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Uniform and nonuniform motion:

Section 3.1

An object’s motion can be uniform or nonuniform,
Nonuniform motion means that the object is experiencing a change in its velocity

acceleration

Mr.Eslam Salem Fltwanh Sl Grade 9 - 2027-2026

EEEE L

v v IV IV IV

K&K K &

o oo oXe o
Uniform motion nonuniform motion nonuniform motion
Object moving at Object accelerating Object decelerating
constant speed
I Velocity time graphs
. To visualize the change in velocity of an object, we canuse velocity-time graphs.
. We plot time on the x-axis and velocity on the y-axis,
velocity (mys) veloc ity (mJ/s) v ty ( )
R 4 E
Time (s)
W ®» % @ w W ® &% I 5B B
b Time |5) 1 ! 1 Tire (1)
-y J w 9 ' -

How much is the velocity of the
object at

1. t=10s

2. t=20s

3. t=30s

What can you say about the
velocity of the object ?

" A ¥ R

Is the object moving right or left
? Why?

How much is the velocity of the
object at

1. t=10s

2. t=20s

3. t=30s

What can you say about the
velocity of the object ?

Is the object movmg right or left
? Why?

“How much is the velocity of the
object at
¥ t=10%s

2. t=20s

3. t=30s

What can you say about the
velocity of the object ?

Is Is the object moving right or
left ? Why?
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m Veloc |Ty —fime Rmph

"

.

object at

4. t=10s
5. t=20s
6. t=30s

velocity of the object ?

? Why?

i How much is the velocity of the

Time (s} Time {s) i
® ® % o = D
| i ‘]
Time (3) '3
S ] 3
1 -~
o
i How much is the velocity of the ; How much is the velocity of the
object at ! object at

y & t=10s 10, t=10s

8. t=20s 11, t=20s

9. t=30s 12, t=30s

What can you'say about the

| 1s the object moving right or left

What can you say about the
velocity of the object ?

What can you say about the
velocity of the object ?

Is the object moving right or left
? Why?

Is Is the object moving right or
left ? Why?
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Velocity ~time graph
Which object is speeding up and which is slowhg down? ¥

(L]

W

i »n
’ 1 R B -é

™ Olwet

08

4% 4 Otz
Describe what is happening to a car’s velocity and direction of V7% M Velocity (m/s))
motion for the following velocity time graph ey

j) S 4
5 % PV
Describe what is happemng to a car’s velocity and dlrectlon of wwiodty l»lvfm‘}
motion forthefollowing velocity time graph i { K144
) n . ' ‘
é Describe what is happening to a car's veloclty and direction of L= v ) velocity [m/sl)
§.. | motion for the following velochy time graph 8 ' d
b )r' )
49 ,/ Tieme {44

1007 s 1431 s 2l

el bl A AD S
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Velocity —time graph | 2
Which object is speeding up and which is slowing down? o I

i
el bl B DL Sle

Describe what is happening to a car‘s'_\}eiocity and - '
direction of motion for the following velocity time i

graph
(0-2)s=> : ~ ' g

(2-3)s=>
(3-5)s> , 012345678910
(5-6)s ‘ Figure 8 Time (s)

(6-7)s~>
(7-8)s =2
(8-10)s>

' acceleration
Acceleration (a)(m /s?)_:the rate of change of an object’s

velocity. * fthe velocity and acceleration are in the
Aw v — v, vy the final velivicy same direction (both positive or both
RN\ A= b=t o the initial oglaRty negative) , the object is accelerating.

. Acceleration is equal to the slope in the velocity ~time
graph. :
: ® If the velocity and acceleration are
opposite In direction(on positive and the
other negative), the object is decelerating.

An athlete runs east of the startifi?g line (the origin). She runs at a vel,o"clty.iof'?» m/s, then speeds up to a
velocity of 5 m/s in the opposi_fe-dir_gction. What is her average acceleration if the time interval is 20 s?

" R ¢ IvCRe

A swimmer swims 2.5 m/s in an Olympic swimming pool. Si\e pushes off the side of the pool and swims at
2.5 m/s in the opposite direction. What is her acceleration during this 20.0 s time interval?

A race horse coming out of the gate accelerates from rest to a velocity of 15.0 m/s due west in 1.80s. What
is its average acceleration?

0565810072
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. acceleration

ahmad was running toward the football field with'the_ speed of
v; = 4.50m/s . He felt he had time so he started to slow down, and he reached the speed of v =

0.95m/s after 10 seconds.
What is the magnitude of his average acceferaﬂon during this 10 s time interval?

