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This is an extract from 'Real Life Examples in Dynamics: Lesson plans and solutions' edited by 

Eann A. Patterson, first published in 2006 (ISBN:978-0-615-20394-2) which can be obtained on-

line at www.engineeringexamples.org and contains suggested exemplars within lesson plans for 

Sophomore Solids Courses.  Prepared as part of the NSF-supported project (#0431756) entitled: 

“Enhancing Diversity in the Undergraduate Mechanical Engineering Population through 

Curriculum Change".   

 

INTRODUCTION  

(from 'Real Life Examples in Dynamics: Lesson plans and solutions') 

These notes are designed to enhance the teaching of a junior level course in dynamics, increase 

the accessibility of the principles, and raise the appeal of the subject to students from diverse 

backgrounds.  The notes have been prepared as skeletal lesson plans using the principle of the 

5Es: Engage, Explore, Explain, Elaborate and Evaluate.  The 5E outline is not original and was 

developed by the Biological Sciences Curriculum Study
1
 in the 1980s from work by Atkin and 

Karplus
2
 in 1962.  Today this approach is considered to form part of the constructivist learning 

theory and a number of websites provide easy-to-follow explanations of them
3
.   

These notes are intended to be used by instructors and are written in a style that addresses the 

instructor, however this is not intended to exclude students who should find the notes and 

examples interesting, stimulating and hopefully illuminating, particularly when their instructor is 

not utilizing them.  In the interest of brevity and clarity of presentation, standard derivations and 

definitions are not included since these are readily available in textbooks which these notes are 

not intended to replace but rather to supplement and enhance.  Similarly, it is anticipated that 

these lessons plans can be used to generate lectures/lessons that supplement those covering the 

fundamentals of each topic. 

It is assumed that students have acquired a knowledge and understanding of topics usually found 

in a Sophomore level course in Statics, including free-body diagrams and efficiency. 

This is the second in a series of such notes.  The first in the series entitled ‘Real Life Examples in 

Mechanics of Solids’ edited by Eann Patterson (ISBN: 978-0-615-20394-2) was produced in 

2006 and is available on-line at www.engineeringexamples.org. 
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PLANE MOTION OF RIGID BODIES 

 

7. Topic: Forces & acceleration 

 

Engage:  

Ride your bike into class, apply the front brakes too hard so that the rear wheel just begins to lift 

off the ground.  Wear a helmet! 

 

Explore:  

Dismount from your bike and standing on the floor, demonstrate 

how applying the front brakes when gripping the handle-bars 

causes the rear wheel of the bike to lift off the floor.  Use a 

mountaineering karabiner or other similar clip to suspend a 

backpack of books on the bike saddle.  Invite members of the 

class, standing on the floor, to repeat the demonstration with 

different numbers of books in the backpack and with backpack 

suspended at different locations.  Talk about the moment of 

inertia as a measure of the resistance of a body (the bike and 

backpack in this case) to angular acceleration (tendency for the 

rear wheel to lift in this case) in the same way that mass is a 

measure of body’s resistance to acceleration (i.e. Newton’s 

Second Law). 

 

Explain : 

When the front brake is locked so that there is no motion of the front wheel relative to the bike, 

then the bike (including the front wheel) and backpack rotate about the point on the front wheel 

that is in contact with the road, i.e. A 

 

 

 

 

 

 

 

The moment of inertia of a body of mass, m about an axis is:  
m

dmrI 2   

where r is the perpendicular distance from the axis to an arbitrary element dm.  The moment of 

inertia for a solid cuboid of height h, width, w depth d and mass m is: 

G

1.2m

A

G

1.2m
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 22

12
dw

m
I h   

where Ih is the moment of inertia about the axis through the center of mass parallel to the height 

dimension.  So, for a pile of textbooks in a backpack of mass 3.8 kg and of dimensions 

0.120.210.26m:  

     035.026.021.0
12

8.3

12

2222  dw
m

Ih kg.m
2
 

When the moment of inertia, IG about the body’s center of mass is known then the moment of 

inertia, I about any other parallel axis is given by the parallel axis theorem: 

 2mbII G   

where b is the perpendicular distance between the axes. So if we assume that the center of mass 

of the backpack is at the location, G in the diagram above then, its moment of inertia about A, IA 

is given by: 

51.547.5035.0)2.18.3(035.0 22  mbII GA kg.m
2
 

We neglected the moment of inertia of the backpack but this is inconsequential because the 

second term in the expression above dominates and location of the backpack and the mass of the 

books has a huge effect on the resistance to rotational acceleration. 

