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6. KE HOACH DAY HOC: Hoat dong day, hoc
a . Hoat dong ciia SV
Tuin Noi dung CbR Hoat dgng ciia ,
GV (H/d ¢ lop va chudn
bi o nha)
4 | Chapter 4. G3.1 Thuyét trinh, Nghe giang, lam bai
NEWTON’S LAWS huéng din tip Example 4.1
OF MOTION Example 4.1
4.1 Force and
Interactions
4.2 Newton’s First Law G3.1 Thuyét trinh, Nghe giang, lam bai
huéng din tdp Example 4.3
Example 4.3
4.3 Newton’s Second Law | G3.2, Thuyét trinh, Nghe giang, lam bai
G3.3 huéng din tap Example 4.4, 4.5
Example 4.4, 4.5
4.4 Mass and Weight G3.3 Thuyét trinh, Nghe giang, lam bai
huéng din tap Example 4.7

7. DPANH GIA HQC TAP:
Hé thong ciu hoi, bai tip theo tirng tin chi

Tin chi CDR hgc phin H& théng cAu héi, bai tip
2 G3.1 | Khai niém luc trong vat ly Q4.1
G3.2 | Y nghia caa hop luc tac dung | E: 4.1, 4.4, 4.6;
1én vat P: 4.35
G3.3 | Mbi quan hé giira hop luc véi | Q: 4.12, 4.13, 4.16;
khéi lugng va gia tdc cua vt E:4.13,4.14
P: 4.33, 4.40
G3.4 | Mbi quan hé gitta céic luc do | E: 4.21,4.22,4.24,4.25

hai vit twong tac véi nhau P: 4.54, 4.57
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NEWTON'S LAWS
OF MOTION

Concept of force (n): khai niém luc

The significance (n): y nghia

an object (n): mot vat

Relationship (n): quan hé

Dynamics (n): dong luc hoc

Newton’s laws of motion: cac dinh luat Nuu ton
contact force (n): luc tiép xuc

long-range force (n): luc tuong tac tim xa

Net forces (n): hop luc

Tension force (n): lyc cang sop day

Friction force (n): lwvc ma sat
Pressure force (n): ap lyc

Normal force (n): lyc theo phuong vuéng géc (phan luc)
Weight (n): trong luc

LEARNING GOALS

By studying this chapter, you will
learn:

* \What the concept of force means in
physics, and why forces are vectors.

* The significance of the net force on
an object, and what happens when
the net force is zero.

* The relationship among the net force
on an object, the object's mass, and
its acceleration.

* How the forces that two bodies
exert on each other are related.
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4.1 Force and Interactions

(a) A 10-N pull directed 30° above
the horizontal

Elastic Potential Energy

"_c
= 1
%;
3

([

AN

J

a
Al
3

compressed

D

A AR A A AN AN KA K

stretched

the horizontal

0N

(b) A 10-N push directed 45° below

4.1 Some properties of forces.

+ A force is a push or a pull.

» A force is an interaction between two objects
or between an object and its environment.

« A force is a vector quantity, with magnitude
and direction.

f (force)
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contact force

(@) Normal force n: When an object rests or

pushes on a surface, the sur

15 a push on
it that is directed perpendicular to the surface.

(b) Friction force f: In addition to the normal
force, a surf: xert a frictional force on
an object, directed parallel to the surface.

i

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

long-range forces

7
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Table 4.1 Typical Force Magnitudes
Sun’s gravitational force on the earth

Thrust of a space shuttle during launch

Weight of a large blue whale

Maximum pulling force of a locomotive

Weight of a 250-1b linebacker

Weight of a medium apple

Weight of smallest insect eggs

Electric attraction between the proton and the electron in a hydrogen atom
Weight of a very small bacterium

Weight of a hydrogen atom

Weight of an electron

Gravitational attraction between the proton and the electron in a hydrogen atom

Bruce Davis (Linebacker)

3.5 % 10N
3.1 x 10N
1.9 % 10°N
8.9 X 10°N
1.1 X 10°N
IN

2 %X 10°N
82 x 108N
1 X 1078 N
1.6 X 107N
89 x 107N
3.6 X 107N
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Superposition of Forces

4.4 Superposition of forces.

~ — — .

Two forces F| and F, acting on a body at
point O have the same effect as a single force
— B} -

R equal to their vector sum.

More generally, any number of forces applied at a point on a body have the same effect as

a single force equal to the vector sum of the forces. This important principle is called
superposition of forces.