(| 35.5 m/s”
Q 0.712m/s? {
Q 0.355 m/s? y WU
0 1.8 m/s?

el bl A AD S

EXAMPLE Problem 2 :

ACCELERATION Describe a ball's motion as it rolls up a sianted driveway,
It starts at 2.50 m/s, slows down for 5.00 s, stops for an instant, and then rolis A

back down. The positive direction is chosen 1o be up the driveway. The origin e
is where the motion begins. What are the sign and the magnitude of the ball's «
acceleration as it rolls up the driveway?
f Begn
) tnd <
v \ a
Acceleration is equal to the slope in the velocity ~time graph
What is the average acceleration during the whole 8 [ O '
seconds time mterval ? { ~ -
L WY o inioshhboetootebbbs .
E » {
I:
o |
o |
0 i
a 2 4 . "

Which of the following is correct about interval DE?

Q a=o0m/s?

Q a=-2m/s?

Q a=-4m/s? \
Q v=0m/s "

" e ¢ IR

0565810072 e W) A il
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" acceleration

What is the average acceleration in the time interval from 2 to
4 seconds ? A

Velocity v, Time
200 ‘
' | \ %
iuo 1 ‘
no vy
1
40 t —-— {
| ||
o 100 200 300 400 %00
L

3. Refer to Figure 9 10 find the average acceleration of the train during the 120
following time intervals, 0.0
8 00510505 b 1505102005 ¢ 003104005 i a0 _ﬁ
‘ 60
; 5
20
) e 100 200 300 400
igure 9 Time (s)
2. Use the v+t graph of the toy train in Figure 9 to answer these questions.
. When is the train’s speed constant?
b. During which time interval is the train's acceleration positive?
€. When is the train's acceleration most negative?
which car has the highest acceleration ?-
X =1
I -
Tw
40 e
g 30 / .
20 4
"+
. o 1 2 L]
Time (s)

0565810072
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An athlete runs along a track. What is the average
acceleration of the athlete between 7 and 9 seconds?

" -

Vietsatty (mvw)
" - e eeme wee.
.
.
.
—

3
. RP F U TP

el k) B Dy S

Time ()
We found out that in a velocity time: g b I
graph : /“ i m"-..
* an incline means positive accelepation o g {
* Adecdline means negative ] a
acceleration
A Fape ) Time iv)
* The steeper the lipe, the greater the 5 = ® =
acceleration 1
Direction of acceleration
-—.:: o G
® If the velocity and acceleration are in the : ¥ - 3
same direction (both positive or both
negative) , the object is accelerating.
tna
* " If the velocity and acceleration are . e o oo
opposite in direction (one positive and
the other negative), the object is —
decelerating. S P«
- . - ..
DON'T forget!: Direction of motion always ey
same as direction of velocity . . e
Position and Velocity time hs for different types of motion
S. AN o s e
j? ® el - Acpuil iaio ey - pagal Liaie
i’ p __ o [T
“J--—l“ - .ﬁ Lol Sy s Mlnat by
- Adlprny v mat o - - —e = aulpray e et o

ALl As jem

S P s b (RN A8 Spey
ol s el sl +

irgy il Sundh -
-y eE——TE—
Mls atly e e St - e aver imtingl
bl it Mt i - —e !
e wmbliiag wevpe Juak « oo
o ey -
AP W s
o P B . D i -~ " e ——— ——e—
e -t sateot
———— - — -
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instantaneous acceleration (a) (m/s?): is the acceleration at a specific instant of time on the graph. It is denoted

Mr.Eslam Salem Fltwanh Sl Grade 9 - 2027-2026

Instantaneous acceleration

—

by a.

ﬁ

what is the instantaneous acceleration @ att =4 s?

13, draw a tangent to the point mentioned on the
curve,

14, calculate the slope of the tangent.

15. The slope of the tapgent is the instantaneous

acceleration

el k) B Dy S

5. A race car’s forward velocity increases from
4.0 m/s to 36 m/s over a 4.0-s time interval. What
is its average acceleration?

6. The race car in the previous problem slows
from 36 m/s to 15 m/s over 3.0 s. What is its
average acceleration?

7. A bus is moving west at 25 m/s when the driver
steps on the brakes and brings the bus to a stop
in 3.0 s, a. What is the average acceleration of the
bus while braking? b. If the bus took twice as long
to stop, how would the acceleration compare with
what you found in part a?

8. A car is coasting backward downhill at a speed
of 3.0 m/s when the driver gets the engine started.
After 2.5 s, the car is moving uphill at 4.5 m/s. If
uphill is chosen as the positi\)e direction, what is
the car’s average acceleration?

