


Speed/Velocity in a Circle 
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Consider an object moving in a circle around 

a specific origin. The DISTANCE the object 

covers in ONE REVOLUTION is called the 

CIRCUMFERENCE. The TIME that it takes to 

cover this distance is called the PERIOD. 

Speed is the MAGNITUDE of the 

velocity. And while the speed may be 

constant, the VELOCITY is NOT. Since 

velocity is a vector with BOTH 

magnitude AND direction, we see that 

the direction of the velocity is ALWAYS 

changing. 

We call this velocity, TANGENTIAL velocity as 

its direction is draw TANGENT to the circle. 
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Circular Motion & N.S.L 
Let’s recall some facts! 

1. Velocity is a VECTOR 

2. Vectors have magnitude & 

direction 

3. Acceleration is defined as the 

RATE of CHANGE of VELOCITY! 

4. According to Newton’s 2nd Law. 

Acceleration is DIRECTLY 

proportional to the force. Fnet a 

acc 
What can we conclude?  

•If it is moving in a circle, the DIRECTION of velocity is changing 

•If the velocity is changing, we have an acceleration 

•Since we are PULLING towards the CENTER of the CIRCLE, we 

 are applying a NET FORCE towards the CENTER. 

•Since we have a NET FORCE, MUST have an ACCELERATION. 

 



Centripetal Acceleration 

r

v
a

T

r
v cc

22



We define this inward acceleration as 

the CENTRIPETAL ACCELERATION. 

Centripetal means “CENTER 

SEEKING”.  

So for an object traveling in a 

counter-clockwise path. The 

velocity would be drawn TANGENT 

to the circle and the acceleration 

would be drawn TOWARDS the 

CENTER. 

 

To find the MAGNITUDES of each 

we have: 
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Circular Motion and N.S.L 
 Recall that according to 

Newton’s Second Law, 
the acceleration is 
directly proportional to 
the Force. If this is true: 
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Since the acceleration and the force are directly 

related, the force must ALSO point towards the 

center. This is called CENTRIPETAL FORCE. 

NOTE: The centripetal force is a NET 

FORCE. It could be represented by one or 

more forces. So NEVER draw it in an F.B.D. 



Example 
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A Ferris wheel with a diameter of 

18.0 meters rotates 4 times in 1 

minute.  a) Calculate the velocity of 

the Ferris wheel. b) Calculate the 

centripetal acceleration of the 

Ferris wheel at a point along the 

outside. c) Calculate the centripetal 

force a 40 kg child experiences. 
3.77 m/s 

1.58 m/s2 

63.17 N 

63.17 N 



Centripetal Force and F.B.D’s 
 The centripetal force is ANY force(s) which point toward 

the CENTER of the CIRCLE. 

Gravitron the ride 
Let’s draw an FBD. 

mg 

Ff 

Fn 

What is the Fc? 

Fn 



Centripetal Force and F.B.D’s 
Rounding a curve Let’s draw an FBD. 

mg 

Fn 

Ff 

What is the Fc? 

Ff 



Centripetal Force and F.B.D’s 

Fg 

What is the Fc? 

Fg 

The earth in orbit around the sun 



Centripetal Force and F.B.D’s 
Tether ball 

mg 

T 

Tcosq

Tsinq

What is the Fc? Tsinq



Torque 
 Torque is another rotational analog 

to Newton's’ laws, specifically 
Newton’s first and second law. 

Situation N.F.L. (balanced) N.S.L (unbalanced) 

Linear – forces are 

balanced or 

unbalanced 

The object must be at 

rest or moving at a 

constant speed 

The object accelerates. 

It will move in the 

direction of the larger 

force. It will have a 

NET FORCE. 

Rotationally –torques 

are balanced or 

unbalanced 

The object(s) will NOT 

move in a circle. They 

will stay at rest only.  

The object will move in 

a circle in the direction 

of the larger torque. It 

will have a TORQUE 

NET. 



What is Torque? 
Torque is defined as the Force that is applied TANGENT to the 

circle and at some lever arm distance causing rotation around a 

specific point. 
Lever Arm Distance, r 

POR – Point of Rotation 

Circular Path of the handle 



Torque TWO THINGS NEED TO BE 

UNDERSTOOD: 

 

1) The displacement from a point  

of rotation is necessary. Can 

you unscrew a bolt without a 

wrench? Maybe but it isn't 

easy. That extra distance 

AWAY from the point of rotation 

gives you the extra leverage 

you need.THUS we call this 

distance the LEVER(EFFORT) 

ARM (r) . 
 2) The Force MUST be perpendicular to the displacement. 

