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Relate the slope of a velocity time graph to the average acceleration of the object in motion

example 3 68

FINDING DISPLACEMENT FROM A VELOCITY-TIME GRAPH The velocity-time
graph at the right shows the motion of an airplane. Find the displacement of the
airplane for At = 1.0 s and for At = 2.0 5. Let the positive direction be forward.

2]
]

1 ANALYZE AMD SKETCH THE PROBLEM
- The displacement is the area under the w-t graph.

s 8

« The time intervals begin att = 0.0 5.

Velocity (m/s)
&

KNOWN UNKNOWN
¥=+75mis Ax=7? e

At=10s 72

At=20s o

2 SOLVE FOR THE UNKNOWN
Use the relationship among displacement, velocity, and time interval
to find Ax during At = 1.0 s.

Ax = vt
= (+75 m/s){1.0 s)
=+75m
Use the same relationship to find Ax during At = 2.0 s.
Ay = vt
= (+75 m/s)(2.0 s)
= +150 m

Substitute v = +75 m/s, At =1.0 s

Substitute v= +75 m/s, At = 2.0 s.

3 EVALUATE THE ANSWER
« Are the units correct? Displacement is measured in meters.

« Do the signs make sense? The positive sign agrees with the graph.

« Is the magnitude realistic? Moving a distance of about one football field per second is reasonable

for an airplane.
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‘ 2 -::E:; :::;1:‘::;:2 :'f :.Ettl::: ;?L:tinugi :h:t :inal velocity of an object to its initial velocity, problems 5,6 ‘ . ‘
5. A race car's forward velocity increases from 50 TVE 5, S agaall W e e e Kok i -5
4.0 m/s to 36 m/s over a 4.0-5 time interval. What Le 4.0 § ojlane ) Jold jlas Lle 36 M/s I
s its average acceleration? Capl! e e
6. The race car in the previous problem slows from e dmbad! Al 8 33yl Gl 5 jlew e Juz .0
36 m/s to 15 m/s over 3.0 s. What is its average Tlawsisl) lee b L2 .3.0 5 Js 1S M/s JI m/s 36
ACCe |.E.I- Eﬂun? Initial velocity (v;) = 36 m/s

Final velocity (v;) =15 m/s
Time interval (At)=30s

i,

vy

Acceleration (a) = —

N\
' 4

1om/s—36m /s
3.0s

https://t.me/for9advv

2lm/s
3.0s

Acceleration (a) =

Acceleration (a) =

Acceleration (a) = —7.0m/s?
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Use appropriate significant figures to record answers from a mathematical operation, with

. problem &
the correct number of digits

8. Significant Figures Solve the following

roblems, using the correct number of signifi- ; -
P ’ g 9 sl ¥ sae alasaul adll Blad) Js> dgaael! old,¥1 .12

cant figures each time. Bra JS D pumal) dpgiad)
a.10.8 g-8.264 g 139 cm x 2.3 cm .a
b. 475 m - 0.4168 m 13.78g /1.3 mL .b
c.139 cm X 2.3 ¢cm 6.20lcm+74cm+ 068 m+120cm .c

d. 1378 g/ 1N.3 mL
e. 1.6 km+ 1.62 m + 1200 cm

.6 has two significant figures, 1.62 has three significant figures, and
1200 has three significant figures (since trailing zeros in a whole
number are significant). Therefore, the result should have two
significant figures: 2800 m2800m.

13
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Differentiate between distance travelled and displacement figure 10 37