12. Two joggers run at a constant velocity of 7.5 m/s
east. Figure 10 shows the positions of both joggers at
time t = 0. a. What would be the difference(s) in the
position-time graphs of their motion? b. What would
be the difference(s) in their velocity-time graphs?

2

A
.
15 m cast

Origin

v

tis)

0565810072
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Section 3.2 motion with constant acceleration
Constant acceleration

. The velocity increases by 5 m/s every secohd . The velocity decreases by 5 m/s every second

*  This increase is constant ( A3 53 1) . This decrease is constant ( < (ailll),

. The acceleration is constant . The acceleration is constant

o— L2 - o - ;
e o - 0 L L 2 " . .
Va0 V=5  ya3p  VelS V20 V=20 VS Vel ves Ve
*  Motion with constant acceleration: a type of motion where the object ~
experiences a constant increase or decrease in its velocity o .ol o i

+  Foran object moving with a constant acceleration to the right,, the position
time graph looks like a curve , while the velocity time graph is an incline

’ | '
w . | » ‘/. |
® | - {
P |
‘g = | _E, = /./ |
i » . ; " .
= | L /
w - | s _/‘/ |
, 1 L/ |
g § ' H ) i '3 1 : b i
Time (s} Time (s)
I Area
!
| rectangle
triangle
i a+
area s ~0bpse x height area = length x width areyg = h x

-

| Displacement from.a velocity time graph
To find the displacement from a velocity time graph , we velocity (m/s)

" A ¢ R

find the area under the curve
o <
Example : .
What is the displacement of the object during the first 20
s of its motion? 0 < /
|
: '
: Time (s)
0 2 % 4 0
-1

- 0565810072 —— - sl ales i)
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Displacement from a velocity time graph R
20. The graph describes the motion of two bicyclists, Akiko and

60
Brian, who start from rest and travel north, increasing their speed i
with a constant acceleration. What was the total displacement of B A
each bicyclist during the time shown for each?. g 0 /,./
o0
Figure 13

g
B
plo bl B ARl Sl

21, The motion of Carlos is described by the velocity time graph. 30 ]
What is the total displacement during the first 4.0 s interval?

]
10 20 30 40 S0
Time (s)

Velocity (m/s)
e &

34 Calovlate the total duplacement of Rashid from (08) o (28 1)

Ax = x5 — Xy

l Motion with constant acceleration equations
When the acceleration is constant , 3 equations can be used to solve for different unknowns
- T R T T
Ve = Vi + alt Final velocity kel 46 > Vi m/s, km/h
Initial velocity WG i )0 v m/s, km/h

V,z - Vtz + 2alx ‘ acceleration g A a m/s?
Time interval 4k i At s .min
displacement &l VI Ax em.m.km

Ax = VAt +§aAt2 Initial position LS byt x cm.m, km

Final position i b Xy em,m, km

" e ¥ YR

To solve problems :
16. Write the knowns and unknowns in symbols , sketch the problem.
17. Make sure the units are unified. (one unit for distance and one unit for time)
18. Choose the suitable equation
»  The equation must have the unknown
»  The other quantities in the equation must be known.
19. Substitute and solve for the unknown.

0565810072
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Motion with constant acceleration equations

example : if you have this list of knowns, whjdré’nuation will you use to V, =V, + alt
find the unknown?
Knowns: V[z = Vl'z + 2alx i

V,=0m/s 1
a=2m/s?

At =103 Ax = VAt +§¢Afz g
Unknown; %
V, =7 3

Y
Knowns: Ve =V, +alt

V,=0m/s
a=2m/s* 2 _yp2

Ax=12m V, V‘ 4+ 2aAx

1
Unknown: Ax=V,At+ i-ad»t2
V, =7 .
Knowns: Vi =V, +alt

Vi=—-1m/s

At =S58 2 _y2
a=—2mR V,—V, + 2alx

1
Unknown: Ax =V, At + iaAt’
Ax =7
Knowns: V=V, +ait

Vi=-1m/s

d= 05 mis? V, VE 4+ 2alx

1

Unknown: Ax =V /At + iaAt‘

Ax =7
16. A golf ball rolls up a hilltoﬁward a miniature-golf hole. Assume the - o o
direction toward the hole is positive. P
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 s? "

Knowns: N . —*
Unknown:

0565810072 e W) A il
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Motion with constant acceleration equations

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

Knowns:

Unknown:

17. A bus traveling 30.0 km/h‘éast has a constant increase in speed of mm m m
1.5 m/s* What is its velocity 6.8 s later?
Knowns:

Unknown:

18, If a car acc_e'lerats from rest at a constant rate of 5.5 m /sA.2 north, seealessalifensal ewa]
how long will it take for the car to reach a velocity of 28 m/s north? ' : ;
Knowns:.

