PHY 113 A General Physics |
9-9:50 AM MWF Olin 101

Plan for Lecture 8:

Chapter 5 — More applications of
Newton’s laws

1. Two dimensional statics and
dynamics

2. Friction forces
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No. Lecture Topic Te_:-:t F_ruhlem Assignment
Date Sections Assignments Due Date
1 | 08/20/2012 | Units & measurement | 1.1-1.6 1.21.61.13.1.20
2 | 08/31/2012 Tetl’gsi';;” Td—constant 1,454 2128 09/07/2012
3 | 00/03/2012 gﬂcﬂﬁgr;i;g —constant |, 4o 213216 00/07/2012
4 | 09/05/2012 | Vectors 31-34 33322 09/07/2012
5 | 09/07/2012 | Motion in 2d 41-43 43450 09/10/2012
6 | 09/10/2012 | Circular motion 44456 4.29.4.30 09/12/2012
7 | 00/12/2012 | Newton's laws 51-56 51512 09/14/2012
- 8 | 09/14/2012 | Newton's laws applied | 5.7-5.8 5.20.5.30.5.48 09/17/2012
09/17/2012 | Review 1-5
09/19/2012 | Exam 1-5
9 | 09/21/2012 Hgﬁ;’f’f::ﬂ”m of 6.1-6.4 00/24/2012
an | nomamnin | e 7474 nmEIINA S

9/14/2012
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Isaac Newton, English physicist and mathematician
(1642—1727)

1. Inthe absence of a
net force, an object
remains at constant
velocity or at rest.

2. Inthe presence of a
net force F, the
motion of an object of
mass m is described
by the form F=ma.

3. F,=—F,,.

http://www.newton.ac.uk/newton.html
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http://www.newton.ac.uk/newton.html

Detail: “Inertial” frame of reference

Strictly speaking, Newton’s laws work only in a reference
frame (coordinate system) that is stationary or moving at
constant velocity. In a non-inertial (accelerating) reference
frame, there are some extra contributions.

iclicker question:

Are we (here in Winston-Salem)
A. In an inertial frame of reference (exactly)
B. In a non-inertial frame of reference

Newton’s laws are only approximately true in Winston-
Salem, but the corrections are very small.



Example from last time — elevator accelerating
upward or downward:

‘t

T —mg =ma T —mg =—ma
T=m(g+a) T =m(g-a)
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Example: 2-dimensional forces
A car of mass m is on an icy (frictionless)
driveway, inclined at an angle t as shown.
Determine its acceleration. y

=1

Conveniently tilted
coordinate system:

_mgsin 0

Alongy: n—-mgcosd=0 g
Along x: mgsind=ma,
a, =gsing
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Friction forces

The term “friction” is used to describe the category of forces
that oppose motion. One example is surface friction which
acts on two touching solid objects. Another example is air
friction. There are several reasonable models to quantify
these phenomena.

o applied

Surface friction: f ={ .—Normal force between

£ ‘<\| surfaces
Material-dependent

coefficient
{— Kv at low speed

Alir friction: D . _
— KV at high speed

K and K’ are materials and
shape dependent constants



Models of surface friction forces

Serway, Physics for Sclentists and Engineers, S/e
Figure 5.17

r : L
mg i Mg

() | (b)
£l i
_ | f s,maxzzusn
.Jr.t.tI]::lx :

r (applied force)

surface friction force

0L Static region — Kinetic region —=

Coefficients . , 14 depend on the surfaces; usually, x> g
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Some estimates of static and kinetic friction:

Material L m
Rubber on concrete 1.0 0.8
Wood on wood 0.3 0.2
Steel on steel with lubrication |0.09 0.05
Teflon on teflon 0.04 0.04




o n Motion
Surface friction: "

foo [+ L

mg

F-f,=0 if F < g,n=p,mg

If F>un=umg , then F-fi=ma (f,= 1mg)

_F-umg
m

d
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iclicker exercise:
The figure below shows a block of mass m moving to left
at constant velocity v,. How is this possible?
A. There is an additional horizontal force pulling the
block to the left.
B. There is and additional horizontal force pulling the
block to the right.
C. This is not a possible physical situation.

mg
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just before block slips:
fs max-Mg Sin © = pg N-mg sin 6 = pg Mg cosd -mg sind = 0

2>y —tan 0
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iclicker exercise:
Suppose you place a box on an inclined surface as
shown in the figure and you notice that the box slides
down the incline at constant velocity V. Which of the
following best explains the phenomenon:
A. There is no net force acting on the box.
B. There is a net force acting on the box.
C. The coefficient of static friction is

L, =tan 0.
. The coefficient of kinetic friction is

13
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mg

A women at an airport is towing her
20 kg suitcase at constant speed by
pulling on a strap at an angle 6 above
the horizontal. She pulls on the strap
with a P=35 N force, and the friction
force on the suitcase is f=20 N.

What is the value of the angle 6 ?

Horizontal components: Pcosd—f =0
Vertical components: Psind+N -mg =0

:>cost9:i:E @ =55.15°
P 35
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iclicker questions:

Suppose that p,=0.75 which means that the block starts to
slide when 6=tan1(0.75) = 37°. What is f when 6= 20°?

A.mgsin6 B.pu,mgsin® C.mgcos6 D.pu, mg coso
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A block of mass 3 kg is pushed
up against a wall by a force P
that makes an angle of 6=50°
e with the horizontal. p,=0.25.
Determine the possible values

0 for the magnitude of P that allow
s the block to remain stationary.
P
A
;
N it Vertical forces: + UN+Psind—-mg =0
_____ Horizontal forces: Pcoséd—N =0
0
%y if
P

I
v
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Vertical forces: = u N +Psind—-mg =0
Horizontal forces: Pcoséd—-N =0

N =Pcosé
+ uPcosé+Psind—-mg =0
SolvingforP: P=— m
SIn 6@ £ p,coso
3-:9.8 N

P

" 5in50° +0.25c0550°
) {31.72 N

48.57 N
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