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1. Every body persists in its state of being at
rest or of moving uniformly straight
forward, except insofar as it is compelled

to change its state by force impressed.
| (choose a law to begin) 3
o alhdeql _dOMmn: 2. The alteration of motion is ever
e mw T proportional to the motive force impressed;
. and is made in the direction of the right
line in which that force is impressed.

. To every action there is always opposed
an equal reaction: or the mutual actions of
two bodies upon each other are always
equal, and directed to contrary parts.
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= Newton’s laws of motion: 13z &) E
= Force: /]

= |nertial frame of reference: RIES®E
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T
Strength Range (m)
Force which
holds nucleus 1

Stron N e
8 @ @tngehel (dia:1rag|ar ola |
medium sized nucleus)
Strength Range (m)
Electro- <® &> 1 Infinite
NRSEAGHEAER | magneric ©~=® ™
_ Strength Range (m)

17

Weak “7 7 108 10
W‘@ ® @ {0.1% of the diameter

of a prolon)
neutrino Interaction
induces beta decay

Strength Range (m)
Gravity @»@ 6 x 10°°  Infinite
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TABLE 4.1 Typical Force Magnitudes

Sun’s gravitational force on the earth 35 X 102N
Weight of a large blue whale 19 X 10°N
Maximum pulling force of a locomotive 89 x 10°N
Weight of a 250 Ib linebacker 1.1 X 10N
Weight of a medium apple 1N

Weight of the smallest insect eggs 2% 10°N
Electric attraction between the proton and the electron in a hydrogen atom 82 X 108N
Weight of a very small bacterium 1 X 107'8N
Weight of a hydrogen atom 1.6 X 10N
Weight of an electron 89 X 10°°N
Gravitational attraction between the proton and the electron in a hydrogen atom 36 X 10*N
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& DLAY 77 Four common types of force

(a) Normal force 7: When an object rests or
pushes on a surface, the surface exerts a push on
it that is directed perpendicular to the surface.

i ¢

(b) Friction force f: In addition to the normal
force, a surface may exert a friction force on an
object, directed parallel to the surface.

(c) Tension force T: A pulling force exerted on
an object by a rope, cord, etc.

~.

(d) Weight w: The pull of gravity on an object
is a long-range force (a force that acts over
a distance).




& 71 Superposition of forces

The net force sseseseeeu...., >
acting on an object ... R ZF Fl + F2 + F3

0 o
. -
. -

...............

. is the vector sum. or resultant. of aII individual forces acting on that object.

Two forces F  and F » acting on a body at 2D:
point O have the same effect as a single force )

R equal to their vector sum. R. = 2 F R. = 2 F
5 X X L y
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R= VR + R
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NEWTON’S FIRST LAW OF MOTION An object acted on by no net external force

has a constant velocity (which may be zero) and zero acceleration.
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Newton’s first law: . F—: o, - MUSL be zero if the object
Net external force on an object ... is in equilibrium.
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(@) Initially, you and the .,
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vehicle are at rest.
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You tend to remain at rest as the
vehicle accelerates around you.

(b)

t = At

t = 2A¢

RtES2E % (inertial frame of reference )

(c) The vehicle rounds a turn

Initially, you and the
at constant speed.

vehicle are in motion.™,
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You tend to continue moving
with constant velocity as the
vehicle slows down around you.
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You tend to continue moving in a
straight line as the vehicle turns.



FE—TEERNRNX
) BEXLTBESER € E4HNE—EEEANSE R AL
ERESE R

YitkEr LRSI E B ERIE S, XS R
MBS A

(2) 7 X T A B RAEAN 0 B

B LRFFIZ B S BRI 81 (inertia)
KA YMRIE RS RE——77  (MEIEIMEEAEH)




BHES2EZ - inertial frame of reference

A JERRIRRESZ % - tidkERE ((aBl)
%

-~

FAEERIRSEFR TS Z 5 NEBRERNEMN - IEBRKE - BFLABEHES




BHES2 Z - inertial frame of reference
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Test your understanding of ‘Inertial Frame of Reference’

In which of the following situations is there zero net external force on the object?

.
2.
3.

an airplane flying due north at a steady 120 m/s and at a constant altitude,

a car driving straight up a hill with a 3° slope at a constant 90 km/h;

a hawk circling at a constant 20 km/h at a constant height of 15 m above an
open field:

a box with slick, frictionless surfaces in the back of a truck as the truck

accelerates forward on a level road at 5 m/s?



Improve your understanding of ‘Inertial Frame of Reference’

The radius of the earth’s orbit around the sun (assumed to be

circular) is 1.50 x10% km, and the earth travels around this orbit in
365 days.

a) What 1s the magnitude of the orbital velocity of the earth, in m/s?
b) What 1s the magnitude of the radial acceleration of the earth toward
the sun, in m/s??
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NEWTON’S SECOND LAW OF MOTION If a net external force acts on an object,
the object accelerates. The direction of acceleration is the same as the direction of
the net external force. The mass of the object times the acceleration vector of the

object equals the net external force vector.

Newton’s second law: -+--........... *2 ﬁ ==+ .. the object accelerates in
If there 1s a net external m a the same direction as the

force on an object ... Mass of object net external force.
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B : KBk Hockey puck on ice

(a) If there is zero net external force on the puck, so SF = 0, ..

= = = = =

N — e———- —— —— e——-
SBEE v a v v v .f v

“... the puck has zero acceleration (@ = 0) and its velocity U is constant.”

(b) If a constant net external force ZF acts on the puck in the direction of its motion ...
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... the puck has a constant acceleration a in the same direction as the net force.



B : KBk Hockey puck on ice

IR

(c) If a constant net external force F acts on the puck opposite to the direction of its motion ...

