


Announcement

1. For all problems:
Draw Free Body Diagrams

2. Thurs. Feb. 14: 5-min, in-class quiz:
Free Body Diagrams

Come prepared to draw FBDs
according to the rules
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Rules for Free Body Diagrams

Label the free body

Draw only Forces
Draw only REAL forces

. T
Draw only the forces acting on

that single body .
Label each force y.
Mark each 3rd law pair w/ a Wi,

different indicator

\4

widget A
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Rules for Free Body Diagrams

|:AB
Label the free body /
Draw only Forces
Draw only REAL forces \
Draw only the forces acting on widget B

that single body

Label each force ‘F?/.

Mark each 3rd law pair* w/ a Wi

different indicator v
widget A

*and only 3rd law pairs



Everything you
need to know about
the third law:

Two forces acting on
the same object are
NEVER a 3rd law pair

WEc

v

container

railcar



Q. from old Exam

A can of soda rests on the dashboard of a car traveling
around an unbanked curve. The dashboard exerts a 3.75 N
upward normal force on the can. Which of the following is
the opposing force according to Newton’s Third Law.

A The horizontal static friction force
from the dashboard on the can.

B The centrifugal force toward the
curve’'s center on the can.

C The horizontal static friction force
from the can on the dashboard.

D The downward gravity force from
the Earth on the can.

E The downward normal force
from the can on the dashboard



Q. from old Exam

A can of soda rests on the dashboard of a car traveling
around an unbanked curve. The dashboard exerts a 3.75 N
upward normal force on the can. Which of the following is
the opposing force according to Newton’s Third Law.

A The horizontal static friction force

B

C

from the dashboard on the can.
The centrifugal force toward the
curve’'s center on the can.
The horizontal static friction force
from the can on the dashboard.
The downward gravity force from

Ndc=
3.75 N
WE
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can

the Earth on the can.
The downward normal force
from the can on the dashboard
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Remember Lars?

How do we know this force?

/‘\ Np =7
i ‘ FSLl Weg =-M_ g]
v

Lars stands on the floor Lars
holding a briefcase
containing $100,000




Remember Lars?

I:Ls Ne =7
We=-m_g]j Fo i Wi, = M, gj

Lars stands on the floor suitcase Lars
holding a briefcase
containing $100,000




Remember Lars?

FLs='imsg J Ng =7
We=-m_g]j Fo i Wi, = M, gj
* !

Lars stands on the floor suitcase Lars
holding a briefcase
containing $100,000




Remember Lars?

FLs='imsg J \ Ng =7
V\/Es= -Mmg g J FLsz_msg J i

Wg=-M_g]j

I |

Lars stands on the floor suitcase Lars
holding a briefcase
containing $100,000




Remember Lars?

Ne =tM g j+ mygj

%

FLS=+msg J
0
We=-m,gj F .=-m.g] ]
- - ° Wg=-M_g]j

I |

Lars stands on the floor suitcase Lars
holding a briefcase
containing $100,000




Tension

Block B is pulled by a
2 N force. Itis tied to

block A by a
massless string.

The Tension force on each block equal due to
Newton’s 3rd Law. A Trye

B False
C Confusing Nig

T T F

WEB

block A block B



Tension

Block B is pulled by a
2 N force. Itis tied to

block A by a
massless string.

The Tension force on each block equal due to
Newton’s 3rd Law. A Trye

B False
C Confusing Nig
N
) TsA TSB F
TAs TBs
VVEA \ . \ WEB
string

block A %Sa = Fnet= TBS-TAS block B



Tension

O . |

| WEA

block A
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Kinetic Friction

contact surface:

1. Normal forces

Vv Nag = - Nga
A

> 2. surface in relative
motion




Kinetic Friction

1 1 r

Coefficient of kinetic friction
o, property of materials (given in problem) al forces
~— * dimensionless - Ng,

* 1, > 0 (see why later in course) o in relat

e =0 is “frictionless” sliding '16 inrelative

. 7 —
A Ny \ﬁ{etic Friction
™\

fga f g * |fagl NAB|
«—e 3+>  Tangent to surface
\ Wea  Directed || to relative
oA Weg motion of opposite
surface

* Indep’t of SPEED
* [fagl = [fgal (Why?)



Kinetic Friction velocity of B

relative to A
V \
> Va  VB=Va
Va VB
)
t Which direction is f5,?
AB
f Ba Fag &\ Right ]
TR B Left
Nga = C No friction
VWEB D Can't tell



What is the force of friction?



71N/1

450

50 N

Ng, = 50 N

I_>-
T///?=71N
< ® >
Fo=25N | Tx=50N
What is the force of friction? Weg, = 100 N
| A25N | v

B355N
C50N

D71N

E 100 N



A

300/
W, = 0.25

What is the magnitude
of Carl’s acceleration?

