wlmall pas el dolad) gasd il
estimate other times and positions. ' Jgasl



(position - time) graph 1n a figure for an object, (crall— adsall) iaie

position a8 sal dgaial) de pudl (5 gy Jaall
30 Lmmmmm—— e ——— Slope equals velocity

20 east

C

10

L

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

»
»

—-10

slope is positive

—20 | The body is moving at a zero slope Lia Juall
—30 constant positive velocity The body is still, not
(right - east) ’

Slope is negative b Jxall
The body is moving at a
constant negative velocity

" w254 dpal AoalY (Sl puind R IPLTLE PRI FRCAIR
A0 A pun d Ay audl [ speed =Jka = Ao ) (Al — slull)
( Buall — UM)‘UAJ-‘ 7ero

The slope of a straight line is The slope of.a straight line is
constant <xl aficall il Jia constant <ul adicall il Jia



Jlazs S =3, ‘:‘5I 2 1 ) sl
$12.0 m g5l (x) 213 2240

Il ANALYZE THE PROBLEM

T =455 o 415 Laac elaall »z La :2 |z |
Restate the questions. a3l o — 2o JI5—d

Question 1: At what time was the magnitude of the runner’s
position (x) equal to 12.0 m~?

Question 2: What was the runner's position at time t = 4.5 s7

JUL

Position (m)
o
o

!
I
I
|
I
I
I
I
|
I
I

10 20 30 40 50 6.0
Time (s)



For problems 11-13, refer to Figure 12. Position v. Time

11. The graph in Figure 12 represents the motion of 150.0 +
a car moving along a straight highway. Describe in
words the car’s motion.

Position (m)
0
O
@)

12. Draw a particle model motion diagram that

0.0 t t t } { $ >
corresponds to the graph. gl 10 B0 SONO
13. Answer the following questions about the car’s motion. Time (s)
Assume that the positive x-direction is east Figure 12
- - - - - - A2 ASE0Y 0 s VD Rl W e
of the origin and the negative x-direction is west of e e 5 25 T2 LAY 3 o ool ) o
the origin. B! S ,o lolSIL e i dad (B g e
po ewbiny ams pews gige plasuwh 45, dadasie gyl 12
' ol s )

a. At what time was the car's position 25.0 m east of

aloa¥) ol (oa,28l .5 ,Lew)) 38> e adl)) abl¥) e o) 13

dlawy o,e o) X alas¥) gly Jal dlam §,5 Cmgldl X

the origin? F
]

b. Where was the car attimet =1.0s7 i 5,8 250 M s e 5,ked) 300 ol 22 s oo a
S LY

¢. What was the displacement of the car between times =105 daesh lasal) i ajlelt calS o4l D

O ) Gadazid) o a Lew]) ds D) colS 1l

f=10sandt=3.0¢5? t=30s,£=10s



11. The graph in Figure 12 represents the motion of a car moving along a straight highway. Describe in words the
car’s motion.

SOLUTION:
Position v. Time

150.0 +

E 100.0

| —t

= 50.0

"B

L]

[ 0.0 ¢ } TN

7.0
—50.0
Figure 12

The car begins at a position of 125.0 m» and moves toward the origin. arriving at the origin 5.0 s after it
begins moving. The car continues bevond the origin.

12. Draw a particle model motion diagram that corresponds to the graph.

SOLUTION:
tp=0.0s tg=50s
l—-—.—.—-—i
125.0 m 0.0 m
x

The equal distances between the dots indicates the car moved toward the origin at a constant speed.



13. Answer the following questions about the car’s motion. Assume that the positive x-direction is east of the origin and
the negative x-direction 1s west of the origin.

a. At what time was the car's position 25.0 m east of the origin?
b. Where was the car at time ¢ = 1.0 s?
c. What was the displacement of the car between times r = 1.0 s and # = 3.0 s?

