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1st Law:
Law of Inertia

2nd | aw:
Law of Forces

Newton’'s Laws

In the absence of external forces, an object at rest
remains at rest and an object in motion continues
In motion with a constant velocity.

The acceleration of an object is directly proportional to

é E. — e the neft fo’rce exerted on it and inversely proportional to
i the object’s mass.

3" Law: — :
Law of Action If two objects interact, the force, F,,, exerted on object 1
and Reaction | By object 2 is equal magnitude_to and opp(_)site direction
— —7] | to the force, F,,, exerted on object 1 by object 2.
F,=-F,
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Example 5.3

A large man and a small boy stand facing each other onfrictionless ice. They put their
hands together and push against each other so that they move apart. a) Who moves away
with the higher speed and by how much?

—_—

Fo=- F21;
Fe=mas Fox=maw; Fey=masw =0

_—

Fo=Maw Faux=Maw: Fau,= Maw =0

F = F

= ‘le

Fo=-Foa ‘Flz :‘- Fal=F: an=—=M 5.
m m
VMXf - VMXi + a'l\/lX.I: - a'MX.I:
V. v, tagt=a t=M g0=My
m m

b) Who moves farther while
their hands are in contact?

\ v, vy If M Am bythe ratio of the masses

. . . 1 M M
Given in the same time interval, since the boy Xp = Vpg T+ > a,t* = T Ve t+ %awtz
has higher acceleration and thereby higher M 1 5 M
speed, he moves farther than the man. = =&y L+ 28, 17 2= ==X,

m e 2 g m
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Some Basic Information

When Newton’s laws are applied, external forces are only of interest

Because, as described in Newton’s first law, an object will keep

Why? | . . .
Its current motion unless non-zero net external forces are applied.

Reaction force that balances gravitational
Normal Force, n: | force, keeping objects stationary.

Magnitude of the force exerted on an object

Tension, T: .
by a string or a rope.

A graphical tool which is a diagram of externa

Free-body diagram | forces on an object and is extremely useful analyzing
forces and motion!! Drawn only on the object.
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Applications of Newton’s Laws

Suppose you are pulling a box on frictionless ice, using a rope.

What are the forces being
exerted on the box?

\
— \
T ﬁ

Gravitational force: Fg

Normal force: n

Free-body
diagram Tension force: T
Total force: 3 F. =T=Ma, axz%
F=Mg  F=F+n+T=T 8 F,=F +n=0; a,=0
If T is a constant Vv, =V, +tat=v, Eel\;—Qt
force, a,, is constant Dot
— _ T o 2
Dx = xX; - X; = Vvt + —¢—t
2 eM g

Feb. 4, 2002 1443-501 Spring 2002
Dr. J. Yu, Lecture #5




Example 5.4

A traffic light weighing 125 N hangs from a cable tied to two other cables
fastened to a support. The upper cables make angles of 37.0° and 53.0°
with the horizontal. Find the tension in the three cables.

Free-body
Diagram

i=3 =
F=T,+T,+T,; F, =3 T,=0; F, =3 T, =0

1

1
o

T,dn (37 °)+ T, sn (53) mg
- T, cos (37 °)+ T, cos (53 °): 0
COS (53)
cos (37°)
T,lsn (53°)+0.75 “~sn (37 ) =1.25T, =125 N
T,=100 N; T,=0.754 T, =75 .4N

\ T, = T, =0.754 T,
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Example 5.6

A crate of mass M is placed on a frictionless inclined plane of angle g
a) Determine the acceleration of the crate after it is released.

y E = Eg; + F]

n —Ma F,=Ma =n+F_ =
Free-body g — — — :

. »x |F.=Ma,=F, =Mgsng
Diagram _
=\ F=-Mg |& =9g3Snq
_ 1 ._1 . 0
Supposed the crate was released at the d=v,t +Eaxt ~5 gsingt

top of the incline, and the length of the

incline is d. How long does it take forthe | |\ t= / 2_d
crate to reach the bottom and what Is its gsng

speed at the bottom?

vV, =V, +tat=gsnq /g::lq =,/2dgsing
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Forces of Friction

Resistive force exerted on a moving object due to viscosity or other types
frictional property of the medium in or surface on which the object moves.

