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Chapter 1 Lecture
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This lecture will help you understand:

« Galileo's Concept of Inertia
* Mass—A Measure of Inertia
* Net Force

* TheEquilibriunyRule

» Support Force

* Dynamic Equilibrium

» The Force of Friction

» Speed and Velocity

* Acceleration —
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Galileo's Concept of Inertia
WS T onohion
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* ltalian scientist é\allleo demolished Aristotle's

assertions in early 1500s.

 In the absence of a force, objects once set in
motion tend to continue moving indefinitely. CGsevor)
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. Where is final position?
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Galileo's Concept of Inertia

* Legend of the Leaning
Tower of Pisa: )

+ Galileo showed that
dropped objects fal
to the ground at the
same time when air
resistance is negligible.




Galileo's Concept of Inertia

 Discovery:

* In the absence of friction, no force is
necessary to keep a horizontally moving
object moving.
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Galileo's Concept of Inertia

« Conclusion:

* The tendency of a moving body to keep
moving is natural—every material object
resists change inits state of motion. This
property of things to resist change is called
inertia.




Galileo's Concept of Inertia
CHECK YOUR NEIGHBOR

The use of inclined planes for Galileo's
experiments helped him to

A. eliminate the acceleration of free fall.
B. discover the concept of energy.

C. discover the property called inertia.
D. discover the concept of momentum.

Galileo's Concept of Inertia
CHECK YOUR ANSWER

The use of inclined planes for Galileo's
experiments helped him to

A. eliminate the acceleration of free fall.
B. discover the concept of energy.

C. discover the property called inertia.
D. discover the concept of momentum.

Explanation:

Note that inertia is'a property of @)t a

reason for the behavior of matter.
L e ——




Inertia: Additional Examples

*  When we flip a coin in a high speed car, we catch
the moving coin as we would if the car was at
rest. This happens because of the coin’s inertia
and its forward motion at the speed of the car.

+ Birds move from the tree branch vertically below
and catch the worm. If inertia is neglected this
would be impossible and the worm would be
swept far away with the moving earth. The actual
situation is that when the bird drops from the
branch its initial sideways motion remains
unchanged. It catches the worm quite unaffected
by the motion of its environment.

Inertia: Additional Examples

* Rapid deceleration is sensed by
the driver who is pushed forward
when the brakes are applied.

* The downward motion and
sudden stop of the hammer hand
tightens the hammer hand

A tablecloth is whipped from
beneath dishes sitting on a table,
leaving the dishes in their initial
state of rest.
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Mass—A Measure of Inertia

* The amount of inertia possessed by an object depends

on the amount of —the amount of material that
composes it—its mass:
greater Mass = greater inertia

smaller mass = smaller inertia

11

Mass—A Measure of Inertia

* Mass
* Quantity of matter in an object

« Measure of inertia or sluggishness that an
object exhibits in response to any effort made
to start it, stop it, or change its state of motion
in any way

12
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Mass—A Measure of Inertia

* Weight
*  Amount of gravitational pull on an object
* Proportional to mass

Twice the MASS = twice the Welg ht
Half the mass = half the weight

Weight = mass X acceleration of gravity
} verticony downesud ARy

: : 3 GroHioRoNOl QRIS
m: mass in l.<g Cmcp) A R s 1 vy
g: acceleration of gravity = 10 m/s?

Weight is a force and has units of Newton (N). Direction of weight is
downwards always.

%';]Q_m 8 —_]Ol\‘__ @
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A note on units

* Most physical quantities have units. It is necessary to indicate
the units used.

*  We use the international system of units (Sl-units). There are
three basic units in mechanics. In Sl-units these are:

* Length in meters (m)
* Mass in kilograms (kg)
* Time in seconds (s)
» Other physical quantities have derived units, for example:
* Speed in m/s,
- Acceleration in m/s?
« Forcein N (N = kg.m/s?)
+ Volume in m3

* One cannot mix different systems of units. It is
recommended to use Sl-units. Carry unit conversion when
necessary
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Example (including unit conversion)
N Snass (ry)
« Calculate the weight of a 200 gram object.

(Hint: check if the units are consistent and make proper unit conversion!)