SOLUTION: : _ ) “ I :
Position v. Time ol ¥l o) o 28 8Ll &S > e AJW) ALY e cx 13
150.0 + 405 e .a .13 R
1000m.b o 3 2 250 M st Le 3l adas LS iBa ol
abasy 5,4 £9. e A S e S RS
500m.c Ty

=105 ooyl ddandl wie 3Ll calS ool b

_s004+ ' ' ' setsaa ] gaakazadl a8 kewd) a3 colS 1iks .C
R ¢t=30s,1=10s

Position (m)

Time (s)

a. at 4.0 s Basic graph-reading skills are used to establish the relationship between the position of the
car and the elapsed time.

b. 100.0 m Basic graph-reading skills are used to establish the relationship between the position of the
car and the elapsed time.

c. 5S0.0 m Basic graph-reading skills are used to establish the relationship between the position of the
car and the elapsed time.



14. The graph in Figure 13 represents the motion of two pedestrians who are walking along a straight sidewalk in a
city. Describe in words the motion of the pedestrians. Assume that the positive direction is east of the origin.

Position v. Time

T O sy (s 35> 13 SN o5 lgl) led) g 1 iy 14

B
|;1|.a.|5.”.1 —s a..g.\...” Uj H I 'n_--.ﬂjj ulr sy Jas u_ﬁ,
o by crgell sli¥l ) o 28y gl il Grasii) &S >
E A ¥l
-
S >
.‘g
o
o
Time (s)
Figure 13
SOLUTION:

The pedestrians walk the same distance during each time interval,and they both walk east the entire
time. Pedestrian A starts west of the origin, walks toward the origin, and continues walking east.
Pedestrian B starts at the origin and walks east.

The eqaul slopes of the parallel lines show that the two pedestrians walked at the same speed in the
same direction.



Instantaneous position

.

-

~\

Table 1 Position v. Time
0.0 0.0
1.0 5.0
20 10.0
3.0 15.0
40 200
L 5.0 250
Motion Diagram

Begin e ] ] o .

¢ End

30.0

Position (m)
— — ] N
o o o o o
= fa] L] L] =

o
o

Position v. Time

10 20 30 40 50 60
Time (s)

Figure 14 You can describe the runner’s

motion using the data table, the motion
diagram, and the graph.

Identify one benefit the table has over the

graph.
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6. Where was runner A located at r = 0 s7?

o) Jolae 2940
Py SOLUTION:
200 r Runner A passed the origin. Line A begins at point (0, 0).
150 | Jlo 3 dsinged) JS2) ) ao)) J916 L) ) aclls
1 | - amla) amanl) (3 2l
S ¥ aam A )Ia)) els sld) i) L_,azuchJ
100 | St =0 Sacoy)) ddazndl wie A )3 2840 oS o) 16
E | |
D | 17. Which runner was ahead at t = 48.0 s?
"E“ 5 T B :
- | B il ivioz)) dand) wie deand) 3 olS pilda) G 17
0 L+ A +—+—+—+—+—+—+++— ot = 480 s
/ 15 25 35 45 55
—50 (s) oot 18. When Runner A was at 0.0 m, where was Runner B?
o
1 B | azd) e A 23a)) 1S Lease B o13a) 418 o) .18
i J 00m e 0.0 m
Lo, 30 m 19. How far apart were runners A and B at = 20.0 s?
t = deey)) adaznd) ane By A cpelis) oo d8lagd) oz L .19
approximately 30 m 200 s

30 m is the difference in the y coordinates of the runners at x = 20 s.



20. CHALLENGE Juanita goes for a walk. Later her friend Heather starts to walk after her. Their motions are

represented by the position-time graph in Figure 15.

Position v. Time

6.0

= 5.0

£ 40

c

8 3.0

=

@ 2.0
1.0

0.0

-0.5 | 1.0I | 15 2;0
Time (h)

Figure 15

a. How long had Juanita been walking when Heather started her walk
b. Will Heather catch up to Juanita? How can you tell?
¢. What was Juanita’s position at #= 0.2 h?

d. At what time was Heather 5.0 km from the start?

