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«  Uniform Circular Motion

«  Centripetal Acceleration and Force
«  Banked and Unbanked Road

«  Satellite Motion

«  Work done by a constant force

«  Work-Kinetic Energy Theorem
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Announcements

* You will receive 100% for problems #3 in HW#4
since the computer answer Is incorrect but | strongly
suggest you to do this problem.

« Second term exam
— 8 — 10am, Tuesday, June 17, in SH103
— Covers CH4.1 — What we finish this Thursday, June 12

— Practice test will be posted on the class web page
 No answer keys will be posted

— Dr. Satyanand will conduct a help session 8 — 10am,
Monday, June 16 in class
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The Uniform Circular Motion

Uniform circular motion is the motion of an object
traveling at a constant speed on a circular path.
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Speed of the uniform circular motion

Let T be the period of this motion,
the time it takes for the object to
travel once around the circle whose

radius Is r.

__distance

 time
27T
T
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Ex. 1. A Tire-Balancing Machine

The wheel of a car has a radius of 0.29m and Is being rotated at
830 revolutions per minute on a tire-balancing machine.
Determine the speed at which the outer edge of the wheel is
moving.

1

830 revolutions/min

= 1.2x107° min/revolution

T =1.2x10"° min=0.072 s

v 2zr _ 27(0.29 m) _25m/s

T 0.072 s
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Centripetal Acceleration

In uniform circular motion, the speed Is constant, but the direction
of the velocity vector Is not constant.
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(a) Change of the direction of the velocity
vector is the same as the angle the circular
motion covers during the time period.
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The Centripetal Acceleration
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Always toward the center of circle! | | Centripetal Acceleration
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Newton'’s Second Law & Uniform Circular Motion

The centripetal * acceleration is always perpendicular to the
velocity vector, v, and points to the center of the axis (radial

\\\\ direction) in a uniform circular motion,
t ‘ Vv 2]
\\ ,I a c —_
\ /I r

/
_»7 Are there forces in this motion? If so, what do they do?

The force that causes the centripetal acceleration

2
acts toward the center of the circular path and g B Vv
causes the change in the direction of the velocity Z = Ma, = M—
vector. This force is called the centripetal force. r

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

The external force no longer exist. Therefore, based on Newton’s 1st
law, the ball will continue its motion without changing its velocity and will
fly away following the tangential direction to the circle.
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The bobsled track at the 1994 Olympics in Lillehammer, Norway, contain
turns with radii of 33m and 24m. Find the centripetal acceleration at
each turn for a speed of 34m/s, a speed that was achieved in the two —
man event. Express answers as multiples of g=9.8m/s?.

Centripetal acceleration:

R=33m
a, . =2k =35m/s? = 3.6

R=24m
(34)°

A _oam 7~ = 48 m/52 =4.99
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Example of Uniform Circular Motion

A ball of mass 0.500kg is attached to the end of a 1.50m long cord. 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?

2
Centripetal q = V_
acceleration: r r
When does the V 2
string break? Z Fo=ma, =m—>T

I

when the required centripetal force is greater than the sustainable tension.

2
n Yo e /Tr \/50 0x1.5 _12.2(m/s)
r 0.500

2
Calculate the tension of the cord (5.00)
T = ——0.500 =8.33(N
when speed of the ball is 5.00m/s. r - (N)
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Unbanked Curve and the Centripetal Force

On an unbanked curve, the static frictional force provides
the centripetal force.

Static
frictional
force
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Banked Curves

On a frictionless banked curve, the centripetal force is the
horizontal component of the normal force. The vertical
component of the normal force balances the car's weight.

Ce
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EXx. 8 The Daytona 500

The Daytona 500 is the major event of the NASCAR season. It is held at the Daytona
International Speedway in Daytona, Florida. The turns in this oval track have a maximum
radius (at the top) of r=-316m and are banked steeply, with 6=31°. Suppose these

maximum radius turns were frictionless. At what speed would the cars have to travel
around them?

