Classical Mechanics

Lecture 9

Today's Concepts:

a) Energy and Friction
b) Potential energy & force
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Some comments about the course

Spring examples with numbers Bring out a spring!

Learning fun physics Cool demonstrations are the Reason to wake up -A scientific
haiku

| think the course is going pretty well. | really like it (except for the fact that my
lecture is at 8am). This is the first time I've been in a calculus-based physics
class and I've had quite a few moments where everything just clicked perfectly!
Some of the homework problems are pretty tricky though. | definitely have to
think about them. | suppose I'll really get a good idea of how the course is going

after the first exam. Be glad you're at SFU — no 8am classes.

its going well, | feel like we tend to do much harder things in hw than we do in
class exampl wise, maybe thats on purpose but at the same time it is frustrating
because i would rather lear a few techniques about how to do a problem than
to do easy ones and wonder when i learned what the hard questions are asking

i i i a? https://ccrma.stanford.edu/~j tial_Derivatives.html
What 1S SpaCIaI derlvatlve ’ http://wiki.answers.com/Q/What_are_spatial_derivatives

the equations are so scary, can we go over them in English?

Im still doing last weeks stuff because of 2 bloody midterms and a trunk full of
physics homework. =/
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http://wiki.answers.com/Q/What_are_spatial_derivatives
http://wiki.answers.com/Q/What_are_spatial_derivatives

Common lIssues:
HW is harder than lecture

Need more practice materials
Don’t know how to prepare for exam
Material is getting harder
Things we can do:

Do some HW problems in class
Provide practice materials to prepare for exam

Post formula sheet

Make sure office hours are utilized
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Macroscopic Work done by Friction

Work-Kinetic Energy Theorem N
AK o n/:\’cl
—-=—my, =
2
mg
Macroscopic Work
done by Friction
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Macroscopic Work:

This is not a new idea — it’s the same “work” you are used to.

b
» W = F’ df Applied to big (i.e. macroscopic) objects
4 rather than point particles (picky detail)

We call it “macroscopic” to distinguish it from “microscopic”.
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Work-Kinetic Energy Theorem

dwow-owgw %

f
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“Heat” is just the kinetic energy of the atoms!

o\ W\-&-V\W\-&- W\ @ \W\-®

MMM NN
N
Ml

gm\(@w«(é gw&wmr;
= =
é—vw« A §>NW»<< W&gwr%

O-\\\\- @ W@\ @M\ @ \-@

Do spinning Heat Demo
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AK =W +W

tot — gravzty friction

gravzly frzctzon

N 1

must be negative
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CheckPoint

A block of mass m, initially held at rest on a frictionless ramp a vertical
distance // above the floor, slides down the ramp and onto a floor
where friction causes it to stop a distance » from the bottom of the
ramp. The coefficient of kinetic friction between the box and the floor is
u,. What is the macroscopic work done on the block by friction during

this process?

A) mgH B) —mgH C) w,mgD D)0
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CheckPoint

A block of mass m, initially held at rest on a frictionless ramp a vertical
distance /1 above the floor, slides down the ramp and onto a floor
where friction causes it to stop a distance D from the bottom of the
ramp. The coefficient of kinetic friction between the box and the floor is
u,.. What is the total macroscopic work done on the block by all forces

during this process?

A) mgH B) —mgH C) w,mgD D)0

AK =W

fot
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CheckPoint

"y

What is the total macroscopic work done on
the block by all forces during this process?
A) mgH B) _mgH C) Mkng D) O Block Sliding Down Ramp: Question 2 (N =

60

B) work= change in potential energy

C) The only work being done on the object is by the friction
force.

% of Students
&

8

D) total work is equal to the change in kinetic energy. since
the box starts and ends at rest, the change in kinetic energy
is zero.
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Potential Energy vs. Force

1. 5
U(x)= —kx
: dU (x)
: ~ F - —
4 E (x) ’y
g - —kx
|!!!!!!!!§LN!: -
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Potential Energy vs. Force

dU (x)
dx
P.E. Function Fo[ce
U F
Gravity '
{Near Earth) mgh+U mg U
Gravity o mm _ammy .
P S G—lr—l-i-Uo G = r
Spring -;-ch’ +U, —k%

Demo
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Clicker Question

Suppose the potential energy of some object U as a function of x
looks like the plot shown below.

Where is the force on the object zero?
A)(@)  B)(b) C)(c) D)(d)

U(x)

dU (x)
dx
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Clicker Question E
=

Suppose the potential energy of some object U as a function of x
looks like the plot shown below.

Where is the force on the object in the +x direction?

A) To the left of (b) B) To the right of (b) C) Nowhere
Ulx)
—
Fx) = - dU (x)
dx
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CheckPoint

Suppose the potential energy of some object U as a function of x
looks like the plot shown below.

Where is the force on the object biggest in the —x direction?
A)(@)  B)(b) C)(c) D)(d)

Potential Energy Function: Question 1 (N = 82)
50 %3

40 37.8

U(x)

% of Students

122

dU (x)
dx

F(x)=-

@ (b (© ()
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A mass m = 5.8 kg hangs on the end of 2 massless rope L = 1.97 m long. The pendulum is held
horizontal and released from rest

1) How fast is the mass moving at the bottom of its path? m/s

Conserve Energy from initial to final position

mgl = %mv2 —p V=1/2gL
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A mass m = 5.8 kg hangs on the end of 2 massless rope L = 1.97 m long. The pendulum is held
honzontal and released from rest

1) How rast is the mass moving at the bottom of its path?

m/s
2) wWhatis the magnitude or the tension in the string at the bottom or the pam'7
N
2 2
my my

T_;fng=T —] T=mg+T
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Amass m= 958 kg hangs on the end of 2 massless rope L = 1.97 mlong. The pendulum is held
horizontal and released from rest

1) How rast IS the mass moving at the bottom or its path? m/s

2) What is the magnitude of the tension in the string at the bottom of the path?
N

3) If the maximum tension the string can take without breaking 1S Tay = 900 N, what IS the maximum
mass that can be used? (Assuming that the mass is still released from the horizontal and swings down to

Its lowest point.) S|

2
T=mg+% —- T=mg+% o T=3mg
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Now a peg is placed 4/5 of the way down the pendulum's path so that when the mass 1alls to its vertical
position it hits and wraps around the peg As it wraps around the peq and attains its maximurm height it
ends a distance of 3/5 L below its starting point (or 2/5 L from its lowest point)

How fast is the mass moving at the top of its new path (directly above the peqg)?
m's

Conserve Energy from initial to final position.

1

mgh = Emv2 =P ) =.2gh
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Now a peg is placed 4/5 of the way down the pendulum's path so that when the mass 1alls to its vertical
position it hits and wraps around the peg As it wraps around the peq and attains its maximurm height it
ends a distance of 3/5 L below its starting point (or 2/5 L from its lowest point).

How fast is the mass moving at the top of its new path (directly above the peqg)?
m's

5) & Using the onginal mass of m = 5 8 kg, what Is the magnitude of the tension in the string at the top

of the new path (cirectty above the peq)? N
2 2
my my
Ir'+mg=—— =P T[=——-mg
r r
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