ple 3 cilgamial u daliseay b5 phel Lo i go do g algonngd) g

Figure 10 You can use a diagram or an equation to combine vector COLOR CONVENTION byl A B glisis dablidl Spally golaclly dyaill dcad] S 3 Ly alysal)
Analyze What is the sum of @ vector 12 m north and a . th?  Displacement (x) Ot Dpdinia fpert Jhop i) arcall e i O B g) Dpdas Epene
pard Malae ) Ly g5 10 JS2N iy oy b ey sy sl B Sl g baS 10 55 nayy alaasg]!
Example of Vector Addition Sl Loy fndap B Slpaial paa 203 plaiiw il
A g HLt 12 M s wpis ppera L
- B :
Origin 5 km east 2 km east e e
e : . R=A+8 R=A+8 - -‘
=5km + 2 km = T km east
- =T km - )| [
Resultant R 5 = : ‘J.
7 km east . : J"*_:‘
L2 2 km L,z 5km
R=A+8 R=A+B - e
= 5km + 2 km = G, THM
=7 km
G,k 7 Rmoilas 0
Examples of Vector Subtraction
A
Origin 4 km east _ = &
.q k=4—§ =A—-8 SN ECIN [ RN g | L9
=4km— = =
_g km — 6 km A+ (-8B A sete
=—2km = 2 km west =
B km west R Gk 4 km Ja¥!
. =4+ R=A+B —_—
Resultant R 2 km west =—A+8 = =4 km + & km 8
= Zkmih, 2 =+ 2 km Ty
B Lo 2Kkm ilas
i 7 km east
Origin F=4—8 R=A-B 15 P'Tl<rn . '-I
=Tkm—4km =4+ (- o La¥
-8 =3im =3kmlm§3 R=A+8 R=A+8
4 kom west =—A+8 =—Fkm+ 4 km a
Bosadbant B 3 Lo ans . =Fkml,i = 3 km b,z 4km
L,z R 3km ilas)
\ J
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Apply the equation of motion, (xf = vavgt + xi) or (xf - xi = vavgt), in numerical problems to
calculate the position or other physical quantities

POSITION The figure shows a motorcyclist traveling east along a straight road. After passing point B, the [

exmple 4

4 Jes

cyclist continues to travel at an average velocity of 12 m/s east and arrives at point C 3.0 s later. What

is the position of point C?

1 ANALYZE THE PROBLEM
Choose a coordinate system with the origin at A.

KNOWN UNKNOWN
v =12 m/s east x=7 I I |

= A 8 c bt 46m=
X = 46 m east ———» x;=46 meast e=,,'d -
t=30s x=7

2 SOLVE FOR THE UNKNOWN

x=vit+ X Use magnitudes for the calculations

= (12 m/s)3.0 5) + 46 m Substitute v =12 m/s, t =30 s, and x = 46m

=82m

x = B2 m east

3 EVALUATE THE ANSWER
Are the units correct? Position is measured in meters.

Does the direction make sense? The motorcyclist is traveling east the entire time.

et B Ml e s dias Guds Jads e Bk e Mol Lalia gle JSA0 paw gdpad!
U0 ¥ phs Lo 30 5 s sy € lanall ) agy Gt T2 S Mlagis da ey ! 3 5l

HIBW WY - |
A i ¥ dlaw 5p8 Sooey U] Gl e
Jpad! palaslt
z=T7 bt B=12m's
Gt dy = 46 m
r=30s
dseansll sl H
xu T+ X
aF aslia PRy - = (12 m/sH3.0 5} « 46 m
12 m/ss > =82 m

ol Jighs Bk dyglidl dad pull 38l ey TAIYS aled i L

Laxz=B2m

PRI T -

el pipalt iy Vimema iyl Ja ®
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‘ ‘

Classify physical quantities into vector and scalar guantities (distance, mass, displacement,

) - as mentioned in the book
speed, velocity, acceleration, force, work, energy, pressure)

Vectors and Scalars

As you might imagine, there are many kinds of measurements and numbers used to represent or
describe motion. If vou needed to describe how far you ran, vou might say that you ran 1.6 km. If

you needed to run to a specific location, you might say that vou need to run 1.6 km north. Many
quantities in physics have both size, also called magnitude, and direction. A quantity that has
both magnitude and direction is called a vector. You can represent a vector with an arrow. The

length of the arrow represents the magnitude of the vector, and the direction of the arrow
represents the direction of the vector. A quantity that is just a number without any direction,
such as distance, time, or temperature, is called a scalar. In this textbook, we will use boldface
letters to represent vector quantities and regular letters to represent scalars.
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Apply the alternative equation of motion relating an object's final velocity to its initial velocity, its constant aceleration,

and its initial and final positions (v2f = v2i + 2a(xf - xi))

problem 16

67

16. A golf ball rolls up a hill toward a miniature-golf
hole. Assume the direction toward the hole is
positive.

a. If the golf ball starts with a speed of 2.0 m/s
and slows at a constant rate of 0.50 m/s?, what
Is its velocity after 2.0 57

b. What is the golf ball’s velocity if the constant
acceleration continues for 6.0 57

c. Describe the motion of the golf ball in words

and with a motion diagram.

