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Continuing the focus on Newton’s 2" Law: (Chapter 6)
* Models, approximations, & variable forces

: m,m m
o Gravity: F,=G—5%= m(G —gj =mg
r Re
3, < u N, static friction
o Friction: <3, = & N,Kinetic friction ;, opposite to V

3, = . N, rolling friction

D, = kv?, Air resistance; opposite to v

o Airresistance---"drag”: _ _ ~
D,, = kv, Water resistance; opposite to v



Gravity:

r is the distance 2 m,

between the.,

centers. n, L
F,.
F lon2
The forces are along the
' line between the centers.
=+ From Newton’s third law,
the forces are equal in
magnitude but opposite
in direction.
m
‘ h<<R
r 3 /
~ [’G/R
Planet of e
mass M /
¢ Center
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« S0 how can we justify treating g as a value independent
of altitude (h) on the Earth?

* For us, h = 0 is the surface of the earth, or atr = Rp.
The question becomes “what is the difference between g

@ Rgand g @ Rg + h?” [i.e., Ag = g(Rg+h) — g(Rg)I:

If g :(G %) then (M =5.98x10%kg and R, =6.37x10°m)

E

dg :_2Gm_§:__2 cle |- g
dR, R R\ R:) (R

Ag when AR =hwithh< R;:
Ag _ dg

~

= Ag ;{ dg ]ARE :( dg jh:_zg(L)
AR dRg dR: dR: Re

2
10 g0 Mg
6.37x10° s’

e.g., forh=100 m, Ag = —29(



3, < u N, static friction

L2

Friction: « = 4N, Kinetic friction ;, opposite to V

~ _ . . .
3, = 1, N, rolling friction
. _* . - -
Static:  f, = (u¢n, direction as necessary to prevent motion) TABLE 6.1 Coefficients of friction
Kinetic: f, = (un, direction opposite the motion) (6.15) . REHE Kinere Bdliog
iiq Materials [TR Mk My
Rolling: f, = (u,n, direction opposite the motion) e
G )t © 2008 Pe: Educati I iblishi Pe: Addison-Wesley Concrete l -00 0-80 0-02
Steel on steel
(dry) 0.80  0.60 0.002
V il Steel on steel
‘ (lubricated) 0.10  0.05
i ) ) Woodonwood ~ 0.50  0.20
v=0 Wood on snow 0.12  0.06
Object Olyestie Ice on ice 0.10  0.03
is at rest. accelerating.
e :
Static fhctioniis opposite Kinetic friction is opposite the motion.
the push to prevent motion. f::i‘iiul'\l:;i":\lf:d E N
- rolls forward.
n .
n - -
£ F i f;& £ ush
s fq push - . >
, —_— e
Fg ﬁ“ = 0 [:'G ﬁ-ﬂel Contact area
Free-body diagram e '[I'hc wl:‘ccl flattens w here it touches
2006 Paarson EQLCSRoN. Inc , DUDKSIG 15 Faarson ASASON. Wa sy the surface, gl\ Illg a contact area

rather than a point of contact.
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Static friction Kinetic friction

o = Lo ThE IHiGHON ‘
force decreases as the object
begins to move.
e 5 [ S s i s 2 The lftmeltc friction force
..... remains constant once the
~  object is moving.

|
l
f | The object slips when
|
|
|
|

¢ fi = constant
gt == g T T
\ i
|
T |
............... Slope = 1 :
At first the object doesn’t move; |
so the static friction force increases :
to match the pushing force. This \ N '/ P
causes the graph to increase with - ' v
a slope of 1. At rest : Accelerating
w | W
f; Fpush ! fk Fpush
a=0 a
q

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Addison-Weaslay.
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Problem 6.20: A 4000 kg truck is parked on a 15° slope. How much
is the friction force on the truck?

« Note that the angle indicated by the arrow is 90-8 so that
W, = Wcos(90- 8). However, cos(90- 8) = sin 6, and
Wsin® is the usual way of expressing W,

a ¥ || :0=W +3=0=mgcos(90-0)-3
W
«Aﬁ 3 =mg cos(90-6)=mg sin6?=(4000kg)(9.8 m/sz)sin15°

|
A 5 =10146N
r

2V
Y=V

—_——— ' —_— —
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Assignment: Read & work through Example 6.7, pp. 166-167

Known

wm, = 0.80 m=50kg
= 0.60
Find

f. where 8= 20°
6 where cabinet slips

Normal i
Friction f, Gravity F

a. What is the acceleration of the object (file cabinet) when 6=20°7?
b. What is its acceleration when 8=45°7

c. At what angle will it just begin to slide?
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Solutions:

a. What is the acceleration of the object (file cabinet) when 6=20°7?
Will the object slip at all?

From the diagram,ma, = F_, = f, - F;,
f,=u,N (maximum f,)
N =mg cosé = ma, = mg( 4, cose - sing )

Fe, = mg sind

a, = g(u, cosd - sind )=+ 4.09 m/s* (for 6 = 20°)
Interpretation : a, >0 in this case means that Max. f, > F,
Thus the object does not slipand a, =0 .

b. What is its acceleration when 6=45°?

From part a.), max. f, =z, mg cosd = 282.8 N at & = 45°

Also,at & = 45° ,F;, =mgsind=353.6 N (F; >max f,)

Thus, the object slips and the acceleration is determined by g, :

a, = g( 4 cose - sind )=-4.25 m/s® (' -"" means a, is down the bed)

c. At what angle will it just begin to slide?

Also, from a.), the object slips when F,, > f_ ,or
mg sing > p, mg cosd = tand >



_ _ D, = kv, Air resistance; opposite to V
Air resistance---“drag”:

D,, = kv, Water resistance; opposite to Vv

AD
Terminal speed is _
reached when the Eqg. 6.16 in the book (p. 168):

6) gr‘?s]f@‘t‘fhcmcﬂy Drag= "Av2 (an approximate model, but it applies for
alances tne .
gravitational force: some typical cases)
a = 0. = ~ = =
) F.=D+W (W=F,)
VFg _ 2
Sl - ma = mg —kv“ (using down as +)

Note that a goes to 0 when the velocity rises enough:
ma =0 =mg — kv

Thus, v; = m% is the "terminal™ speed
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More on air resistance:

« We can see that the characteristic that Drag increases with speed
logically leads to a maximum speed for an object acted on by other
constant forces (such as gravity for “parachutes, etc., or vehicles with
constant propulsion).

* However, how can we describe the velocity (or speed) of the object as it
approaches the terminal velocity?

ma = mg — kv?
: dv .
Re-write a as at and divide by m:

dv_g_kvzz> dv _ dt

dt m (g_kvgj
m

This can be solved for v(t) by integration as follows:

VT) v jdt

Vo (g_kvzj 0
m

(It is important to correlate the integral limits on both sides of the equation.
v(t) is the velocity at time t, and v, is the initial value att =0.)



Assignment:
Begin reading and working on Chapter 7.
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