T 8,0 am aladY) Ll 1w dap b sl g5 gaaad) 20

ole Lo JSI &S ol iy wBy Lpuss Gajd) 3 ec amiiws
A5 JS8 o eslls gdsel) led! o))

s Lot aonl LS o0 a3 calS o) adlud) Jaze L .2

Sulls 7 da of eliSe caS Saesl e goliw Ja b
$1=0.2 h usy ol 2350 oS 15k .C

oo DO kM s Jle 555 ee adaaul 3l 3l L
aala) ddams

a,6,0 min The graph shows that Heather joined the walk 0.1 h after Juanita started. 0.1 x 60 min =
6 min.

b. No, the lines representing Juanita's and Heather’s motions get farther apart as time increases,
The lines will not intersect.

¢. 1.0km Atx=02h,y=1.0km.
d.t=18h Aty=50km,x=18h



Section 3 Position-Time Graph: Review

21. MAIN IDEA Using the particle model motion diagram in Figure 16 of a baby crawling across a kitchen floor,
plot a position-time graph to represent the baby’s motion. The time interval between successive dots on the
diagram i1s 1 s.

L L] L L ] L J L) [ ] L J L]
| f I I | f I I
T Ly 1 T T

O 20 40 60 80 100 120 140 160
Position (cm)

L

Figure 16

SOLUTION: iS o) s o) pesd) zige alasuls dwd J) & Sa) (21
Y60 = WA‘P—”JI*MlgEM?:“b:J16M'gEPbPJ1
e :'______i_.__i_ii._;t_i eloll o e ) &S o et Go3lly eB9e) G ML) (AL
100 I o S 15 Lo ) e dsbind) bl o dcey) 5,00
60 [ el |+ |
40 -+
20 1T 111

Position (m)

Time (s)

The straight line formed by the dots indicate the baby crawled at a constant speed. The positive slope of
the line of dots shows that the baby was crawling in the "positive' direction away from the origin.



o problems 22— 25, refer to Figure I7.

f Position v. Time 17 ds":"“ Ul\.HJ;l' ‘15_11 dﬁm‘l UPE n......:..l‘k.\
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Position (m)
3

b
Q

N
=

a0 1.0 =.0 3.0 <4 0O 5.0 &.0 .0

Time (s)

Figure 17
L e |

22, Particle Mlodel Create a particle model motion diagram from the position-time graph in Figure 17 of a hockew
puck ghiding across a frozen pond.

SOL UUTIOMN:
Tp =— 0.0 s Tty = 7.0 s
- = - - - - - -
O m 130 M

The equal spacing between the dots indicates the puck moved at a constant speed.

23. Time Use the hockey puck’s position-time graph to determine the time when the puck was 10.0 m beyond the

origin. )

ol aBsel) e EABMal) L) pw ) aasi o) Cee ) 23
SOLUTION: Aael e o ml)l am IS ":';"-‘Ji T | BN %,_':I-HJF =
0.5 s ™) dlawy e 10.0 M

Across the time-axis, the time interval between the dots is 1 second. The reading of 10 meters up the
position-axis corresponds to 0.5 s on the time-axis.



2.12 The figure describes the position of an object as a funcrion of

time. Which one of the following statements is true? .
_ ) chlall g gl il A0S Gle Lo pus 2890 JS8I1 Cimy 2.12
a) The position of the object is constant. e
b) The velocity of the object is constant. 3‘_
c) The object moves in the positive x-direction until t = 35, and
then the object is at rest. 2 2f
d) The object’s position is constant until t = 3 5, and then the object x
begins to move in the positive x-direction. Ir
e) The object moves in the positive x-direction fromt=0tot=3s ol
and then moves in the negative x-direction fromt=3stot=5s 0 1 2 3 : 5

el pwd) 2350 (a

AT pesnandd Spaadl) i samd) e

2o B peud) (2d5i @3 = 3 S m> umol) X olE) 3 poud) 2 == (C
i B TP |

-_,._?.gixot_;.pd,_s.;uv@p_“;g_ti_\_sps.tz3su:._>.|_a,,t:,@__~._-g_i¢_'c>9_au_z_,e(d
olﬁ-'égd))_’epitZBS‘_’]_'tzow@#’Xog-'g:-g@_ﬁd—‘g_”)):‘e(e
I =58  MNT=3S cie coalluul) X s584