4.5 The force F, which acts at an angle 6 from the x-axis, may be replaced by its
rectangular component vectors F, and F .

(a) Component vectors: I_?; and I_?‘; (b) Component vectors l_‘?‘; and P_‘; together
Components: F, = F cos # and F, = Fsin 0 have the same effect as original force F.

‘ ‘/‘ _/' "E\}\};N
y

vl
!
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4.6 F, and F, are the components of F
parallel and perpendicular to the sloping
surface of the inclined plane.

We cross out a vector when we replace
it with its components. '

4.7 Finding the components of the
vector sum (resultant) R of two forces F|
and F,.

R is the sum (resultant) of F| and F:E.
The y-component of R
equals the sum of the y- The same goes for
components of F, and F,.  the x-components.

""Ry )




R=F +F,+F3+ -+ =>F 4.1)

In three-dimensional problems, forces may also have z-components; then we
add the equation R, = X F, to Eq. (4.2). The magnitude of the net force is then

R= VR + R +R?

(4.2)

cosfl, =
cos By =

cosf, =

R B
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do vat chuyén nghiép

AELCENEE Superposiion gf forces

Three professional wrestlers are /{ghting over a champion’s belt.
Figure 4.8a shows the horizontal force each wrestler applies to
the belt, as viewed from above. The forces have magnitudes
F, 250 N, F, = 50 N, and F3 = 120 N. Find the x- and
y-components of the net force on the belt, and find its magnitude
and/direction.

Pai (that lwng)

6/16/2016
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4.8 (a) Three forces acting on a belt. (b) The net force R = SF
and its components.

(@) y (b) y
----- Net force
7\ Flv =

< x- and y-components = K~ ———

.-' e - 7\RV
of F|
N

F,

X
r, —

Fy F; has zero R,

y-component.

F; has zero .
X-component. F 3

The net force has a negative x-component and a positive
y-component, as shown in Fig. 4.8b.
The magnitude of R is

R=VR2+R} = V(=100 N)> + (80 N)> = 128 N

To find the angle between the net force and the +x-axis, we use
Eq. (1.8):

R 80 N
§ = arctan — = arctan | ——— | = arctan (—0.80)
R, —100 N

11
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4.2 Newton’s First Law

4.9 The slicker the surface, the farther a
puck slides after being given an initial
velocity. On an air-hockey table (c) the
friction force is practically zero, so the
puck continues with almost constant
velocity.

(a) Table: puck stops short. (b) Ice: puck slides farther.

(c) Air-hockey table: puck slides even farther.

Newton’s first law of motion: A body acted on by no net force moves with
constant velocity (which may be zero) and zero acceleration.

12
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Chu y: Thda ludn nhdm vé hé quy chiéu quan tinh

Inertial Frames of Reference

Pages: 110-111

Goiy
Hé quy chiéu la gi?

Hé quy chi€u gom nhitng nhirng yéu to nio?
Thé nao la hé quy chiéu quan tinh?

Thé nao la hé quy chiéu khong quan tinh?

Nhirng luu y gi khi chon hé quy chiéu?

(a) Initially, you and the . _ (b) Initially, you and the (€) The vehicle rounds a tum
vehicle are at rest. vehicle are in motion.™, at constant speed.

—q
(=0 -
a

r=Ar
r=Ar |
a |
1= 251 r=2Ar f
r =34 1= 3Ar r=2Ar
.
a
You tend to remain at rest as the You tend to continue moving
vehicle accelerates around you, with constant velocity as the
vehicle slows down around you.

You tend to continue moving in a
straight line as the vehicle turns.

13



Application Sledding with Newton’s
First Law

The downward force of gravity acting on the
child and sled is balanced by an upward nor-
mal force exerted by the ground. The adult’s
foot exerts a forward force that balances the
backward force of friction on the sled. Hence
there is no net force on the child and sled, and
they slide with a constant velocity.

LD NE R SEL R 7erp net force means constant velocity

In the classic 1950 science fiction film Rocketship X-M, a space-
ship is moving in the vacuum of outer space, far from any star or
planet, when its engine dies. As a result, the spaceship slows down
and stops. What does Newton’s first law say about this scene?

6/16/2016
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4.3 Newton’s Second Law

4.13 Exploring the relationship between the acceleration of a body and the net force
acting on the body (in this case, a hockey puck on a frictionless surface).

(a) A puck moving with constant velocity (in equilibrium): SF = 0.a=0

—_— —_— —_— —_— —_—
v v v v v

B e S e S I e e

(b) A constant net force in the direction of motion causes a constant acceleration in the same
direction as the net force.