- - OO0 = .
™M &Qo%mm ooy O o \;9

W= MxY = @.&)Q\O) = AN

 Calculate the mass of a man who weighs 600 N

e W 6OON

- = - 6@
3 2 k%
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Mass—A Measure of Inertia

* Mass versus volume:
. Mass involves how mu an object

. Volume involves how mu@n object

. DenS|ty Measureo compac ness

* Density is the measure of how much mass
occupies a given space < N

—

V
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Mass—A Measure of Inertia
CHECK YOUR NEIGHBOR

The concept of inertia mostly involves
A. mass.

B. weight.
C. volume.
D. density.

Mass—A Measure of Inertia
CHECK YOUR ANSWER

The concept of inertia mostly involves
A. mass.

B. weight.
C. volume.
D. density.

Explanation:

Anybody get this wrong? Check the title of this
slide! :-)



Mass—A Measure of Inertia

+ Kilogram
 standard unit of measurement for mass

« on Earth's surface, 1 kg of material weighs
10 newtons w= |x/d=1oN

- away from Earth : z L Kg
(on the Moon), Z

1 kg of material
weighs less than
10 newtons

19

Mass—A Measure of Inertia

Checkpoint ﬁﬂes

1. Does a 2 kg iron block have twice as much inertia as a
1 kg iron block? twice as much mass? Twice as much
Yes volume? Twice as much weight when weighed in the
same location?4es, more mass = more inepdon e

2. Does iron block have twice as much inertia as a
bunch of bananas? twice as much mass? Twice
as'much volume? Twice as much weight when
weighed in the same Jocation? JHQS g

3. Does the mass of a'batof gold vary with Iocatio#’?“\
No

20
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Mass—A Measure of Inertia
CHECK YOUR NEIGHBOR

The density of 1 kilogram of iron is
A. less on the Moon.

B. the same on the Moon.

C. greater on the Moon.

D. All of the above.

Mass—A Measure of Inertia
CHECK YOUR ANSWER

The density of 1 kilogram of iron is
A. less on the Moon.

B. the same on the Moon.

C. greater on the Moon.

D. All of the above.

Explanation:

Both mass and volume of 1 kilogram of iron is the
same everywhere, so density is the same
everywhere.

11
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Force — vecvor unN‘\‘rv Cmagh'\WQ + direcho

* Force: simply a push or a pull

* Results from an interaction between two
objects

 Units of force is Newton (N)
* Forces are vector quantities: They have

direction
« Some common forces: A N
1. Weight l
2. Support/Normal force z_v\_ _—
3. Friction force j
"%

A note on vector and scalar quantities

* Physical quantities are divided into two main
types:

1) Vector Quantities: quantities that have

magnitude and direction. (Velocity,
acceleration, force, weight, ...)

2) Scalar Quantities: quantities that have
magnitudes only. (Time, temperature, mass,
speed, work, energy, power...)

®

12



Net Force

* Net force

« combination of all forces that act on an object
* changes an object's motion

Frexr =< 4%
Net force =\ON

Applied forces
=‘=Q/ )

>

5N ‘@—»w:}

=

% rigy.
TFuek =—Y -<
‘2l °" = oW
F ey :\L]O'Y
-Z‘ —> 5N
= 5]\‘

> Sum d e ,V'éw._g]\x

25 3 Foet | Foya | Z\:a dierigns

Net Force

CHECK YOUR NEIGHBOR

A cart is pushed to the right with a force of 15 N
while being pulled to the left with a force of 20 N.

The net force on the cart is
A. 5 N to the left.

B. 5 N to the right.

C. 25 N to the left.

D. 25 N to the right.

26
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Net Force

CHECK YOUR ANSWER
A cart is pushed to the right with a force of 15 N

while being pulled to the left with a force of 20 N.

The net force on the cart is
A. 5N to the left.

2OMN
B. 5N to the right. rf"_[
C. 25 N to the left.
D. 25 N to the right.
Q0N ¥y SN -

@)

magniucies 1¢ NV, dilettion - Yo Are Vet

Example N\
31N rnght, IZN gy, 722 N
Tret” 431 3 47 ~22 = 14N

14

IS N
—

- SN

BN rigne, \ QN Vgt
(TN left, 9oy \ofe

* Find the net force is the following cases:

53— = 65

magy: N
(o) LRt o e AY
SN gt 3N left

My 65 - T3 =
Fret = DN sone vigny

ey 31
12 <1 N
—— 2/

(c)

)

=

(b)

NaQ: N
irecngn:
Yhe ngny

—> 8
=

13N ignt, N MGNY
NUS HR + &
Frer= QAN 4o e kg

17 «— 3 34
22 €<— =2 i
— . —

(d)

a) 12 N (right), b) 21 N (right), c) 14 N (left), d) 7 N (right)

Fref =

36U+

- ‘,—4 ’39\
=¢N

14



The Equilibrium Rule

* The equilibrium rule:

The vector sum of forces acting on a non-
accelerating object or system of objects
equals zero.

