Announcements — 22 Sep 2009

1. If you have questions on exam 1:
a. Look over your own exam.
b. Look over the exam solutions, see if you can figure out
what you got problems wrong.
c. Only then should you come talk to me (or Tutorial Lab
TAs) about things you still don’t understand.
2. Newton’s 2"! Law Problems: ZF = ma
a. Inclined planes
b. Pulleys
c. Ropes
d. Friction
e. Etc

— Remember N2 is a blueprint for obtaining a useful

equation; it’s not really the equation itself.

The “ZF” on the left hand side means you have to consider
all of the forces from your FBD and include them on the
left hand side.

Do not put any forces on the right hand side!
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Which part of today's assignment was particularly hard or confusing?

I really am still totally confused from last Thursday's lecture. We went
through everything so quickly...are we going to ever review that stuff
again? Y

I don't understand how gravity relates to friction as an\ob';‘

ramp. Can you please briefly explain it in class?
Everything!
Nothing

Can you help us find easier ways to remember all the formulas we are
learning? @20
& 9 F = ma

General comments:
Do you know of any study groups that have been created for this class?

Incoming JOKE: An experimental physicist performs an experiment
involving two cats, and an inclined tin roof. The two cats are very nearly
identical; same sex, age, weight, breed, eye and hair color. The physicist
places both cats on the roof at the same height and lets them both go at the
same time. One of the cats slides off the roof first so obviously there is
some difference between the two cats. What is the difference?

One cat has a greater mew.
h W

M



Accelerating Reference Frames (from last time)
Demo: Rotating chair, Ball on string
To be able to ascribe accelerations to real forces, you must be

observing the motion from a non-accelerating (constant
velocity) point of view

Physics lingo: “point of view” = “reference frame”
y P

Amusement Park Ride: Floor drops ﬂut What are the
forces on you? (e atee P"h“ = feal ‘B
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In acceleratlng reference frames, we tend to invent fie‘u,tmus
forces.

Another example: Coriolis force
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Question: A car rounds a curve while maintaining a
constant speed. Is there a net force on the car as it rounds
the curve?
a.No, because its speed 1s constant.
b.No, because the normal force is balanced by
. Y4
gravity. & e v A
es, because it’s changing direction. g Q,MW,”'?
d.Yes, because it’s slowing down. o Huees 84

ose eleraton
Clicker quiz: A car hits a large icy spot on the road at

point P. What is the path of the car if there is no friction
1 the ice?
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Friction: £Zinetic and static

Question: Same box, same magnitude of F: which box is
easier to get moving?

. left is easier
b/ right is easier
C. same

Friction opposes sliding motion!

(Typically that means it opposes motion, period, but there
are rare exceptions...we’ll see one later this lecture)
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From warmup: Ralph noticed that in the equation for the
force of static friction, there's a "less than ‘or eqtlal to" Sign,
but in the equation for kinetic friction, theie is a plain
equals sign. He wants to know why théy are différént.

\at st 1 him? \ N
What should I tell him? 'E" R = }J\

Answer from the class: AT, -
- L S’h" < - « - - & . tm“,\
365 Not moun g 2 Foosiny = Tt

i 8 \ ® | i L . 8 | : ‘ N m:] e 4 ° 8
It takes that much amount of force to get the object to move.
Any force below that will not cause it to move. With kinetic
friction the object is already in motion so the friction is &?j a set

place. N
Frohn = M
Static Friction:
Grows with sideways force, to a point....

At slipping pt:
Friction force proportional to
Normial force

Demo: Friction blocks of friction”
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%t e — T
Kinetic “aka Moving” Friction =%, =0

Demo: static vs. kinetic friction FG

Book
figure:

h the forces when you break a rope tied to a wal

Compare wil
What is the tension

n the rope?
RLY.

Tension T

Force of pull
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Friction, Summary:

Static: F; (max) = pg N

Kinetic: ~ Fy=px N | Warning: N is :
| sometimes equal to mg,
| but not always!

TABLE 4.2 —

Coefhicients of Friction?