These forces are either proportional to velocity or normal force

Force of static friction, f,: The resistive force exerted on the object until
just before the beginning of its movement

Empirical
Formula

f

£ ms‘n‘ What does this Frictional force increases till it

formula tell you? | | reaches to the limit!!

Beyond the limit, there is no more static frictional force but kinetic
frictional force takes it over.

Force of kinetic friction, T e resistive force exerted on the object

- WH during its movement

fi
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Example 5.12

Suppose a block is placed on a rough surface inclined relative to the horizontal. The
Inclination angle is increased till the block starts to move. Show that by measuring
this critical angle, g, one can determine coefficient of static friction, m.

y
n
Free-body fsf mn F:_I\g(a
Diagram
= \ F=-Mg

F

F,=Ma,=n+F =0, n=-F_ =Mgcosq,
F.=F,- ;=0 f,=mn=Mgsnq,
Mgsng, _ Mgsnq, _

= = = tan
i n Mg cosq, e
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Newton's Second Law & Uniform Circular Motion

The centripetal acceleration is always perpendicular
to velocity vector, v, for uniform circular motion.

m
Q v 2
a, =

I

Is there force in this motion? If there is, what does It do?
The force that causes the centripetal acceleration

acts toward the center of the circular path and \/2

o,
causes a change in the direction of the velocity a Fr =Ny =M
vector. This force is called centripetal force. I

What do you think will happen to the ball if the string that holds the ball breaks? Why?

Based on Newton’s 1%t law, since the external force no longer exist, the ball will
continue its motion without change and will fly away following the tangential
direction to the circle.
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Ex06-02.ip

Example 6.2

A ball of mass 0.500kg is attached to the end of a cord 1.50m long. The ball is
moving in a horizontal circle. If the string can withstand maximum tension of 50.0
N, what is the maximum speed the ball can attain before the cord breaks?

m Centripetal

acceleration:

When does the
string break?

When the centripetal force is greater than the sustainable tension.

2

-

5 .0°

0. 500

=12 .2(m /s)

Calculate the tension of the cord
when speed of the ball is 5.00m/s.

T=m—=0.500"

V2

r

(5.00)
1.5

=8.33(N)
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Forces In Non-uniform Circular Motion

The object has both tangential and radial
accelerations.

What does this statement mean?

The object is moving under both
tangential and radial forces.

'F  —— —_— e

t F=F +F

r

These forces cause not only the velocity but also the speed of the ball to
change. The object undergoes a curved motion under the absence of
constraints, such as a string.
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Example 6.8

A ball of mass m is attached to the end of a cord of length R. The ball is moving in a

vertical circle. Determine the tension of the cord at any instant when the speed of
the ball is v and the cord makes an angle g with vertical.

What are the forces involved in this motion?

m The gravitational force F; and the
T radial force, T, providing tension.
R il a F,=ma, =mg sn q
a, = gsnq
o V2
a F, =T - mg cos q :mar:mF

2

T :maev—+gcosq
¢ R

Q |-I-O:

At what angles the tension becomes maximum and minimum. What are the tension?
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Motion In Accelerated Frames

Newton’s laws are valid only when observations are made in an
inertial frame of reference. What happens in a non-inertial frame?

Fictitious forces are needed to apply Newton’s second law in an accelerated frame.

This force does not exist when the observations are made in an inertial reference frame.

What does
this mean
and why Is
this true?

Let’s consider a free

ball inside a box under uniform circular motion.

Feb. 4, 2002

How does this motion look like in an inertial frame (or
frame outside a box)?

We see that the ball has a radial force exerted on it.

How does this motion look like in the box?

The ball is tumbled over to the wall of the box and feels
that it is getting force that pushes it toward the wall.

