Week 4 : Day 1
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O Direct Calculation of Moments of Inertia

O Torque and Vector Directions
>
>

O The Atwood Machine
>
>
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Draw a diagram showing the object and the axis of rotation

Choose an appropriate coordinate system

Pick a “slice” (or piece), dm, and perpendicular distance r
Show the distance ron your diagram

Write an expression for dm in terms of a small element
In 1-D problems dm = A dx
In 2-D problems dm = o dxdy
In 3-D problems dm = p dxdydz

2
[ = j’l dm
Perform the integral
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a Thin Rod

a Circular Ring
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a Circular Disk Note that the mass
element, dm is 2D...
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0 Massive Ring

Note that the mass

element, dm is 3D...
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a Uniform mass density
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a Uniform mass density
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O Use definition oue Namo (Priod) Dat

Group:

2 Rotational Inertia — Integration
(2D and 3D)
> =\r"dm T
| The rotational inertia (or moment of inertia) for a continuous mass distribution is defined as

1= [ di=[ r’dm

rigid rigid
body body

where r is the perpendicular distance of the mass dm from the axis of rotation.

The method to use is:
« draw a diagram showing the object and the axis of rotation
> « choose a coordinate system that you think will be best to use
* pick a “slice” (or piece), dm, a perpendicular distance r from the axis of rotation; the piece should not
be at the middle or the end of the object; show the distance r on your diagram
« write an expression for dm in terms of a small element of whatever coordinate(s) you have chosen
dm=0dA for 2-dimensional objects where o is the mass/area and dA is the area of dm; dA will
have to be expressed in terms of your spatial coordinates, for example, in Cartesian
coordinates dA = dx-dy)
dm=pdV for 3D objects where p is the mass/volume and dV is the volume of dm; dV will
have to be expressed in terms of your spatial coordinates, for example, in Cartesian
coordinates dV = dx-dy
« substitute for dI in the integral definition
« do the integral.

La
M 1. Calculate I, for a penny. Treat the penny as a flat, circular disk of mass M and radius R with a uniform
mass distribution.
a) Choose the axis to be perpendicular to the plane of the penny.

L / b) Choose the axis to be in the plane of the penny.
/ ] b c¢) For both cases, also calculate the rotational inertia about a parallel axis passing through the edge of
the penny.
axis )
@ ®» —— ] >—

. )

| 1

| T

! h

HINT: Cut the disk up into small segments for which all of the mass is at the same distance from the
axis. Then decide over what variable you have to integrate.
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0 To determine the direction of a rotation it is Magnitude of Torque
sometime helpful to introduce the unit i F = Id
vector notation for the different directions: T=rxXr =1

i = rFsinfd=1c
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Right-Hand Rule Vectors Permute Right-Hand Coordinates
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Q Vector Cross Product
>

AxB| =[Al|B|sin

+Y

Your Name (Print): Date:
Group Members:

Group:

Vector Cross Product Practice

Evaluate the following cross products. There are three common ways to calculate these,
all of which are equivalent and basically do the same thing;

a) Using the RH rule on the unit vectors.
b) Putting the components into the cyclical formula.
c) Using the determinant method.

Have each person in your group use a different one of the above techniques for the first
question, and then rotate your choice of techniques for the next ones.

D emix@BNj =

) [emi+Gmj-Cmk]x[GBN)i-4N)k] =

3 [Gmi-@mk]x [N)I+GN)]-@Nk ]| =

Main points to remember about the cross product

These are things that people very commonly make mistakes with on exams, so make sure
you’re clear about each one of these;

v" Just like the dot product, the cross product has units. The units are the usual
product of the units of each of the vectors in the cross product.

v' Unlike the dot product, the order of the vectors matters in the cross product.
Reverse the order and there’s a sign flip in the result. Just think about the RH rule
and you’ll see that this is the case.

v" The result of the cross product between two vectors is another vector, so don’t
just write a number down. Typically there will be three components, so show the
proper unit vectors for each direction. (If a component happens to be zero, you
can just leave it out, but all non-zero components must have the appropriate unit
vectors next to them).
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O The Atwood Machine
>

Wikipedia entry

Z F, Z T Free Body Diagram (FBD)

|

+T -mg=+ma r(+T,-T,)=I(-a) +T,-m,g=—m,a

. UPII Slide 12 of 13 Adapted from Halliday, Resnick and Walker; © Michael Jay Schillaci

T

111}

fa




a Solve the equations as follows:

(o))
(1) +T —mg =+ma=T =m,(g +a)
(2) +T2—m2g=—m2a:>T2:m2(g—a)
®  r+n-1,)=1(-a) E 4l

=g +a)-m(g-a)=—2(¢) o

r\r

l 2 (; central axis
= (ml — )g + (ml +m 2 )a =—-= ]\42’” N/} R ot il
(mz —m )g

m,+m,+5iM

—a=

Click here for Atwood Physlet
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