SF SF SF SF SF
- — .
L"Qi.. E B a a 7-7.‘.1 . E
g S S
=~ e
v v

(c) A constant net force opposite the direction of motion causes a constant acceleration in the same
direction as the net force.

SF SF SF SF SF
—_— —f— ~if— ff— B
v v v v v

4.15 Fora body of a given mass . the (b) Doubling the net force doubles the

i i i acceleration.
magnitude of the body’s acceleration is v
directly proportional to the magnitude of
the net force acting on the body. m o SE = op

- 1

(a) A constant net force ZF causes a
constant acceleration a. () Halving the force halves the

—

(. acceleration.
3 @ E
=7 2
SF=F A
ES=— ‘\'\_‘\)
m

6/16/2016
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4.16 For a given net force SF acting
on a body, the acceleration is inversely
proportional to the mass of the body.
Masses add like ordinary scalars.

(a) A known force 2F causes an object
with mass m, to have an acceleration .
a
—_— -
2F

| > x

m
) _ . (c) When the two objects are fastened
(b) Applying the same force 2 F toa together, the same method shows that
second object and noting the acceleration their composite mass is the sum of their
allow us to measure the mass. individual masses.
32 33
— - T
¥ ;
———— x SF
—
m
2 my + my *
>F =ma (Newton's second law of motion) (4.7)
—
. XF
a —
m

Newton’s second law of motion: If a net external force acts on a body, the
body accelerates. The direction of acceleration is the same as the direction of the
net force. The mass of the body times the acceleration of the body equals the net
force vector.

Newton’ d
EFz:mﬂz (Newton’s secon e

law of motion)

EFX:max EFy:may

6/16/2016
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3eL RN Determining acceleration from force

A worker applies a constant horizontal force with magnitude 20 N
to a box with mass 40 kg resting on a level floor with negligible
friction. What is the acceleration of the box?

trén san

F=20N
e —13>. H;F*EON »
m=40k9 m=40k9
Ng woi phuc day

vu

3ELTICE R/ Determining force from acceleration

A waitress shoves a ketchup bottle with mass 0.45 kg to her right
along a smooth, level lunch counter. The bottle leaves her hand
moving at 2.8 m/s, then slows down as it slides because of a con-
stant horizontal friction force exerted on it by the countertop. It
slides for 1.0 m before coming to rest. What are the magnitude and
direction of the friction force acting on the bottle?

17
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m = 0.45 kg
Vo= 2.9 m|s
_
X
O 1.0m >|(
n
£
X
Vi

Chu y: Thoa ludn nhém vé hé quy chiéu quan tinh

4.4 Mass and Weight

Pages: 117-118

Goiy
Khoi lwgng la gi?

Nhiing dic trung co ban ciia khoi lwong?

Khoi lwong quén tinh va khoi lwgng hap din cé
trung nhau khong?

Phén biét giira khdi lwong va trong lwong?

18



Momentum (n): dong lwgng, xung lwgng
Uniform motion (n): chuyén déng khéng d6i
Stationary: dirng yén

Net forces (n): hgp lyc

interaction forces (n): cac lyc twong tac
Accelerative force (n): luc ting tdc
Decelerative force (n): lyc giam t6c
Elastic force (n): lwoc dan hoi

Gravity force (n): lyc hap dan, trong luyc
Resistance force(n): Iwc can

Repulsive force (n): lwc day

Pressure force (n): ap luc

4.5 Newton’s Third Law

Newton’s third law of motion: If body A exerts a force on body B (an
“action”), then body B exerts a force on body A (a “reaction”). These two forces
have the same magnitude but are opposite in direction. These two forces act on

different bodies.

4.25 If body A exerts a force F 4 o,  on
body B, then body B exerts a force f’B onA
on body A that is equal in magnitude and
opposite in direction: F’A ong = — F’B onA-

N

FAunB

yrd

FBunA

6/16/2016
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(LT TEINSEDIEE Y Applying Newton's third law: Objects at rest

An apple sits at rest on a table, in equilibrium. What forces act on
the apple? What is the reaction force to each of the forces acting on

the apple? What are the action-reaction pairs?