Mathematical notation: ZF = 0.

. Jf-o Fret= 0 (Lof@y Jrom o\l dArech ans  on e\ ench

oW er)
N DYNOMIC Lo BN U N
Stcc EQullibnum velocy C speedt dirocvon)
ot fr\\g\sj\ VS conant Cnoy CY\OY\gW\g)
Cnot Mouing) Cis e Some
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Types of Equilibrium

1. Static equilibrium: objects @(stationary
objects)
2. Dynamic equilibrium: objects moving at a
ci)istant velocity
(constant velocity = constant speed in a straight line).

When two or more forces cancel to zero on a moving
object, then the object is in equilibrium.

Normal
force

Drag Thrust
(air resistance (engine)
weight
v bnet=0  equilioniw,/Balomn cod
2F=0 ,
30 o / ™ Aynorm ic
T+ S YT C W\ouﬁ\ng .
wortin
at rest ConNeny o

\acy
(s> ne Yool —hﬂ
QMo C\\"‘@Qﬂ’io/\) 15
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The Equilibrium Rule
CHECK YOUR NEIGHBOR

The equilibrium rule, ZF = 0, applies to
A. vector quantities.

B. scalar quantities.

C. Both of the above.

D. Neither of the above.

The Equilibrium Rule
CHECK YOUR ANSWER

The equilibrium rule, ZF = 0, applies to
A. vector quantities.

-
B. scalar quantities. |
C. Both of the above. = i \ 4
D. Neither of the above. ! Si

i -
Explanation: V ¥

Vector addition takes into account + and — quantities that
can cancel to zero. Two forces (vectors) can add to zero,
but there is no way that two masses (scalars) can add to
zero.

16
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Dynamic Equilibrium

CHECK YOUR NEIGHBOR

A bowling ball is in equilibrium when it
A. is atrest.

B. moves steadily in a straight-line path.

C. Both of the above.
D. None of the above.

Dynamic Equilibrium

CHECK YOUR ANSWER

A bowling ball is in equilibrium when it
A. is atrest.

B. moves steadily in a straight-line path.

C. Both of the above.
D. None of the above.

17



Weight N

9
« Weight is th due to gravity.

« measured in Newton (Sl-unit is N)

 always points downwards (towards the
center of the Earth)

* Recall: w =mg

35

L
|
weignt
* Support force pAll G g avt
SM\QFO/B @

* is force that supports
an object on the
surface against gravity

* is also normal force
(perpendicular to the
surface)

Support Force

36
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Support Force
CHECK YOUR NEIGHBOR

When you stand on two bathroom scales, with one foot on
each scale and weight evenly distributed, each scale will
read

A. your weight.
B. half your weight.

C. zero.

D. actually more than your weight.

Support Force
CHECK YOUR ANSWER

When you stand on two bathroom scales, with one foot on
each scale and weight evenly distributed, each scale will
read

A. your weight.
B. half your weight.

C. zero.

D. actually more than your weight.

Explanation:

You are at rest on the scales, so ZF = 0. The sum of the
two upward support forces is equal to your weight.

19



Support Force YNCe ol cases
atre olonted. ¥net

-
* Note: the support (normal) force is NOT necessarily
equal to the weight - -F—W
q 9 v o Toel= V-F
IR SRR
D)
(A
MoiNn Sub)ey W w %Lv :
a
Fney=0 Fres =N~ F-w Frnet= 4N +F — wW
™ Fnex~ ©
o= +N - 0 = 4N F W O = NI F -W
- WNJ - —
@ N=Z Wt * N= WV
39
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The Force of Friction i
Penehrates
* Friction (
* the resistive force that opposes the motion
or attempted motion of an object through a
fluid or past another object with which it is in b

contact Fuey

 always acts in a direction to oppose motion

Force N, TAChON Gy Caidn'+ W\O\)QB

40

20
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The Force of Friction

« Friction (continued)

« between two surfaces, the amount depends on
the kinds of material and how much they are
pressed together

 due to surface bumps and also to the stickiness
of atoms on the surfaces of the two materials

The Force of Friction
CHECK YOUR NEIGHBOR

The force of friction can occur
A. with sliding objects.

