Goals for Chapter 5

* To use Newton’s first law for bodies in
equilibrium

¢ Touse Newton’s second law for
accelerating bodies

* To study the types of friction and fluid
resistance

* To solve problems involving circular
motion
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Introduction

= We’ll start with equilibrium, in which a body is at rest or
moving with constant velocity.

= Next, we'll study objects that are not in equilibrium and
deal with the relationship between forces and motion.

= We’ll analyze the friction force that acts when a body
slides over a surface.

Particles in Equilibrium

If the acceleration of an object that can be
modeled as a particle is zero, the object is said to
be in equilibrium

* The model is the particle in equilibrium model

Mathematically, the net force acting on the object

is zero
* We’ll analyze the forces on a body in circular motion at -
constant speed. ZF =0
2 F,=0and ) F, =0
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Two-dimensional equilibrium : Example Equilibrium, Example 2

= A car engine hangs from several chains.

*Find the expression for the tension in each of three chains
in terms of w

(@) Engine, chains, and ring (b) Free-hody (c) Free-body
dingram for engine divgram for ring

[ A
T, Taysinb0®
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Find tension in each
cable if the weight of
street lamp is 122 N
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Inclined Planes

Forces acting on the object:
The normal force acts perpendicular to
the plane "
The gravitational force acts straight /
down =2

Choose the coordinate system with x
along the incline and y perpendicular
to the incline

Replace the force of gravity with its
components

i
mg cos § .'}"l
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A car on an inclined plane

An car of weight w rests on a slanted ramp attached to a trailer.
Only a cable running from the trailer prevents the car form rolling
off the ramp. Find the tension in the cable and the force that the
ramp exerts on the car’s tires. W = mg

T-mgsina=0 T=mgsina

n-mgcose. =0 n=mgcosa.

{a) Car on ramp {b) Free-body diagram for car
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Incline plane. Object not in equilibrium: £F =ma

* What is the acceleration of a toboggan loaded with students
of total mass of 500 kg sliding down a friction-free slope?
Assume a =150,

(@) The situntion (b) Free-body diagram for toboggan
¥
\\ Oy
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Multiple Objects. Bodies connected by a cable and pulley

A S00-N cart 1s connected to a bucket by a cable passing over a
pulley. What mass ol'the bucket is needed lor the svstem to move up
the 13" melime with constant speed?

woseparate lree-body dingrams Tor the bucket und the cant

v Newlon's second law £F = mag, £F. = ma, for each ¢l

(d) Free-body
{a) Dirt-filled bucket pulls car with granise block diagram for cart

Comgyright £ 20

Multiple Objects, Example

Find the magnitude of the .
acceleration of the system if m,=2kg
m, =5.5 kg, incline angle 6= 32°.

Draw the free-body diagram for each object
Che cordd, so tension s the same for both ohjects

Clannerted, so aeceleration s the same o ol obijee
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Frictional forces

« When a body rests or

Comact force

slides on a surface, the -
[riction force is parallel et
to the surface. _'{_..n.\h.., -
i

» Friction between two
surfaces arises from -
interactions between
molecules on the
surfaces.
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Kinetic and static friction

* Kinetic friction acts when a body slides over a
surface.

* The kinetic friction force is fi = wn.

* Static friction acts when there is no relative motion
between bodies.

* The static friction force can vary between zero and
its maximum value: f; < ugn.
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Static friction followed by Kinetic friction

*  Before the box slides, static friction acts. But once it starts to shide,
kinetic friction acts.

) ) &) » Wy
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Some approximate coefficients of friction

Table 5.1 Approximate
Coefficients of Friction
Coefficient  Coelficient
of Stutic of Kinetic

Materials Friction, p, Friction, gy
Steel on steel 074 0,57
Aluminum oo steel 0.6l 047
Capper on steel 053 036
Bruss on steel 051 044
Zinc on cast iron 085 021
Capper on cast iron 108 029
Gloss om glass 1594 0,40
Copper on ghiss 068 033
Teflan on Tefoan 004 .04
Tefton on steel 004 0.4
Rubber on conerete (K1) 03
tdryy
Rubber on concrete 0,30 025
[wed)
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Friction in horizontal motion

To start a 500-N crate moving across a level floor you have to pull
with a 230-N horizontal force. Once the crate starts to move, you
can keep it moving at constant speed with only 200N. What are the
coefficients of static and kinetic friction?

Before the crate moves, static friction acts on it. After it starts to move,
kinetic friction acts.

{a) Pulling o crute (b) Free-body disgram  {c) F
fior crate just before it for

se-hody dingram
e moving at

SEOrts o move constant speed
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Friction - Example

Find the coefficient of static
friction force if the block /
starts to slide down at an

Il

angle of 12.50 *
T,
w&c";‘iﬂg.\l" L

u(

.
; g =3
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Motion on a slope having friction

{a) The sinaion (b Frow-udy thisgram for ioboggan

What is the acceleration of a

toboggan loaded with students S B
of total mass of 500 kg sliding ‘%
down a slope? Assume a=15° S
and coefficient of kinetic friction =
the slope 1, =0.08.
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Friction, Example

A hockey puck on a frozen pond is i Mo

given an initial speed of 12 m/s. If the
puck slides 60 m before coming to rest,
determine the coefficient of kinetic
friction between the puck and ice.

g
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Friction, Example

¥ y Fsin @

s, af ¥
A T bl

e F oo
T S
g g

ih) [15]

stem of m, =5 kg, m; = 1.5 kg,

F=25N, p, =0.12, and 8 = 280
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Pulling a crate at an angle

=The angle of the pull affects the normal force, which in turn affects
the friction force.

*How hard must you pull the crate to keep it moving with constant
velocity? Assume py, = 0.4
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Fluid resistance and terminal speed

(8) Free-body disgrans for Falling with sir drag

* The fluid resistance on a body
depends on the speed of the , 2=
b(}dy rm.-- < mg

A falling body reaches its
terminal speed when the
resisting force equals the
weight of the body.

= The figures at the right
illustrate the effects of air
drag.
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Dynamics of circular motion

« Ifa particle is in
uniform circular
motion, both its
acceleration and the
net force on it are
directed toward the e i 7
center of the circle. I L

» The net force on the
particle is F = mv2/R.
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What if the string breaks?

= If the string breaks, no net force acts on the ball, so it
obeys Newton’s first law and moves in a straight line.
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Force in uniform circular motion

» A sled on frictionless ice is kept in uniform circular

motion by a rope.

. F =
(a) A sled in uniform circular motion (b} Free-body diagram
for sled
¥
A
n
Orad
F
X —e—e
We |\|||||.I the positive
firection toward the
center of the circle. y
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A conical pendulum

A bob at the end of a wire moves in a horizontal circle

with constant speed.

() The situation (b) Free-body diagram
for pendulum bob

on Loward the

r of the circle
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A car rounds a flat curve

= A car rounds a flat unbanked curve of radius R=65 m.
What is its maximum speed il the pu _=0.58 ?

{a} Car rounding flat curve {b) FreeBody
dingrum far car
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A car rounds a banked curve

» At what angle should a curve be banked so a car can

make the turn even with no friction?

(@) Car rounding hanked curve (b) Free-body
diagram for car
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Uniform motion in a vertical circle

* A person on a Ferris wheel moves in a vertical circle.

Top: n-w=-ma, n = w-ma,
Bottom: n-w = ma, n=w-+ma,

(@) Sketch of two positions  (b) Free-body diagram

for passenger at op
(c) Free-body diagram
for passenger at bottom
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