Therefore, if the force is at an angle, sinq  is needed to meet 

the perpendicular requirement. 



Equation for Torque 

• Anytime you have TWO VECTORS which MUST be 

perpendicular you have what is called a  CROSS PRODUCT. The 

MAGNITUDE  of the torque can be found using the equation 

above. The direction, however, requires some thought.  
• Counterclockwise rotation is considered to be POSITIVE which 

causes OUT OF THE PAGE torque. The direction of the torque is 

considered to be the direction that the BOLT moves. The bolt is 

being loosened. 

• Clockwise rotation is considered to be NEGATIVE which causes 

INTO THE PAGE torque. The bolt is being tightened down in this 

case. 

We use the Greek letter, TAU 



Example 
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A 150 kg man stands 2 m from 

the end of a diving board. How 

much torque does he apply at the 

bas where the board is attached 

assuming the board remains 

horizontal? 

2,940 Nm 

Torque takes the units of 

Force and Displacement 



Torque and N.F.L. – “Rotational Equilibrium” 

 According to Newton's first 
law, if an object is at rest it 
can be said to be in a state 
of static equilibrium. In 
other words, all of the 
FORCES cancel out to that 
the net force is equal to 
zero. Since torque is the 
rotational analog to 
force we can say that if a 
system is at rest, all of 
the TORQUES cancel out.  

r1 r2 



Static Equilibrium Example 
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Suppose a 4600 kg elephant were 

placed on a see-saw with a 0.025 

kg mouse. The elephant is placed 

10 meters from the point of 

rotation. How far from the point of 

rotation would the mouse need to 

be placed so that the system 

exists in a state of static 

equilibrium? 

1.84 x 106 m  or 1433 miles 

(certainly not practical) 



Unbalanced Torques 
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Find the net torque on the wheel in 

Figure about the axle through O, 

taking a = 8.00 cm and b = 25.0 cm.  
You might be tempted to use the 30 

degrees in the figure. But the 12 N 

force is perpendicular to radius “a” 

and thus the angle between them is 

90. 

0.96 Nm 

4.75 Nm 

3.79 Nm cw 

Note: Writing the answer as -3.79 Nm implies that the direction is clockwise. 



Example 
POR 

A hungry 700 N bear walks out on a 

beam in an attempt to retrieve some 

goodies hanging at the end. The 

beam weighs 200 N and is 6.00 m 

long; the goodies weigh 80 N (a) 

Draw a free body diagram, (b) When 

the bear is at 1.00 m. find the tension 

in the wire. 

These are forces at the hinge 

The weight of the beam 

itself is drawn at its 

center of mass 



Example 
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A hungry 700 N bear walks out 

on a beam in an attempt to 

retrieve some goodies hanging at 

the end. The beam weighs 200 N 

and is 6.00 m long; the goodies 

weigh 80 N (a) Draw a free body 

diagram, (b) When the bear is at 

1.00 m. find the tension in the 

wire. 

342.56 N 





Centripetal Acceleration 
Making things “go round in circles” 

 An object that moves in a circle at constant speed is 
accelerating. 

 The acceleration is called centripetal acceleration, since 
it is toward the center of the circle. 

 A force toward the center of a circle that causes 
centripetal acceleration is called a centripetal force. 

 Centripetal force is not a new force.  It is just the name for any 
force, like tension or gravity, that points toward the center of a 
circle. 



Centripetal Acceleration 
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 It can be shown from the definition of acceleration and 
geometry that the magnitude of a centripetal 
acceleration is given by 

 

 

 

 Thus, using F = m a, we get  

 

d.accelerate beingobject  of mass 
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Centripetal acceleration 
practice problem 1 

 A cylindrical space station with a 115 m radius rotates 
about its longitudinal axis at a tangential speed of 33.6 
m/s.  What is the centripetal acceleration at the inside 
surface of the space station? 