B. in water.

C. inair. Caiv vedivveance)
D. All of the above.

21
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The Force of Friction
CHECK YOUR ANSWER

The force of friction can occur
A. with sliding objects.

B. in water.
C. inair.
D. All of the above.

Explanation:

Friction can also occur for objects at rest. If you push
horizontally on your book and it doesn't move, then friction
between the book and the table is equal and opposite to
your push.

Mass—A Measure of Inertia

CHECKPOINT

1. Suppose you exert a 50-N horizontal force on a heavy desk resting
motionless on your classroom floor. The fact that it remains at rest
indicates that 50 N isn’t great enough to make it slide. How does the
force of friction between the desk and floor compare with your push?

2. You push harder—say, 55 N—and the desk still doesn’t slide. How
much friction acts on it?

3. You push still harder and the desk moves. Once it is in motion, you
push with 60 N, which is just sufficient to keep it sliding at constant
velocity. How much friction acts on the desk?

4. What net force does a sliding desk experience when you exert a
force of 65 N and friction between the desk and the floor is 60 N?

22
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Mass—A Measure of Inertia N =

CHECKPOINT Fner=o - 3
1. Suppose you exert a 50-N horizontal force on a heavy des Fr=F = SO N
_ on your classroom floor. The fact that it remains at rest ™ “ne Siliﬁ
V=0 ( ‘ﬁ’)e* = 0 indicates that 50 N isn’t great enough to make it slide. How does the - i i
_ force of friction between the desk and floor compare with your push? clire cfian
Frots g-m 2. You push harder—say, 55 N—and the desk still doesn’t slige. How ~ &
&—  much friction acts on it? E C?ON)

q Fr
GPDOBR 3. You push still harder and the desk moves. Once it is in motion, you

- push with 60 N, which is just sufficient to keep it sliding at constant oy
O\“\QthO\/\ velocity. How much friction acts on the desk?

N R 4. What net force does a sliding desk experience when you exert a /
(; force of 65 N and friction between the desk and the floor is 60 N? W
y ToTN)
C §SN) ~ Were these your answers?
1. The force of friction is 50 N in the opposite direction. Friction opposes = can\e
p— R the motion that would occur otherwise. The fact that the desk is at rest is 3 N= n n +
J, ) evidence that 3F = 0. Funet- 0

2. Friction increases to 55 N, and again XF = 0.

3. The force of friction is 60 N, because when the desk is moving at con- ‘F r=Fz 60N
stant velocity, 2F = 0.

4. The net force is 5 N, because 3F = 65 N — 60 N. In this case the desk OFPGS] E d‘ﬂ‘QQbCM

picks ug_'speed. As we will see, it accelerates.
™

N
r 2 Freb: 16y - 6o T N
45 (soN) sy fnet- SN in (e e
5 CEPQQQ\ UP} he Rame aireefion CQQN)
.. d Mo (40 tine =
The Force of Friction Gt )

CHECK YOUR NEIGHBOR

When Nellie pushes a crate across a factory floor

at constant speed, the force ombetween the
crate and the floor is 3 MIC| equilibnmn

A. less than Nellie's push.

B. equal to Nellie's push.

C. equal and opposite to Nellie's push.
D. more than Nellie's push.

{/\F’; PN

46
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The Force of Friction
CHECK YOUR ANSWER

When Nellie pushes a crate across a factory floor
at constant speed, the force of friction between the
crate and the floor is

A.

B.
C.
D.

less than Nellie's push.
equal to Nellie's push.

equal and opposite to Nellie's push.
more than Nellie's push.

The Force of Friction
CHECK YOUR NEIGHBOR

When Nellie pushes a crate across a factory floor at an
increasing speed, the amount of friction between the crate
and the floor is

A.

B
C.
D

. equal to Nellie's push.

. more than Nellie's push.

less than Nellie's push.

equal and opposite to Nellie's push.