4.26 The two forces in an action—reaction pair always act on different bodies.

(€) The action-reaction pair for

(b) The action-reaction pair for
the interaction between the apple

the interaction between the

(@) The forces acting on the apple

apple and the earth and the table
1@[“},,! onerte fﬁlubleou apple+
] ¥
Iﬁemn on apple fwm on apple ,‘fﬂwlc \able
F, _ﬁcanh on apple fupplu on table f ‘ﬁmmu on apple

apple on carth T

Action-reaction pairs always represent a
mutual interaction of two different objects.

(d) We eliminate one of the forces
acting on the apple

Frabicon apple—

A

0

I_'i

Table

— removed

A ¥ earth on upp'\c‘

1 Fapplcon r:nr{hf
——

|

T'he two forces on the apple CANNOT
be an action-reaction pair because
they act on the same object. We see
that if we eliminate one, the other
remains.

Applying Newton’s third law: Objects in motion

A stonemason drags a marble block across a floor by pulling on a

rope attached to the block (Fig. 4.27a). The block

is not necessarily

in equilibrium. How are the various forces related? What are the

action—reaction pairs?

4.27 Identifying the forces that act when a mason pulls on a rope attached to a block.

(a) The block, the rope, and the mason (b) The action-reaction pairs

1
o | g Pj e
L .
o - = =
- — . .
.‘T - Fraom Fuyonr o Pronr
p ) A

These forces cannot be

=>hﬁ an action—reaction pair

" o == { because they act on the

—_—

3 = same object (the rope).
Faanr Frann

(€) Not an action—reaction pair

(d) Not necessarily equal

| .

P M Fyonr

These forces are equal only if
the rope is in equilibrium (or
can be treated as massless).
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LIRS EL DR RNE A Newton’s third law paradox?

We saw in Conceptual Example 4.10 that the stonemason pulls as
hard on the rope-block combination as that combination pulls
back on him. Why, then, does the block move while the stonema-
son remains stationary?

4.28 The horizontal forces acting on the block-rope combina-
tion (left) and the mason (right). (The vertical forces are not
shown.)

These forces are an action-reaction

pair. They have the same magnitude
but act on different objects.

Friction force {/}\ Friction force
of floor on IO /,L}’ = of floor on
block ! Fyionr Fronm li;) - mason
—
k) % B
: Block + rope Mason
The block begins sliding if The mason remains at rest if
Fy1 on g Overcomes the Fg ,nm1s balanced by the
friction force on the block. friction force on the mason.

6/16/2016
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4.6 Free-Body Diagrams
(a) (b)

: Fhlm‘k on runner

The force of the starting block on the
runner has a vertical component that
counteracts her weight and a large
horizontal component that accelerates her.

=|

» To jump up, this
player will push
down against the
floor, increasing
the upward reaction
force n of the floor

P :
w on him.
|

=l

This player is a \

freely falling object.

22
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©

.~ The water exerts a buoyancy force that
k—‘“‘ counters the swimmer’s weight.
F buoyancy

= —efe—— s e,

T Pihrust F drag
Kicking causes the water to Thru;r is countered by drag
exert a forward reaction force, . forces exerted by the water
or thrust, on the swimmer. A on the movine swimmer.

ciarrr . SUMMARY

Force as a vector: Force is a quantitative measure R= F‘l + .T?z + F'3 +...= EF‘ 4.1 (i

of the interaction between two bodies. It is a vector F o R
quantity. When several forces act on a body, the YA :
effect on its motion is the same as when a single Sl
force, equal to the vector sum (resultant) of the E{ =

forces, acts on the body. (See Example 4.1.)
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ciarrer . SUMMARY

The net force on a hody and Newton’s first law:
Newton’s first law states that when the vector sum
of all forces acting on a body (the net force) is
zero, the body is in equilibrium and has zero
acceleration. If the body is initially at rest, it
remains at rest; if it is initially in motion, it
continues to move with constant velocity. This
law is valid only in inertial frames of reference.
(See Examples 4.2 and 4.3.)

ciarrr . SUMMARY

Mass, acceleration, and Newton’s second law: The
inertial properties of a body are characterized by its
mass. The acceleration of a body under the action
of a given set of forces is directly proportional to
the vector sum of the forces (the net force) and
inversely proportional to the mass of the body. This
relationship is Newton’s second law. Like Newton’s
first law, this law is valid only in inertial frames of
reference. The unit of force is defined in terms of
the units of mass and acceleration. In SI units, the
unit of force is the newton (N), equal to 1 kg - m/sz.
(See Examples 4.4 and 4.5.)

6/16/2016
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ciarrer . SUMMARY

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

- -
FAonB = _FBonA

6/16/2016
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