This figure describes the position of anmn object as a funcrtion of cirTnne
FHaefer tar it oy answaser COnaestrtiorns 2.1 53— 21 &,

Z_ 1= "“Awhich orme of cthe follovwwing staterrmentts is crige at ©
a) The w—cormpworiert of chee
) The >»x—cormpworiert of thee

— 1 =z
welocity of che object is =ero.
acoelerationmn of che object is mero.
welocity of cthe olbject is prositcive.
Ay Thie w—cormpreoreernt of cthe welocityw of che object is mmegativwve.
Sk

—3 The x—cormporiernt  of che

Vo solus pul) dgavl) dc ) X 35S . (a
10 Vo gslus pud) el X 25,0 (b
rge peard) dgaal) dc,wll X S, @
adle pad) agaal) de,wll X &S .. (d

91‘:150.9)‘,;,959&44_&&}%}“@&&5)@&5" 13

2.14 Which one of the following statements is true at ¢t — 4 s?
a) The »component of the velocity of thhe object is zero.

) The x-component of the acceleration of the object is zero.
c) The x-component of the wvelocity of the object is positive.

d) The x-component of the velocity of the object is negative.

ST = 4 S o3l 38Ss Lannac & g_lgLfé)L,_Léi214

N solws mows ) Ggoul) Ao ) X &S, (a
Vo pabul gndd Slecel N 5.5 5 VD

-Ae>g90 w—-—u;J-' Gg>zil) Ge 0l X 5.S,0 (C
Aadle el Agacl) Ge ) X 2S,. (@
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Slope on a position-time graph Compare the lines representing the

joggers in the graph in Figure 19. The slope of the red jogger’s line is steeper,
indicating a greater change in position during each time interval. Recall that
you find the slope of a line by first choosing two points on the line. Next,
you subtract the vertical coordinate (x in this case) of the first point from

the vertical coordinate of the second point to obtain the rise of the line.

After that, you subtract the horizontal coordinate (t in this case) of the first

point from the horizontal coordinate of the second point to obtain the

run. The rise divided by the run is the slope.

Position (m)

6.0
5.0
4.0
3.0
2.0
1.0

0.0

o (il sl o )3 | pa ) = @ Bgall ) i) AL g I e
) s oLl i) o o 19 S (5 gl i) s ) 3 el
aod bl 85 L ) 3l J)s g}mgaﬂ,rsi s agis ] iy Leg
il sl wi A ¥ gk sl le ¥yl b Lasl asd) L
25 sy g gl el e s Sazdl gl ol I Sl
Azl asll i) sl g Al el () ais 3 1) sl slasy)
e dgall (B il doad o Judll e Juasd ) b i) e Juand

aill b i
Slope
— Xt — Xj
Tt —
__B6.0MmM— 2.0m
~ 30s—10s
=2.0m/s
)
\ Slope
p! —_ M — X
= Tty —
'Dq’w
=~ _3.0m—20m
<‘<"7 30s —20s
—~——
< I —
30‘3’9’6 = 1.0 m/s
S0
1.0 2.0 3.0



AVERAGE VELOCITY Lagwuno aBgell ,vizy dlaiwgiel) de ul) 8,58 ddawgiel) de el

Average velocity is defined as the change in position divided by the ] 2l AdMs as eddl el

time during which the change occurred. o & O]
AX . xf T xi

—_ Ax _ Xi™ X U = =% —
V="t T -t avg — At t.—t

¢ '
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27. The graph in Figure 21 describes the motion of a cruise ship drifting slowly through calm waters. The positive x-
direction (along the vertical axis) 1s defined to be south.