According to Newton’s first law, the ball wants to

Why?

continue on its original movement but since the box is

turning, the ball feels like it is being pushed toward the

wall relative to everything else in the box.
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Example 6.9

A ball of mass m is is hung by a cord to the ceiling of a boxcar that is moving with an
acceleration a. What do the inertial observer at rest and the non-inertial observer

traveling inside the car conclude? How do they differ?

g

o

Frame

Inertial 7 /CII
9

F,=mg

J /QI
|:fic
EFg:mg

Feb. 4, 2002

Non-Inertial
Frame

—

This is how the ball looks like no matter which frame you are in.

How do the free-body diagrams look for two frames?

_— —

4 F=F, +T
é F,.=ma, =ma_ =T4d4n q
é F,=Tcosqg-mg =0
T = mg a,=gtan ¢
cos q

P ——
an g+T+FfIC
é. F =Tsinq- F;.=0; Fy.=mag, =Tsing
a F, =Tcogy - mg=0
T:ﬂ’ aflc:gtmq

cogy
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‘ How do the motions interpreted in these two frames? Any differences?

For an inertial frame observer, the forces
being exerted on the ball are only T and F,.
The acceleration of the ball is the same as
that of the box car and is provided by the x
component of the tension force.

In the non-inertial frame observer, the forces
being exerted on the ball are T, Fy, and F.

For some reason the ball is under a force,
F., that provides acceleration to the ball.

While the mathematical expression of the
acceleration of the ball is identical to that of
inertial frame observer’s, the cause of the
force is dramatically different.




Motion in Resistive Forces

Medium can exert resistive forces on an object moving through it due
to viscosity or other types frictional property of the medium.

| Some examples? Air resistance, viscous force of liquid, etc |

These forces are exerted on moving objects in opposite direction of the movement. |

These forces are proportional to such factors as speed. They almost always
increase with increasing speed.

Two different cases of proportionality:
1. Forces linearly proportional to speed: Slowly moving or very small objects
2. Forces proportional to square of speed: Large objects w/ reasonable speed
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Resistive Force Proportional to Speed

‘ Since the resistive force Is proportional to speed, we can write R=pbv ‘

R | Let’s consider that a ball of mass m is falling through a liquid. |
v dF=FrR N This equation also tells you that
l mg aF =0 éFy=m\Zj-bv=rra=mE
®_g-2y dv _ L e =
dt n E—Q'EV—Q,WGHV—

Increases and the acceleration decreases, eventually reaching 0.

The above equation also tells us that as time goes on the speed @hat does this mean?

An object moving in a viscous medium will obtain speed to a certain speed (terminal speed)
and then maintain the same speed without any more acceleration.

What iS the V= ?- e'%g, v=0when t =0;
terminal speed How do the speed b g

The time needed to
reach 63.2% of the

: _Gv_mg b wg X _ . .
nabove case? | SIOIOMAOT | = e 66T aT o 1200 el e
' dv_mg b iy mg b o We_ b
B B =1 T o we T b m& re” g9 v | constant t=mib
dt
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Example 6.11

A small ball of mass 2.00q is released from rest in a large vessel filled with oll,
where it experiences a resistive force proportional to its speed. The ball reaches a
terminal speed of 5.00 cm/s. Determine the time constant t and the time it takes the
ball to reach 90% of its terminal speed.

R Determine the

@ time constant t.

'}
Vmg

Determine the time it takes
the ball to reach 90% of its
terminal speed.

Feb. 4, 2002

_ g
b
\ p= MY 2.00" 10 *kg *9.80m/ s
V, 500" 10°*m/s
2.00” 10 3kg
0.392kg /s

Vi

=0.392kg /s

=5.10" 10 3s

m
t =—=
b

_ g -6 X6
v=—2@8. et 0=y@-e 10
bgf1 @ tgi @
s
0.9v, = vtgi- e /%
'gi- e'%%= 0.9: e X =01

t=-t ¥n0.1=2.30t =2.30>6.10" 10" ° =11.7(ms)
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