24
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The Force of Friction
CHECK YOUR ANSWER

When Nellie pushes a crate across a factory floor at an
increasing speed, the amount of friction between the crate
and the floor is

A. less than Nellie's push.

B. equal to Nellie's push.

C. equal and opposite to Nellie's push.
D. more than Nellie's push.

Explanation:

The increasing speed indicates a net force greater than
zero. Her push is greater than the friction force. The crate Cg?ee_d d?)
is not in equilibrium. ﬂ =SSN

|
(&N) TAGiu|

— Fgir (\OWN

Speed and Velocity J W=3IN

- Speed is described as the distance covered per
amount of travel time

speed is measured in units of m/s or km/h
Unit conversion:
=—m/s

« 1km/h =
60X60 s 18

+ 1m/s =—km/h

1000 m 5

25
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Speed and Velocity

n

» Average speed
* is total distance traveled divided by travel time

* equation:
total distance covered

average speed = -
8¢ 5P travel time

 Instantaneous speed

* is speed at any instant of time; the
speedometer of your car shows the
instantaneous speed not the average speed

Specd uR\CAIYY
AT Joieyn
Cwm%mwe) (moagnrude 4 oireck g,,

pecd = ditkanw S =
N m

51 q)M

93
Speed and Velocity
CHECK YOUR NEIGHBORKl
The average speed in driving 30 km in 1 hour is
the same average speed as driving &
A. 30 km in one-half hour. >~
B. 30 km in two hours.
C. 60 km in one-half hour.

60 km in two hours.

~ N

52
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Speed and Velocity
CHECK YOUR ANSWER

The average speed in driving 30 km in 1 hour is
the same average speed as driving

A. 30 km in one-half hour.
B. 30 km in two hours.

C. 60 km in one-half hour. Tho svraga soata NN
. the same average speed as driving 8:3%1%
D. 60 km in two hours. A 30kmin ane hafthour ¢SS0k
B. 30 kmin two hours. X o 5ppn® .

20kn 5w

C. 60 km in one-halfhoup{  @h h

D. )60 km in two hours. 5:_6_D_Km

O

53
Exercises
* A caris moving with a speed of 90 km/h, what is its
speed in m/s
PRI
quC;mAm OﬂQELY\-‘.—3-€ = 23 myy
N S N
AO XI0Q0 = QOO M /200 =3 %
* A horse is running with a speed of 15 m/s what is its
speed in km/h
— o000l
2 L)
IS ™™y kem \TLY\»«B-G—Summ
N N B
1S m . o0 ¥ g0l § Em
54 g : — 5 -

N

O .o\ ¥ 5600 —
— X

s N

A
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Exercises
O Th x 603
< & 0vec
* A man runs at 8 m/s; find the distance he travels in half SIS
an hour.
d d A
S = RN RM/S = —e‘ém/g
£ 52\ 00
> Spe=d B M/ S A (800 s

* A boy swims at 3 m/s, what time is needed for him to

= 4 Yvo
travel a distance of 105 m? Om

Cn (S Cm) N di S¥=nee
3@@@! - dience
S0}
)
2/ < 108 ™
T N Hrme CyJ
55 _ZS - \’Q_T S= 3%
> >
Velocity

* When we know both the speed and the direction of

motion of an object, then we know its velocity.
mag + direchon - vecior q,rw
Velocity = speed and direction

* For example, if a car is moving at 80 km/h to the west,
then its speed is 80 km/h and its direction is to the west.

« Constant velocity: means that the object is neither
speeding up nor slowing down and at the same time is
moving in the same direction (along a straight line).

NO, pecouse e diredhn on 3 Q(\o\r\%'m%_
* Question: Can you round a curve with your car at

constant velocity? Explain. = could bve congant 8\3@@@\
Ut ne awecron iR prone
o CN\O\V\%Q/
TS 4 S Ny o

> CYANTSIAN @Q\QCH*@
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cnhande O el ocity B
BANV = VP oV, podp R AT Te T
Acceleration AX=Xg-0X,

Slope downward-
Speed increases

« Galileo first formulated the

concept of acceleration in ,
his experiments with S
inclined planes.

Slope upward-
Speed decreases

lchqr\ae 0 \)@oc'%@ Per time

= A M
A = A_,_\I = Ne- Vi~ < No slope-
S/ 3¢ Ny Does speed change?
T &
no_ ,
s 7 =
B S
57
Acceleration

« Acceleration is the rate at which velocity
changes with time. The change in velocity may
be in magnitude, in direction, or both

- Equation for acceleration: *f@?é_

Change in velocity

Acceleration =
time interval &
e

Av v —v;

aqa =—=
t t

Initial ) Final
Spéed Acceleration : a Speed
v, 7,
Eao L 7= g

l - I

€ Time : 7 >

58
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Yole d <
Acceleration

CHECK YOUR NEIGHBOR %% r% & iy -

An automobile cannot maintain a constant velocity
when

A. accelerating.

B. rounding a curve.
C. Both of the above.
D. None of the above.

Acceleration

CHECK YOUR ANSWER

An automobile cannot maintain a constant velocity
when

A. accelerating.

B. rounding a curve.

C. Both of the above.

D. None of the above.

Explanation:

When rounding a curve, the automobile is
accelerating, for it is changing direction.