— A .'. — A ... — “.... — —>
2F 2F 2F 3F 2F
a a E a i a a 1
A 4 .
.". _,# -"_. ﬁ .... ? ? ?
v 5 v 3 v v v

... the puck has a constant acceleration @ in the same direction as the net force.
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TABLE 4.2 Units of Force, Mass, and Acceleration

System of Units Force Mass Acceleration
SI newton (N) kilogram (kg) m/s
cgs dyne (dyn) gram (g) cm/s?
British pound (Ib) slug ft /52




g= (w) ME=ZE (m)
Magnitude of ===x===-s-. i, = mk """"""" Mass of object
weight of an object S Magnitude of acceleration Falling object, Hanging object,
due to gravity mass m mass m
T

SR EEBEENERE TS L
ERERERIUR, T IRk EREAENES Weight | _ ..
W= ’nE 3F=0

* The relationship of mass to weight: w = mg.
« This relationship is the same whether an
object is falling or stationary.
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If object A exerts force F

(for example, a foot kicks
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.gonobject B NEWTON’s THIRD LAW OF

a ball) ...

I':.-i on B
Flf on A
then obje /1 necessarily

exer \1Hul

14 0NO0 bject A

(ball kicks ba anlmll

The two forces have the sa

but opposite directions: F, .

me magnitude

' li‘
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MOTION: If object A exerts a force
on object B (an “action”), then object
B exerts a force on object A (a
“reaction”). These two forces have
the same magnitude but are opposite
in direction. These two forces act on
different objects.
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(a) The forces acting on the apple

(b) The action—reaction pair for
the interaction between the
apple and the earth

~f

table on apple Yes
[ Q

LJ | ] |
earlh }# ppie M earth F apple
| J f apple n earth

apple onearth —
The two forces on the apple cannot

I EELEEEE
I T T

earth on apple
be an action—reaction pair because
they act on the same object

interaction between two objects. The

(c) The action—reaction pair for

the interaction between the apple
and the table

Yes b

table on apple

U |
J’F apple on table

F apple on table f —-F table on apple

o
.
et

An action—reaction pair i1s a mutual

two forces act on two different objects
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(a) The block, the rope, and the mason (b) The action—reaction pairs

# *
FRonM FMonR

Block (B)

Rope (R)

FBonR FRonB
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(c) Not an action—reaction pair (d) Not necessarily equal

_,4— :—> -

FBonR* °°°° ,"’FRonB :"’FMonR
These forces cannot be These forces are equal only if
an action—reaction pair the rope is in equilibrium (or
because they act on the can be treated as massless).

same object (the rope). AT, MRETERE, NIEESE?



X & Free-body diagrams

1. Newton’s first and second laws apply to a specific object.
2. Only forces acting on the object matter.

3. Free-body diagrams are essential to help identify the relevant
forces. A free-body diagram shows the chosen object by itself,
“free” of its surroundings, with vectors drawn to show the
magnitudes and directions of all the forces that act on the
object.



S A% & Free-body diagrams

7]
To jump up, this
f_;" __________ I ﬁ player is pushing
y : blOfk on runner down against the
: floor, increasing
— the upward reaction
F ! : e &
x ] force n of the floor
The force of the starting block W on him.
. A
on the runner has a vertical {
component that counteracts her w

. . This player is a
weight and a large horizontal

freely falling object.
component that accelerates her.




TEST YOUR UNDERSTANDING OF SECTION 4.4 Suppose an astronaut landed on a planet
where g = 19.6 m/s>. Compared to earth, would it be easier, harder, or just as easy for her to walk
around? Would it be easier, harder, or just as easy for her to catch a ball that is moving horizontally

at 12 m/s? (Assume that the astronaut’s spacesuit is a lightweight model that doesn’t impede her
movements in any way.)
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SUMMA

Force as a vector: Force is a quantitative measure of the
interaction between two objects. It is a vector quantity.
When several external forces act on an object, the effect
on its motion is the same as if a single force, equal to the
vector sum (resultant) of the forces, acts on the object.
(See Example 4.1.)

R=SF=F+hL+F+--

(4.1)

The net external force on an object and Newton’s first law:
Newton’s first law states that when the vector sum of all
external forces acting on a object (the net external force) is
zero, the object is in equilibrium and has zero acceleration.
tially in motion, it continues to move with constant velocity.
This law is valid in inertial frames of reference only. (See
Examples 4.2 and 4.3.)

SF=0

(4.3)

_» U = constant

- -

7, P —F,

Mass, acceleration, and Newton's second law: The inertial

properties of an object are characterized by its mass. Newton’s

second law states that the acceleration of an object under the
action of a given set of external forces is directly proportional
to the vector sum of the forces (the nef force) and inversely
proportional to the mass of the object. Like Newton’s first
law, this law is valid in inertial frames of reference only. In SI
units, the unit of force is the newton (N), equal to 1 kg - m/sz.
(See Examples 4.4 and 4.5.)

SF =ma

3F; = may
ZFy = may
2F; = ma;

(4.6)

(4.7)

Weight: The weight w of an object is the gravitational force
exerted on it by the earth. Weight is a vector quantity. The
magnitude of the weight of an object at any specific location
is equal to the product of its mass m and the magnitude of
the acceleration due to gravity g at that location. The weight
of an object depends on its location; its mass does not. (See
Examples 4.6 and 4.7.)

(4.8)

Newton's third law and action-reaction pairs: Newton's
third law states that when two objects interact, they exert
forces on each other that are equal in magnitude and
opposite in direction. These forces are called action and
reaction forces. Each of these two forces acts on only
one of the two objects; they never act on the same object.
(See Examples 4.8-4.11.)

FAmB = —ﬁBmA

(4.10)

Faom\
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