M Mg
Steel on steel 0.74 0.57
Aluminum on steel 0.61 0.47
Copper on steel 0.53 0.36
Rubber on concrete 1.0 0.8
Wood on wood 0.25-0.5 0.2
Glass on glass 0.94 0.4
Waxed wood on wet snow 0.14 0.1

Waxed wood on dry snow - 0.04
Metal on metal (lubricated) 0.15 0.06
Ice on ice 0.1 0.03
Teflon on Teflon 0.04 0.04
Synovial joints in humans 0.01 0.003

4All values are approximate,

© 2006 Brooks/Cole - Thomson
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Worked Problem
Mary pulls a box of books with mass 25 kg to the right with
a rope.

s =0.5 =03 (Use g = 10 m/s?)

a. First she pulls horizontally on the box with a force of
40 N. The box desn t move What 1s t the frictional force of
the floor on the box?

iE=0 6,20

2 I‘
- . -~ D
\~m~\a""p70 mg' 50
N -~ A 2
NGO g T
T\:vvv‘\r N N
S C 5)(250) 125N
Cllcke? quiz: If she pulls with force 175 N, what w1ll the
acceleration be after it starts moving? SE =

L 1 m 9 A 1y i“f“2 z
a. 1 m/s” m/s S, /"k’\j o

b.2m/s> ~d.6m/s® e.>6m/s -2
s - )e0) =
(1S~ 7S }b A
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Answers: 40N, 125 N



Dr Colton’s Guide:
How to solve all Newton’s 2"! Law Problems

1. Draw free-body diagrams for each object.
1b. Divide forces into components if necessary.
lIc. Group objects together if it seems convenient.

. Use the Newton’s 2nd Law “blueprint equation” to get a
“real equation” for each object.
2b. Do this for each direction if necessary.

3. Plug what you know into the equations, and look at what
results.
3b. Don’t forget to plug in the acceleration, if it’s known.

4. Solve the equations for what you’re looking for.
4b. Sometimes this involves solving simultaneous eqns.
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Work = o™~

fMary pulls the 25 kg box with force 230 N at an angle
of 60° -above the horizontal, what w111 the acceleration
be? (. = 0.3) | |

) _".
1.

‘V{FX“ MG IF.
2 50cesbo = MV = MO %

Plug what you know into equations:

250 ¢2s60 ~ (3)N=(25)a, 120560 AN ’“CZS)('?> ;O |
o~ Z"maxgo %&@ 3) N = 250 —2%0568

% N2 5o 3N

Solve the equwtmns for what you’re looking for:

GF %S

Answers: N = 508 N

L4 =399 m/s
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The tires on a 5000 kg truck have
ps =0.8, pyx = 0.6 (tire to road
iﬂctlon)

What is the maximum stopping deceleration? )

e (‘a‘C'h“av\ ZF - O
W~y e | _ . m
(o P B mal v

M”‘@

stoppm deceleration if the

wheels are locked?

\. GM\'\ ’F /’A k’

Same QN3
O = .é;. =

— What do anti-lock brakes do?

Answers: 0.8g ~ 8 m/s%, 0.6g ~ 6 m/s”
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Friction on slopes
Clicker quiz: For the same skis and snow, as the slope
angle increases, the ski/snow frictional force

a. increases -

@)@ ecreases

c.stays the same Me

N

Hint: Man with mass m: what 1s his frictional force on a

slope? Use N2.
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‘Warmup questions review

You start to push against a refmgerat@r Ttrinitially-does ot
‘budge, but then after you push hatd-enough it starts slidiiig
along the:floor. Which is‘correci? ‘_

-a. The.friction force was smallest just after the'féfrigérator

stattedto move.

b. The driction force was largest;just-after ~th€%fﬁ§”€f‘ﬁﬁ6t

dtarted to move. ».
ﬁ The ifriction force was largest'just before flie réf
" started tomove.

. The friction force was constant the w!
Wil gotreck (ke ot e
A bleck is. slldmg down a ramp with Constant :speed. There is
friction between the block and the ramp. The friction force is:

a. smaller than the component of gravity down ‘the ramp

he component of gravity down the ramp
omponent of gravity down the ramp

Figeiator

hole ftinte.

3’ ¢’ ra_c-i’

VA smali block is "riding" on top of a large block, which is
being pulled to the right with a rope. Both blocks accelerate at
the same rate to the right. The force of friction a¢ting on the
small block is:

a. to the left

C. nonexistent : ! _g)
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Pemo: adjustable ramp
J ¢ C il ‘p #\&:f ALY 724\

Demo Problem: a block on a ramp doesi’t slide mﬁ}i the angle
is 20 ° from horizontal. What is 14,? f¢. ij‘é"’ "

§ = May=0 A
maﬁ& 20 A N =U
MS(\’:)LO zﬁg‘wﬁQ"szo

N -~ 558 20> =0
(> #a N = mgessas”

Demo Problem: Once the block starts to slide at that angle, it

SFE =2maqz0

takes s to slide down the _m of the ramp.
What is 24,2 - h)
j (N e VWG 1hC)
,th\) Mcd g ((C \ )
-G
T, > max
N = wva

s n YO 7\’\\;

f

go(‘&%‘(/&'

™
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