S S P .i_,.a;-g._'luJ.:.l_,.i.t_i".'.p.ahﬂgq- .':_,I_";n._‘.l_._1-.i:- 6
Y :'|_|,.::|_'|-J|j,.;|-|_||:||_'hl'.il.| .\_JI '.__p:i‘,.'._r_l

p 20 MAS e oy LS, calgad! 5,5 calay 13

lie e Al o35 .0.50 M/S2 jly ool Joaw cunassl

?E.Dﬁ_u._:i.dq-_'-.#'

Foball al 13 algaed) & 3) dgauc ) iz il L D
©5.0 5 5 ) 20

doboio sy 2bLdS e pe walgasdl 5.5 A5 o diea .C
a5l

Answer:
a)lm/s
b) -1m/s
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Define a coordinate system and identify the origin, position, and distance in a coordinate
system

figure 9

x5 Figure 9 The w
pasitions. The

tors x and x represani
esents

i - displace
nt from

4 ! ? Ax ?

i k| L] (13 L
I3 P & & Pl A

2 =y ey oy

o 5 10 15 20 25 30

meters

Figure % shows the position of the runner at both the cactus and the lamppost. Notice that you
can draw an arrow from the origin to the location of the runner in each case. These arrows have
magnitude and direction. In common speech, a position refers to a certain place, but in physics,
the definition of a position is more precise. A position is a vector with the arrow’s tail at the
origin of a coordinate system and the arrow’s tip at the place.

You can use the symbol x to represent position vectors mathematically. In Figure 9, the symbaol x
represents the position at the cactus, and the symbol x, represents the position at the lamppost.
The symbal Ax represents the change in position from the cactus to the lamppost. Because a
change in position is described and analyzed so often in physics, it has a special name. In

physics, a change in position is called a displacement. Because displacement has both magnitude
and direction, it is a vector.

What was the runner’s displacement when she ran from the cactus to the lamppost? By looking
at Figure 9, you can see that this displacement is 20 m to the right. Notice also, that the
displacement from the cactus to the lamppost (Ax) equals the position at the lamppost (x,) minus

the position at the cactus (x). This is true in general; displacement equals final position minus
initial position.
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10 Define and calculate the average acceleration problem 12 B4

‘it ] = Agamigl! & lg st Wl — Fil : :
12. Position-Time and Velocity-Time Graphs o2 5 : ey T ERI Sy ) W

g 2 laka B dgsce 3 L wET
Two joggers run at a constant velocity of B2 7.0 M/S Lajlane 358 dyanie dcpun gliaS olelie

= _ Slaall CoA|
7.5 m/s east. Figure 10 shows the positions of E=0 ga) e galas) ¢ 215a 10 Cas
both joggers at time t = 0. goll — adsedl gy B 3gmge) lnulaMaa¥)) 332 Y) Lo .8
a. What would be the difference(s) in the (PWLLYE - BTN
position-time graphs of their motion? igraad) dic padl Cilagas; A seraed) (b)) 33EsY) L b
b. What would be the difference(s) in their Tt dalsd! a3l -
velocity-time graphs? 8yl
East ‘ﬁ
—
ﬁ .
! | d
‘| I I . .I o 1 : t
I5 m west Origin 15 m east G,£ 15m Ja ¥ alaz La 5 15m
Figure 10 10 s

A. The difference(s) is that there are in different positions

B. They started at the same time.
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11 Recognize uniform or non-uniform motion from a motion diagram or a particle model figure 2 57