anaw aS > 21 S35 5,090l sled) g ) pusgs -

Position v. Time issnamdl ) @slgd) alod) e pdans s asl
Time (s)  Sanawl A.P__m =3 PUWPCIN | a.;,__urg__,us b
o 2 3 4 a. Usnng the points (0 s, 0O m) and (3 s, —1 m)
é D | | | » Ax xz —X1
= Voypr = slope =
9 2 =t
E L Vavr = 1%/5
o
e
b. The average velocity is the slope of the line, including the sign, so it is -0.3 m/s or 0.3 m/s north,
Figure 21

a. What is the ship’s average speed?
b. What is its average velocity?



anslad) o) 8 ds-lowd) Zaal) a5, sl SIL o

. Describe, in words, the cruise ship’s motion in the previous problem.

SOLUTION:

The ship is moving north at a speed of 0.3 m/s.

The ship's direction of motion and its speed describe the ship's velocity.

What is the average velocity of an object that moves from 6.5 cm to 3.7 cm relative to the origin in 2.3 s?

SOLUTION:

V_AX a—ﬁrs-dlgzudfcep_qdun_dyu_;)_my_,;r.j 28
T At 235 s Ja¥) ddaw J) aewdl 3.7 cm J) 6.5 cm
X, — M,

T -
3. 7cm—-6.5cm
~ 23s-0s

=-1.2cml/s



. The graph in Figure 22 represents the motion of a bicycle.

Position v. Time axlys aS,> 22 JSLD) b o)lsl) L) e ) e IRTY

20 Savyul) aS s acwlal) dlawgald | ae ) 313 oS .2
p—
= 15 Taslyudl 45,5 agoaed) alaugigd) de ) 3215 oS b
— —
.-E-' a. What is the bicycle®s average speed
S 10 )
£ ° =
0 o , — I,
5 10 15 20 25 30 e B
3 J TS Mmin—0 min
Figure 29 TIITIE {mln} = 0.7 km/min
b. VW hat is its average velocity >
a. What 1s the bicycle’s average speed i _Ct’_-7 Kg}/mi? in the
.. . ositive irection
b. What is its average velocity? =
. Describe, in words, the bicycle’s motion in the previous problem. 3 1
SOLUTION: Al dlal & )l & p Ll G

The bicyele is moving in the positive direction at a speed of 0.7 Kkm/min.

This is the description of the bicycle's velocity.



CHALLENGE When Marshall takes his pet dog for a walk, the dog walks at a very consistent pace of
0.55 m/s. Draw a motion diagram and a position-time graph to represent Marshall’s dog walking the 19.8-
m distance from in front of his house to the nearest stop sign.

SOLUTION:
Motion Diagram
tg=0.0s tg = 0.36 s
® ® e © e o @
0.0 m 19.8 m

House Hydrant

Position-Time Graph

20.0;
15.0 |
10.0

Position from
house (m)

5.0 ¢

& 12 18 24 30 36
Time (s)

0.55 M/S La lane anlh ac ,uw axlys callal gasad! .

235al) imia) Lk Lewys aS,onl) Lomenss Unlases o
19.8m aslacy) asl,ud) oS> Lgad sl oo jdl-



When the line of best fit is a straight line, as in Figure 15, there is a
linear relationship between the variables. In a linear relationship, the

dependent variable varies linearly with the independent variable. The
relationship can be written as the following equation.

LINEAR RELATIONSHIP BETWEEN TWO VARIABLES Y= mx-+ b

Sls e 15 S 2 S LS Laias Uas anllas Jad¥ lasdl 85 Leace
aJl)) Asladd) JS5 L8 anda)l lS S Jaiwd) aize)

y=mx+bm,.._1...._,--- (e Aecdase] 48 5a))



Equation of

Motion

6— Depending on the (position - time) graph for an object, what is its average velocxty?