19. A car slows from 22 m/s to 3.0 m/s at a constant rate of 2.1m/s* (===3) R
how many seconds are required before the car is traveling at a forward

velocity of 3.0 m/s?
Knowns:

Unknown:

EXAMPLE Problem 4

DISPLACEMENT An automobile starts at rest and accelerates at 3.5 m/s” after a traffic light turns

green. How far will it have gone when it is traveling at 25 m/s?
Bagin ena
b - _—
- — ———t @ A
v

moo» Gl Pts & » eotna
a
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Section 3: Free Fall

| Main ldea
The acceleration of an object in free fall is due to gravity alone.

-

el k) B Dy S

1 : 4 ;
K w | § L :
What | Know i What | Want to Find Out & What I Learned ;
i i
i | ! i
l Essential Questions
*  What is free-fall acceleration? How do objects in free fall move?
I Galileo’s Disgovery-and Free-Fall Acceleration : =
Go to your ConnectED resources to play 'f;:;:@ ::::':,. i
Animation: Acceleration Due to Gravity. - ‘ s

B Free-Fall' Acceleration
* *_Free fall is the motion of an object when gravity is the only signiticant torce acting on i.

* Theacceleration of an object due only to the effect of gravity is known as free-fall acceleration.

* Free-fall acceleration is represented by the symbol g. Near Earth’s surface, g = 9.80 m/s* downward.

- me
- : S
1O e—e v 102 mh /- Vow o
-z SL“ . » ' »

-

" A ¥ R

Complete the following statements about free-fall acceleration,

Free fall is the motion of an object when gravity.is the only significant force acting on it.
Galileo discovered that, neglecting the effect of air, all objects in free fall have the same acceleration.
Galileo’s results were verified in 1971, by an experiment done on the Moon.

Near Earth's surface, free-fall acceleration is about 9.8 m/s? downward.

. DS565B10072 . ) 33)) A 2Dl J
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Acceleration is the rate of change in an object’s velocity, and the acceleration of an object in free fall is
due to gravity alone.
47. MAINIDEA Suppose you hold a book in one h;nd and a flat sheet of paper in another hand. You drop

them both, and they fall to the ground. Explain why the falling book is a good example of free fall, but the
paper is not.

Free fall is the motion of an object when gravity is the only significant force on it. Air significantly affects
the paper but not the book.

48. Final Velocity Your sister drops your house keys
down to you from the second-floor window, as shown in
Figure 25. What is the velocity of the keys when you catch
them?

9.2 m/s downward

Figure 25

3

49. Free-Fall l_llde'. Suppose a free-fall ride at an aﬁws‘ement park starts at rest and is in free faﬂ. What is the
velocity of the ride after 2.3 s? How far do people on the ride fall during the 2.3-s time period?

Thepeople fall 26 m during the 2.3-s time period.

50. Maximum Height and Flight Time The free-fall acceleration on Mars is about one-third that on Earth.
Suppose you throw a ball upward with the same velocity on Mars as on Earth.-

a. How would the ball’s maximum height compare to that on Earth?

The maximum height would be three times higher on Mars.

b. How would its flight time compare?
Flight time is three times longer on Mars.

52. Critical Thinking A ball thrown vertically upward continues upward until it reaches a certain position,
and then falls downward. The ball’s velocity is instantaneously zero at that highest point. Is the ball
accelerating at that point? Devise an experiment to prove or disprove your answer.

Sample Answer: The ball is accelerating; its velocity is changing. Take a multiflash photo to measure its
position. From photos, calculate the ball’s velocity.
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pal) sladly £ Gl 5950y As el Ll
| decreases and acceleration is directed to the right
End
e Ol aladly lakally S0l g el y Agadiadl Ae .l
and acceleration remain constant in magnitude anc

N N " 0 both are directed to the right
Sl alandly g Al O 0S5y 9 Ae el A3

increases and acceleration is directed to the lef

{
!
3

Slel) alatly g Al Sy A el el
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(0.0) m/s? T(t=4.0s) 5 (t=2.0s) O a5l
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(+ 11) m/s? % § o
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(+ 5.0) m/s? i s /
0.0 Y [2
A 3 a
(+ 15) m/s? Time (8)
() =0

¢ e Bee 2S00 Sglaal S paed o L) -9

(455D (1.5 ) Oa L500 DA ) £ 4 W
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