+|C
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Acceleration
CHECK YOUR NEIGHBOR

Acceleration and velocity are actually
A. much the same as each other.
B. rates, but for different quantities.

C. the same when direction is not a factor.

D. the same for free-fall situations.

Acceleration
CHECK YOUR ANSWER

Acceleration and velocity are actually
A. much the same as each other.
B. rates, but for different quantities.

C. the same when direction is not a factor.

D. the same for free-fall situations.

Explanation:

Velocity is the rate at which distance changes with
time; acceleration is the rate at which velocity

changes with time.
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Notes on Acceleration
rstant

veledtd ROLSN)
* Notes
» Constant velocity means no acceleration (=£ro acceleratioﬁn}).
« Unit of acceleration is (units of velocity)/(units of time) = m/s2.

* Acceleration is the change in velocity not the change in speed,
so even the change in direction only is considered to be
acceleration. For example, when a car makes a turn at a
constant speed it is still accelerating. tpe diechom,

* Positive acceleration (with positive velocity) means
increasing speed (speeding up) and negative acceleration
(with positive velocity) means decreasing speed (slowing
down). 3o Qirect o

*  When something slows down, we often call this deceleration.

« Constant acceleration means that the same increase in velocity
takes place in equal time intervals.

63
Constant acceleration
- Constant acceleration: constant change in
velocity at similar time intervals
2? 8? 14? 20? 26?
s —> L —> s —> s —> —
€ " > € ” > € ” > € " >
Congtant acceleration
2? s 17? 252 zag
.= L —> s —> s —> —
€ ” > € " > € ” > € " >
Variable acceleration
64
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Exercises

N

Exercise: If the speed of a certain car at a certain moment is 12 m/s

: S 5 ) =0
and its acceleration is 3 m/s?, what will be the speed of the car 8 -
seconds later? o Ve (Ans. 36 m/s)

= 34m (3
Ve = Vi +—ab = Ve=13+3(g)
-2.6

Exercise: A train slows dow a speed of 126 km/hdo)a speed of
54 km/h in 8 seconds. Vi

v a) What is the acceleration of the train? (note: mind the units!) \5 Sloas dCLuv\/

(126 km/h = 35 m/s, 54 km/h =15 m/s ). docolerod dece
_ g - v *‘M o rating

(< (Ans.Y—Z.S m/s?; what does the{negative) sign mean?)

QT T —— == —4.Sm/s’ XN AR
b) If it continues to decelerate at the same rate, how long will it
take it to(stop from its initial speed?
G=-3a-Smjg’ / ™ /32
- N ANCH QA
@) )
-A .S = 1o Ane spp /
65 T — V2 direatinn

VE= Vi o \©

O=1%% -3.5Ct) = -3¥ 7 -3.v¢%

Acceleration LN
* Free fall:

When the only force acting on a
falling object is gravity (the

weight), with negligible air
resistance, the object is in a state of
free fall.
* An upward moving object under

these conditions is also in free-fall!
66
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1) A ar slows down  Prom SEM Ay 72 ke
_— 9

: S L— _y\‘
N a-S minudel Vi v
VE= 42 km  _ 3 ¢ . Jaowm
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S
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S
€= 0.€ minuiey - d<second
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Free fall
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Yok SA = mMmore Ony

Free Fall Acceleration TR AN @

 Acceleration of free fall does not depend on
mass. It is constant.

m=10 kg m=1 kg
, )
) ll
III
Frav=100 N Fra=10N tg‘
E E
_100N 10N .
10 kg 1 kg F—
a=10 m/s? a=10 m/s?

Free Fall Acceleration

Neglecting air resistance, all objects in free fall in the earth's
gravitational field have a constant acceleration of magnitude:

g =9.81mis?~10 m/s?
Direction of g is always downwards (towards earth’s center).