 

Elaborate 

The equation of rotational motion is given by:   GG IM  

where the moments MG are considered about an axis through the center of mass and  is the 

angular acceleration of the body.  

When a child rolls down a steep grassy bank (roly-poly) we can calculate their acceleration by 

using the above expression and a few simplifying assumptions.  Let us assume that the child has 

uniform radius of 0.15m, a mass of 40kg and a moment of inertia of 0.8kg.m
2
; that the grassy 

bank has a 45 degree slope ( =45) and that we can represent the child by a cylinder or imagine 

them in a plastic pipe. 

Then, draw a free body diagram: 
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Considering motion about C, the equation of rotational motion is: 

   IrmamgrM c )(sin  

Now, the linear acceleration is, a= r and the radius of gyration, k is defined by I = mk
2
, so

  2)(sin mkrmrmgr   

rearranging 
22

sin

kr

gr





  

and  
 

67.3
408.015.0

45sin81.915.0sin
2

2

22

2










kr

gr
a


 ms

-2 

If the child starts from rest and the bank is 5m high then their velocity at the bottom can be 

calculated from:  

asuv 222   

i.e. 1.6567.322  asv m/s  

so the child will have a speed of 6.1 m/s (13.6 mph) at the bottom of the grassy bank.  

 

Evaluate 

Ask students to attempt the following example: 

Example 7.1 

A pizza cutter is pushed through a thick crust pizza using a handle held such that the driving 

force is at 45 degrees to the cutting board.  The cutting wheel and handle have a total mass of 

500g. The blade is of radius 50mm with an average thickness 0.5mm and the cylindrical handle 

is 180mm long with a radius of 15mm.  The coefficient of friction between the pizza and the 

blade is 0.01 and it can be assumed that the pizza exactly opposes the magnitude of the driving 

force with a force acting towards the axis of the cutting wheel at 10mm above the cutting board.  

Calculate the constant driving force required to cut through a pizza 30cm wide exiting at a 

velocity of 1.5m/s from a standing start – is this viable for a 12 year old child? 

Solution: 

Volume of pizza cutter wheel,  

622 1093.30005.005.0   trV m
3
 

So for stainless steel of density, = 8000 kg.m
-3

,  

the mass of the pizza cutter wheel is  

031.01093.38000 6  Vm  kg 

and the moment of inertia of the wheel about its axis of 

rotation is given by: 
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5
22

1093.3
2

05.0031.0

2





mr

I kg.m
2
 

The mass of the handle is 0.469kg (= 0.5-0.031) and its moment of inertia about an axis parallel 

to the axis of rotation of the wheel and though its center of mass is  

     00129.018.0015.03
12

469.0
3

12

2222  hr
m

I kg.m
2
 

And using the parallel axis theorem to shift this to be about the center of rotation of the cutter 

wheel: 

    0025.005.0469.000129.0 22  mbII G  kg.m
2 

so the moment of inertia of the wheel is negligible compared to the heavy handle. 

For an exit velocity of 1.5 m/s after crossing a pizza of diameter 0.3m and assuming an entry 

velocity of zero, using: 

“ asuv 222  ” we have 75.3
6.0

5.1

2

222





s

uv
a ms

-2
 

and for the cutter wheel ra   so  75
05.0

75.3


r

a
 rad/s

2
 

Drawing a free body diagram for the cutter wheel: 

 

 

 

 

 

 

 

For motion about C, consider the equation of rotational motion: 

 IrmIrmaFFPPDM ppc  2)(cos3.0sin1.0sin3.0cos1.0cos5.0

now, D = P = (Fp/) so re-arranging we can obtain: 

 
)cos3.0sin1.0()sin3.0cos1.0(cos5.0

2










Imr
D  

and substituting values for the parameters, to obtain: 

  
1.3

09.0

281.0

)
50

12

50

3
(01.0)

50

9

50

4
(

2

1

2

1

0025.005.05.075 2






D N 

So, the driving force required is 3.1N which is very small. 





mg

CP

FP

0.
5

C

ma





N

FN

D

0.4

0.1





mg

CP

FP

0.
5

C

ma





N

FN

D

0.4

0.1