Particle model gram What does a particle model motion

diagram look like for an object with changing velocity? Figure 2 shows

particle model motion diagrams below the motion diagrams of the jogger ‘%:‘% :ﬁ & ‘%

when she is speeding up and dowing down. There ane bwo major

indicators of the change in velocity in this form of the motion disgram. 31 ;‘; 3‘; ‘31 'i.
; - P

ences im the kengths of

oA P iy i ) Gabaie e BaaiP Uik N geiaP L el b el s

N — g o i i e it byl Nea Yy, el
scity. 1Fan object speeds CE ] * - To i it i L5 e A
each subsequent velocity vector is longer, and the spacing between o s 4 s a8 AN el s e i ) L
dots increases. If te object slows down, each, vector Is shorter than the T T

provious one, and the spacing between dots decreases, Both types of

modion diagrams indicate how an obgect’s velocity is changing, 5@ f & fﬁ
E’ Get It?

Analyze What do increasing and decreasing lengths of walocity

vectors indicate on a motion diagram? . . CE

Displaying acceleration on a motion diagram Forame
diagram to give a full picture of an object’s movement, it should contain

information about the rabe st which the object’s veloaly is changing. The
rabe at which an ebject’s velocity changes is called the scceleration of the

object. By including acocleration vectors on a motion disgram, vou can

indscate the rabe of change for the velocity.

Figure 3 shows a particle sct with incres . Motice that the

miotion diagram for an

i)

kengths of the red velocity vectors get longer from ledt to right along the disgram. The lgure also
ram b deaw an aco

ibes how Bo use he ¢ leration veclhos for the smotson, The acceleradion

wector that describes the increasing velocity is shown in violket on the disgram.

in the figure that if the pet's el

wbion b constant, vou can ded

sction of an acceleration vector by sublracting bwio consecutive velocily vechors and dividing by
rrval. That is, first find the change in velocity, Av = p, v, + (—n), whe v
o refer to the velocities at the beginning and the end of the chasen tr erval, Then divide by

the time interval (Af). The time interval between each dot in Figure 3 is 1 5. You can draw the

ascoeleration vector from the

ail of the final velocity vector to the tip of the initial velodity vectos

Finding Acceleration Vectors

Acceleration (@] —— ole!
L Velocity (v —e 10
L] L]

o Fne 3 o contan s

[rorgady
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Calculate the displacement as the area under the curve of a velocity-time graph problem 2 62

2. Use the v-t graph of the toy train in Figure 9 to answer these questions.

a. When is the train’s speed constant?
b. During which time interval is the train’s acceleration positive?

c. When is the train’s acceleration most negative?

SOLUTION:

a. 5.0 to 15.0 s
b. 0.0 to 5.0 s

c. 15.0 to 20.0 s

ANSWER:

a. 5.0 to 15.0 s
b. 0.0 to 5.0 s

c. 15.0 to 20.0 s

gsi//t.mejrorgaavy
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13

Classify physical quantities into vector and scalar quantities (distance, mass, displacement,

ntioned in the book
speed, velocity, acceleration, force, work, energy, pressure) as mentioned in the

L f o o e o g ] i [ g
W, - Sy 1 -
Jectors and Scalars

As you might imagine, there are many kinds of measurements and numbers used to represent or

describe motion. If you needed to describe how far you ran, you might say that vou ran 1.6 km. If
vou needed to run to a specific location, vou might say that vou need to run 1.6 km north. Many
quantities in physics have both size, also called magnitude, and direction. A quantity that has

both magnitude and direction is called a vector. You can represent a vector with an arrow. The
length of the arrow represents the magnitude of the vector, and the direction of the arrow
represents the direction of the vector. A quantity that is just a number without any direction,
such as distance, time, or temperature, is called a scalar. In this textbook, we will use boldface

letters to represent vector quantities and regular letters to represent scalars.
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14

Interpret the velocity-time graph for a single or multiple objects in motion

figure 6

@Get It?

Identify What can you conclude about the
acceleration of an object if the graph of its
motion is a straight line on a velocity-time
graph?

The graph shows that the slope is 5.00 (m/s)/s, which is
often written as 5.00 my/'s?. Consider the time interval
between 4.00 s and 5.00 s. At 4.00 s, the car's velocity
was 20.0 my/s in the positive direction. At 5.00 s, the car
was traveling at 25.0 m/s in the same direction. Thus, in
1.00 s, the car’s velocity increased by 5.0 my/s in the
puositive direction. When the velocity of an object

changes at a constant rate, it has a constant acceleration.