 Ans. :  9.8 m/s2 

  See Practice 7G, p. 258, # 1 & 2 

 



Centripetal force practice problems 
 The Moon (mass = 7.36 x 1022 kg) orbits the Earth at a 

range of 3.84 x 105 km, with a period of 28 days.  What 
is the magnitude of the force that maintains the 
circular motion of the Moon? 

 Ans.  1.9 x 1020 N.   



Mark Lesmeister 

Pearland ISD Physics 



How Do We Know the Earth Goes 
Around the Sun? 
 One answer is retrograde motion.   

 The planets appear to change positions relative to the 
stars from night to night. 

 Usually the motion is west to east.  However, sometimes 
the planets appear to move east to west for a while. 

 A heliocentric (sun-centered) system explains this 
quite simply. 



Retrograde Motion 
 Retrograde Motion.htm 

Retrograde Motion.htm


Tycho Brahe 
 Born Dec. 14, 1546 in a noble 

Danish family. 

 Observed a “new star” in 
Cassiopeia in 1572. 

 Built an observatory known as 
Uraniborg on the island of 
Sven.  Created a detailed 
catalog of the heavens. 

 Moved to Prague in 1599.  
From 1600 to 1601, assisted by 
Johannes Kepler. 

 Died October 24, 1601 
 

 
Picture credit: 

Wikipedia 



Tycho’s contributions to astronomy 
 “De Stella Nova” 

 Argued against “immutability” 

 Gave us the name “nova”. 

 Tychonic system 

 Represented a depature from the strict “geocentric” view of the 
universe to a mixture of heliocentric and geocentric systems. 

 Systematic observation of the heavens. 

 Extensive catalog of planetary motions enabled Kepler to 
formulate his three laws. 

 



Johannes Kepler 
 Born Dec. 27, 1571. 

 As a boy, he saw a comet in 1577 
and a lunar eclipse in 1580.  

 Taught in Graz, Austria from 1594 
to 1600. 

 Worked with Tycho in Prague 
from 1600 to 1601. 

 Appointed Imperial 
Mathematician in 1601. 

 Became Provincial Mathematician 
in Linz in 1612. 

 Died November 15, 1630. 

Picture credit: 

Wikipedia 



Kepler’s contributions to astronomy 

 Used Tycho’s data to formulate three laws of planetary 
motion. 
 The planets move in elliptical orbits with the Sun at one 

center of the ellipse. 

 The planets trace out equal areas in equal times. 

 The square of a planet’s period is proportional to the 
cube of its distance from the sun.  T2 ~ r3 

 



Kepler’s First and Second Law 
 Here is an animated visualization of Kepler’s first two 

laws. 

 http://www.surendranath.org/Applets/Dynamics/Kepl
er/Kepler1Applet.html 

http://www.surendranath.org/Applets/Dynamics/Kepler/Kepler1Applet.html
http://www.surendranath.org/Applets/Dynamics/Kepler/Kepler1Applet.html


Isaac Newton 

 Born 4 Jan. 1643 (or 1642 o.s.) 
 Higher education at Trinity 

College, Cambridge. 
 While away from Cambridge, 

because of the plague, began 
to formulate laws of motion 
and gravity. 

 Became Lucasian professor of 
physics in 1669. 

 Published   Philosophiae 
Naturalis Principia 
Mathematica in 1687. 
 

Picture credit: 

Wikipedia 



Kepler’s work helped prove Newton’s ideas 

 Each of Kepler’s Laws can be derived as a consequence 
of Newton’s 2d Law of Motion and Newton’s Law of 
Gravity. 

 The triumph of Newton’s work is that it demonstrated 
the motions of the heavens and the motions of things 
on Earth are subject to the same laws. 

 



Deriving Newton’s Law of 
Gravity 
 Centripetal acceleration: 

 

 Centripetal force: 

 

 Kepler’s 3rd Law, alternate 
form 

 

 Law of Planetary 
Gravitation 
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Newton’s Law of Universal Gravitation 
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Practice Problems 
 Find the gravitational force exerted on the moon (mass = 

7.36 x 1022 kg) by the Earth (mass = 5.98 x 1024 kg) when 
the distance between them is 3.84 x 108 m. 

 Given that Earth’s average distance from the sun (mass = 
1.99 x 1030 kg) is 1.50 x 1011 m, find the net gravitational 
force exerted on the moon by the sun and the Earth 
during a lunar eclipse (when the Earth is between the 
sun and the moon.) 


