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2-1: Force

We know that a force can cause the acceleration of a body. In Fig 2-1 put the
standard body on a horizontal frictionless this body has a mass of 1 kg. Pull the
body to the right so, it eventually experiences a measured acceleration of 1 m/s®.
The force we are exerting on the standard body has a magnitude of 1 newton
(abbreviated N)

F~” =ma~ (Newton’s second law)..................... (2-1)
So Sl units, Eq.2-1 tells us that

1N= (1 kg) (1 m/s?) = 1 kg.m/s?

Fig. 2-1 a force on the standard kilogram gives that body an acceleration a™.

A system consists of one or more bodies and any force on the bodies inside the
system from bodies outside the system is called an external force. If the bodies
making up a system are rigidly connected to one another, we can treat the system
as one composite body, and the net force on it is the vector sum of all external
forces.

net = Ma~ where m is the total mass of the system

When two or more forces act on a body, we can find their net force, or resultant

force, by adding the individual forces value and direction.




In equation form,

e J—

net = Ma” (Newton’s second law)........ccceeuvnneens (2-2)

-

net Must be the vector sum of all the forces that act on that body. Only forces
that act on that body are to be included in the vector sum, not forces acting on

other bodies that might be involved in the given situation.
r_l)et,x = ma; = r_l)et,y = ma; = ;et,z = ma; ................... (2'3)

Each of these equations relates the net force component along an axis to the
acceleration along that same axis. For example, the first equation tells us that the
sum of all the force components along the x axis causes the x component ax of the
body’s acceleration, but causes no acceleration in the y and z directions. Turned
around, the acceleration component a, is caused only by the sum of the force

components along the x-axis. In general,

* The acceleration component along a given axis is caused only by the sum of the force

components along that same axis, and not by force components along any other axis.

2-2: Newton’s First Law

If no force acts on a body, the body’s velocity cannot change; that is, the body cannot accelerate.

legsdade Jigalle dS aie Ly @il avally LSl iy GSLAI anal),

**There may be multiple forces acting on a body, but if their net force is zero, the body cannot

accelerate.




2-4: Newton’s Second Law

The net force on a body is equal to the product of the body’s mass and its
acceleration
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2-4: Newton’s Third Law

When two bodies interact, the forces on the bodies from each other are always

equal in magnitude and opposite in direction
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Fgc = Fcg (equal magnitudes)

Fec =-Fcg ... (2-4) (equal magnitudes and opposite directions)
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" The force on B
due to C has the same
magnitude as the
force on C due to B.

Fig. 2-2 (a) Book B leans against crate C.(b) Forces (the force on the book from the crate) and (the force on the

crate from the book) have the same magnitude and are opposite in direction.
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EXAMPLE:

Parts A,B ,and C on this figure show three situations in which one or two forces act on a puck

that moves over frictionless ice along an x axis, in one-dimensional motion The puck’s mass is m

= 0.20 kg. Forces F7 and F5 are directed along the axis and have magnitudes F; =4 N and F3

= 2 N. Force is directed at angle 8 = 30° and has magnitude F3' = 1N. In each situation, what is

the acceleration of the puck?

Solution:

netx= Max
The free-body diagrams for the three situations are also
given in Figure, with the puck represented by a dot.

For Fig (b), where only one horizontal force F{ = may

4.0N
a=L = = 20m/s?
m 0.20kg

In Fig. (d), two horizontal forces act on the puck, Fq in
the positive direction of x and F in the negative

direction. Now
F1 - Fz = May

a.= F1—-F, _ 40N-2.0N
x m 0.20

= 10m/s?

In Fig (f), force F3is not directed along the direction
of the puck’s acceleration; only x component F3 , is
(Force F3' is two-dimensional but the motion is only

one-dimensional.) Thus, we write
F3’x— FZ =ma x

From the figure, we see that F3 , = F3 cos8. Solving

for the acceleration and substituting for F3 , yield

F3x- Fp F3cos@-F2 (1.0N)(cos30)-2.0N -
m B m B 0.20kg

a,-

-5.7m/s* Thus, the net force accelerates the puck in

the neoative direction of the x-axis.
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The horizontal force
causes a horizontal
acceleration.

This is a free-body
diagram.

These forces compete.
Their net force causes
a horizontal acceleration,

This is a free-body
diagram.

Only the horizontal
component of Fq
competes with [,

This is a free-body
diagram.




os dlal) Al (s il

s (B S (g G Al ARl 3 & a5 Andall 38 (1

Agualinall 5 5l 5 Al eI Clail) (s Al el 5 5al) Jadi ¢ dpudalinall 5 4L oSl 381 (2

lgaazy ae (i il ) B sall g8 g 5 Al g 4 g8l Ay g all 568l Jadii Al 5 Ay 5ill 38 (3
B sl Jada Uy Claguas Bl (e A 5 e o2 (Al g Adpmacall 4y 5300 5 48l

2-5: Some Particular Forces

The Gravitational Force

When we speak of the gravitational force F on a body, we usually mean a force that pulls on it

directly toward the center of Earth—that is, directly down toward the ground. We shall assume

that the ground is an inertial frame.
F,=mg
Weight

The weight W of a body is the magnitude of the net force required to prevent the body from

falling freely, as measured by someone on the ground, .Consider a body that has an acceleration
W =mg (weight)
The Normal Force

When a body presses against a surface, the surface (even a seemingly rigid one) deforms and

pushes on the body with a normal force Fy’ that is perpendicular to the surface.
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W=mg

The normal force Normal force FN
is the force on
the block from the
supporting table. :
Block
il
The gravitational The forces
force on the block balance.
is due to Earth's
downward pull. (a) (5)

Fig. 2-3 (a) A block resting on a table experiences a normal force Fy’ perpendicular to the

tabletop. (b) The free-body diagram for the block
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Tension force

The tension in the cord is the magnitude T of the force on the body.

For example, if the force on the body from the cord has magnitude T = 50 N, the
tension in the cord is 50 N. A cord is often said to be massless (meaning its mass is
negligible compared to the body’s mass)

=1
~l
N\

)
~|

The forces at the two ends of
the cord are equal in magnitude.

(a) (b) (¢)

Fig. 2-5 (a) The cord, pulled taut, is under tension. If its mass is negligible, the cord pulls on the body

and the hand with force, even if the cord runs around a massless, frictionless pulley as in (b) and (c).
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30-T=3a.....(2)

10
a=— =2 m/s?
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T-2x10=2 X2
T=24N
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