V2
> F,= Fysind-m—=0
I

ypy = F,cosd-mg =0

vy Ve

tan @ = =
par  gr
Ce X
v = grtané
b V= ./grtané =

{a) (b)

/9.8:316tan (31°) = 43m/s =
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Example of Banked Highway

(a) For a car traveling with speed v around a curve of radius , determine the formula

for the angle at which the road should be banked so that no friction is required to
keep the car from skidding.

2

=0

xcomp. | F, = Fysind—ma, = F_ sing -
2

;
: mv
F,sIn@ =
r

y comp. ZFy: F,cosd—-mg= 0 FyCc0s€&=mg

mg . mgsinéd mv? v°
= F, sinf= = mgtanf=— |tand=—
cosd " cosd r gr

(b) What is this angle for an expressway off-ramp curve of radius 50m at a design
speed of 50km/h?

2
v=50km/hr =14m/s  tan@ = 14) =0.4 6 = tan 1(0.4) = 22°
50x9.8
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Satellite in Circular Orbits
There Is only one speed that a satellite can have If the

satellite I1s to remain in an orbit with a fixed radius.

What is the centripetal force?
The gravitational force of the earth

L pulling the satellite!
o d 'l ™~ i, 2
P wly R
3 \ — Gravitational mM E Vv
A Xy b force FC =G > — m—
: ; -m\ ‘-.\ r r-
|
F 2 G M E
/ V =
/ r
r E
X
., 2 . ) // V — \/G IVI E
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Ex. 9 Orbital Speed of the Hubble Space Telescope

Determine the speed of the Hubble Space Telescope
orbiting at a height of 598 km above the earth’s surface.

V = GM E
\ or

(66710 N-1’/kg? ) (5.98x10%kg)
) 6.38x10°m+598x10°m
=7.56x10°mys  (16900mi/h)
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Period of a Satellite in an Orbit

GM 27TY
Speed of a satellite V= \/ e _ 2t
r T
2 3
GME . 27Z-r 2 Square either side T2 — (272-) r
r — ? and solve for T2 GME
2712
Period of a satellite T =
JGM,

This is applicable to any satellite or even for planets and moons.
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Geosynchronous Satellites
Global Positioning System (GPS)

Small dish

antenna}ff—/ 5
& TV signals fr + e
m synchronou o

satellite

What period should these
satellites have?

The same as the earth!! 24 hours

Equator

\
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Ex.12 Apparent Weightlessness and Free Fall
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Ex.13 Artificial Gravity

At what speed must the surface of the space station move so
that the astronaut experiences a push on his feet equal to his
weight on earth? The radius is 1700 m.

V2

FC:m—: mg
I

v=/rg

— \/(1700 m)(9.80m/s*)
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Work Done by a Constant Force

A meaningful work in physics is done only when a sum of

forces exerted on an object made a motion to the object.

Free Body
Diagram

Which force did the work? Force F Why?
. n N-m
How much work did it do? W =(ZF) d=Fdcos® " -3 (fordouie

Physically meaningful work is done only by the component

' ?
What does this mean’ of the force along the movement of the object.
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Work Done by a Constant Force

W =Fs
1N-m =1 joule (J)

Table 6.1 Units of Measurement for Work

System Force X Distance = Work

S1 newton (N) meter (m) joule (J)

CGS dyne (dyn) centimeter (cm) erg

BE pound (1b) foot (ft) foot - pound (ft- 1b)
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Work done by a constant force

F F
| |
# i
F F 4
F F 4
i F
F 4
Ao A0
() e’ [ (05 0 Q=" [ 05 0
: —
(b)
0
cosO" =1

cos90°= 0
cos180° = -1
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Ex. 1 Pulling A Suitcase-on-Wheel

Find the work done by a 45.0N force in pulling the suitcase in the
figure at an angle 50.0° for a distance s=75.0m.

W = (ZE)H’:‘(Z E)COS&’HE‘

:(45.0-cos50°)-75.0=2170J

(i)

Does work depend on mass of the object being worked on? Yes

Why don't | see the mass It is reflected in the force. If an object has smaller
term in the work at all then? | | mass, it would take less force to move it at the same

acceleration than a heavier object. So it would take
g | less work. Which makes perfect sense, doesn't it?
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