In other words, the speed of an object increases by 10 m/s
each second while falling down and decreases by 10 m/s
each second while moving up.

) . JE -
Formula to use: Usinga = —g = —10m/s? in the — ~f) = ¢
acceleration equation, we get: Vg = v; — gt t
(keep in mind v can be positive or negative) \Cj E=u A
- Y

The distance travelled by a freely falling object released from

rest is directly proportional to the square of the time of fall, In
1 — NS =
equation for = gt? VE = W S

e
d- 2.9 °©
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Acceleration

CHECK YOUR NEIGHBOR

If a falling object gains 10 m/s each second it falls,
its acceleration is

A. 10 m/s.

B. 10 m/s per second.

C. Both of the above.

D. Neither of the above.

Acceleration

CHECK YOUR ANSWER

If a falling object gains 10 m/s each second it falls,
its acceleration is

A. 10 m/s.

B. 10 m/s per second.

C. Both of the above.

D. Neither of the above.

Explanation:

It is common to express 10 m/s per second as 10
m/s/s, or 10 m/s2.
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\/ = o A~

_ VT \DL\>+S Q
Acceleration
CHECK YOUR NEIGHBOR — && O

A free-falling object has a speed of 30 m/s at one
instant. Exactly one second later its speed will be

A. the same. U=100) +3p
B. 35 m/s.

@more than 35 m/s. - O

D. 60 m/s. VU =z YOk Yul

—10 W upwar@ VU= 100 +29

10 % downwardl = oy g

J= LI+ YOt
S0+ 0L = YoMy

Acceleration

CHECK YOUR ANSWER

A free-falling object has a speed of 30 m/s at one
instant. Exactly one second later its speed will be
A. the same.

B. 35 m/s.

C. more than 35 m/s.

D. 60 m/s.

Explanation:

One second later its speed will be 40 m/s, which is
more than 35 m/s.
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Acceleration
CHECK YOUR NEIGHBOR

The distance fallen by a free-falling body
A. remains constant each second of fall.
B. increases each second when falling. -
C. decreases each second when falling.
D. None of the above.

Acceleration
CHECK YOUR ANSWER

The distance fallen by a free-falling body
A. remains constant each second of fall.
B. increases each second when falling.
C. decreases each second when falling.
D. None of the above.

Explanation:

See Table 1.2 for verification of this. Falling
distance ~ time squared.
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Exercises
W=mM9
A AN W= 9x10 = N

Exercise: A 7-kg ball is thrown at 10 m/s straight upward. Neglecting
air resistance, the net force that acts on the ball when it is half way to
the top of its path is about [ —
a)1ION Db)5N c)35N 0 N e) None of the above.

Exercise: An object is in a downward free-fall. At one instant, it travels
at a speed of 37 m/s. Exactly 2 s later, its speed is about:
a)37m/s b)10m/s @57 m/s d)17 m/s e) 20 m/s

V= WOt d W = O 3 3F = SZmis

Exercise: A rock is thrown vertically into the air. At the top of its path,
its acceleration in m/s? is about:

b) Zero  c)Between 0 and 10 d) Greater than 10 ')
e) None of the above ’

meGuse U= lobadvi

—
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Exercises
5} @ SO NS

A
Exercise: A ball is thrown at a speed of rectly upward from
ground.

a) What is the speed of the ball 7 seconds later?

VT CXOL 4+ V)

V= —|1o)AQ0 > V= —7F0+90 , 3= dowms
b) What is the time needed for the ball to reach the top point?U -8

O = -1k A0

)Oe= 99 =9
c) What is the speed of the ba onds after reaching the top point?
O= - 10CE) + V)

Q= — (9 ) 9l = L(—Q}'Y\[S
e) What is the ball’s flight time?

4> x2L = & g =0 VERN

76
U= —H0m(
) Ve oM (s
FIgr rme= A + AS =\ "
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Exercises
31;@@:13 up
V-—
ereise-A-stone is dropped from rest from a large height. What is the
dlstance traveled in the seventh second?
e A - - NEOIEN
=) C#)"
2
d= S(H> = A= ¢ x 49
A= A4Sm
Exercise: A ball thrown verticall rd from the ground is caught
by the throwen 12 seconds later/What is tW
reached by the ball*
et b ¢
d=" 3 Lt DR O lag
> 6s &

d= '%uo\ (&)t

d=- § (&)
d= sx 2¢
d= (36w

= &3

£S =
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