+ 2.0 m/s
— 2.0 m/s
+ 3.0 /s
— 3.0 /s

aaaa

12.0

(m) gl

>

=

00 1.0 20
(s) &5

et - —— T )

3.0 4.0

xf = X; + vAt

xf=xi+vt
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—_120
B 9.0 =
=t 6.0 = =
S 30—+
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¢ 2050 48licall La
xfg=3+(2)(20) = 43m
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2.6 A car travels ar 22.0 m/s north for 30.0 min and then reverses
direction and travels at 28.0 mv/s for 15.0 min. Whart is the car’s total
displacement?

a) 144x10°m b)) 648=10°mMm ) 396=x10°m d) 9298=x10°m

laalf) e 4 F00 mMin aal Wes 22.0 M8 de jun Syl jaud 2.0
SaLled) a>135) Jle>) L (15.0 Min a4l 28.0 M/s ac v osslas

396x10° m (¢ 6.48x10“m (b 1.44x10* m (a
9298 x10%* m (d

Axq = vyt; = 22.0x 30.0 X 60 = 3.96 X 10*m Ylus
Ax; = Vyt; = 28.0 X 15.0 X 60 = 2.52 X 10*m Lsis

Ax = Axq + Axy = (+3.96 x 10%) + (—2.52 x 10*) = —1.44 x 10*m



Section 2.3

2.31 Running on a 50-m by 40-m rectangular track, you complete

one lap in 100 s. What is your average velocity for the lap?

40 m
l _40+40+50+50_

At 100 =1.8m/s

ihs mi.40m350ma;@im)mggmmg 2.31
Sagal) ddagel) dgall de ) Lo 100 S 0jud ) § sasg

start/finish
A

50 m




2.32 An electoronn mowves in the positive x—-direcrion a distance of 2.42 m
in 291 = 10° s, bounces off a moving proton, and then mowves in the
opposite direcrion a distance of 1.69 m in 3.43 x 10 ° s.

a) Whart is the average velocioy of the electron over the entire time interwval?

b)) Whart is the average speed of the electron over the enrtire time interval?

291x10° 5 0,43 05 3 2.42 M a3Lus cazol) Xol$) § 5580 oz 2.32
sal 169 m asli. UM-Sl—’-l‘ aL‘;Yl L_g d.],.:dg pS\_‘l):C...o 190 o P.L]:;..an..j
343x10%s

SalSIl das3l aal) JIs s AU ddawgall agail) de pal) L Lo (a

S JalSIl daojl sal) JMs oa,aSI adawgil) ae 0l L (@

Ax +2.42 —1.69 fe—— d ——

D= — = =1.15 x 107
@ V= A T 291 x 105 1 (3.43 x 109 i
—-
. ———————
l 12.42 +1.69
b) D = = 6.48 x 107m/s le— d, —1

At (2.91x10°8) + (3.43 x 10-9)
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9- Depending on the graph for an object motion , what 1s the velocity | of the object
between (2.0s)to (3.0)?

W 45‘);\.1 gl Al augll o lalaie) -9
_.:: / “(‘g'(&s)u-"l(ll]s)u.ay.uﬂldhyw\ iy la
Val k= ©
?m 7((_:.20 H=te 0.0m/sC O
%' 15 Ax Xf X; +10 m/sQ .
0 V= 15m/s° 0
- 6.0 At tf — tism/
+5.0m/s© 0
20—-10
V= v =10m/s

3 &




Instantaneous velocity
el lda e wlall Ja=t ojuie ddaell de !
2.3 petlal) 42> o

V1 = — ;’b)L,..uk:gi.cJ_..J‘s‘:LgubH
At~ t, —t4

adast) ae (b

as)3¥) daugzs (C
(<) adas U as1;3) (d
Concept Check 2.3

The speedometer in your car shows
a) average speed.

b) instantaneous speed.

¢) average displacement.

¢ s100) g z-gauall goall de sl d) instantaneous displacement.
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