Reading velocity-time graphs The motions of
five runners are shown in Figure 6. Assume that the
positive direction is east. The slopes of Graphs A and E
are zero. Thus, the accelerations are zero. Both graphs

. show motion at a constant velocity=Graph A to the east
i and Graph E to the west. Graph B shows motion with a

positive velocity eastward. Its slope indicates a constant,
positive acceleration. You can infer that the speed
increases because velocity and acceleration are positive.
Graph C has a negative slope, It shows motion that

i begins with a positive velocity, slows down, and then

stops. This means the acceleration and the velocity are
in opposite directions. The point at which Graphs C
and B cross shows that the runners” velocities are equal
at that time. It does not, however, identify their
positions.

Velocity (mis)

g any twa points on the ing

Runners' Motion Graph

East

A
c B

_‘-—,-—E__‘-—‘

1]

/”" Time (s)
E
West

Otlie apsnd (el — gl de ) iocs

ad

(5} at

Imy/s) agoall de )
=1
()
L=

ol

b e b e m g aladlS §ot)) s pla & JSSI
Aallap A0V gpeaal! a3 dmid! S 13) g S gl el
Wik dniel U5 L) Gmgen §heitdl iy - ppimall sl Jmi 05 15
¥ 3Bl Badl 1S 1) Ll g slatl el - plodl a1 e e
Le gy Sl dyanie e s ) ASYT dasel) iy bl e 11 Lo
el ]

63 sl =1 push

Joss pssll goiyl) de ol i5 Lidie s pel) alsd)
ol il ady i

NLEN PR VTSP PECH] I PRI ) ppree i A
alail B gl 3laa¥ o a ab L iasdl i) S e 6
oy Vs (Bl (A) Sl ftasd) s gabes )
Uerled! Gpdacdl NS pag e .évl-—u Lagin U5 gl ole
haally B3 weny DA Jhisl) — 0B dgoty de oy a5,=0)
iy 35 spey (B AL daidl pigy LS i ansy (E)
SN P - | Y RPN YA TS PR
Ealally dgamiad| Ae sl 5F alag e ) )l el
Sl a8 ) pmseg e Jea &l (G dasdl g ) oliags
galaall 5l lia [EEVYPRIIS FCJRUN LIS WPONS SIEINE Py P
) alanal piagy - eaSlans ealed] 3 el de ol
aalasll le gl (Bl 1C) Lol las) esee plalas,
sasd ¥ iland) ada o8y el 2l e dglac dgaa)
maailys

o) sl b Lt @St ) (D) ol dasdl Lty
Ll oy 8 D pem il ke s e s ddimlly sy
5 QL FITOQPUY NV {» ) T DOV [ [ JSUCSY TPV [N PR
.r.__.IA_J" dzg u__._._njLn_u _,__._-‘.L-p.zl Uﬁ E_:I_.Jls .',__1_-._.._:_,J| e el
L e B e
Aymiall de pal) s a3l CUS wa X ggoall g L)
el slagty amais sled¥l 3 gLy

3 ¥ ) e pled) dak) ploli s cies Sl e Sh
LICAPPY | [PPPEY | TP ] R

[t

| S g sty eyl e wonEsn

'

YFAMiL-



https://t.me/for9advv
https://t.me/for9advv

15

Define displacement :as the change in an uhjm:_t"s position as mentioned in the book
Define average velocity and average acceleration

44, 60

physics, a change in position is called a displacement. Because displacement has both magnitude

and direction, it is a vector.

‘ed and blue joggers. Average velocity is the ratio of an object’s change in position to the time

nterval during which the change occurred. If the object is in uniform motion, so that its speed

loes not change, then its average velocity is the slope of its position-time graph.

The average acceleration of an object is its change in velocity during some measurable time

LI F I B Y . 1 - n L f M a CEE L] - T I |

interval divided by that time interval. Average acceleration is measured in meters per second per

frorgaavy
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