A 0.25¢g
B 0.28¢g
C 0.37¢g
D 0.5¢g

E 0.87¢



\L =M_.g u, cos(30°)=0.22 M_g

300/ fse
¥~/ N.. =M_g cos(30°)

W, = 0.25
M_.g cos(30°)
What is the magnitude We=Mg
of Carl's acceleration? )\ g sin(30°)
=0.5M_g
= Zoc Carl+sled
0.37 ¢
D 0.5¢g
E 0.87¢



Static Friction

contact surface:
1. Normal forces
Nag = - Nga

2. surface in NOT
relative motion

4N o
A8 Static Friction
Tw, IF NEEDED/
NBA
i{ v ' AS NEEDED




formula

as needed

Forces We've Seen

Force

Magnitude Direction

Weight

— | .
WI=mg ... to keep body

Kinetic Friction

f| = |N| from piercing surface
Rl

Normal Force

... to keep rope

Tension

— fixed length

Static Friction

... to keep surfaces

as needed* s .
| from sliding relative

to one another
*Not to exceed |1 |N|



Stack of blocks pushed from
left slide frictionlessly along
table.

2 m/s?

2K9 memmd
+«— U, =0.25

2 kg

14 N

What is the friction force on B?

A O

B -49i1N
C -40iN
D 401N
E 491N



Stack of blocks pushed from
left slide frictionlessly along
table.

2 kg

14 N

What is the friction force on B?
N 4 Ny

A0 TB 1
B -49iN 4N= fcg N, fpe =4 N
C -40iN < o > >
D 40iN Neg
E 49iN Jlt | Wee

B |'® ¢




W=500 N

From previous exam

Valérie (whose weight is 500 N)
stands on a slippery sidewalk
(Ls = 0.2) holding her dog Alex
on a leash. Alex pulls with

100 N at an angle of 30°.

R What is the friction force?

N,,= 550 N [A 17:;
B 87N
T, =100 cos(30°)

T=100 N

f,, =87 N D 110 N
— =87 N
‘ '\ E 500 N
' T=100 N
W,,=500 N \ U Ng/|=110 N

Valérie

v T,=100 sin(30°) = 50 N



f,=087T
<—

W¢,,=500 N

\ 4 .
_ T.=T sin(30°
Valérie y (30°)

Variant

Valérie (whose weight is 50 N)
stands on a slippery sidewalk

(Ls = 0.2) holding her dog Alex
on a leash at an angle of 30°.

How hard would Alex have to
pull to make Valérie slip?

N,, =500 N+ 0.5 T A 87N

B 100 N
D N\

T, =T cos(30°) D 130

\ U N
v\ set fsV = Hstv
T
087 T=100N +01 T

T = (100/0.77) = 130 N



What good is 1,?

When the problem says...

[two objects] move Find thelmaximum

together. Find the force [condition] before there

of friction. IS slipping.

- DO NOT use [1.... * DO use p (or

even if it's given solve for it if not

given)

» Use the fact that

no (relative) motion «— * pretend there is

occurs to solve for no slipping.

the friction force .+ then apply
fl<u|N




railcar rolls frictionlessly along tracks ...




railcar rolls frictionlessly along tracks ...




... container drops onto it, slides with p, = 0.5




... container drops onto it, slides with p, = 0.5

) 1000kg



... container drops onto it, slides with p, = 0.5

) 1000kg



... container drops onto it, slides with p, = 0.5

) 1000kg



... container drops onto it, slides with p, = 0.5

how long does it
slide on bed?

1st draw FBDs* & find accelerations

*for railcar and container sliding



... container drops onto it, slides with p, = 0.5

how long does it
slide on bed?

a, =4.9 m/s?

N,=29.4 kN a. = -9.8 m/s?
N N,.=19.6 kN r

A

AN
RN

fe=9.8kN f =9.8kN
W, = 9.8 kN
N.=19.6 kN W, = 19.6 kN
v
container

railcar



container drops onto it, slides with n, = 0.5

how long does it
slide on bed?

a, =4.9 m/s?
a, =-9.8 m/s?

2nd draw v-t diagrams for both
(include times after sliding stops)



container drops onto it, slides with n, = 0.5

how long does it
slide on bed?

a, =4.9 m/s?
a, =-9.8 m/s?

14.7 m/s?t, = 6 m/s

t,=0.41s




container drops onto it, slides with n, = 0.5

how long does it
slide on bed?

a, =4.9 m/s?
a, =-9.8 m/s?

variant: draw v-t diagram for
container relative to railcar



container drops onto it, slides with n, = 0.5

how long does it
slide on bed?

a, =4.9 m/s?
v t, a. =-9.8 m/s?
>t

a. =a,a =14.7 m/s?
Vig = V- V, = -6 m/s

V=6 + 14.7t ti=0.41s

x.= -6 t+ (14.7/2) 2 = -1.2 m




Q: which direction

container has dropped and come to rest o
does the friction force

on moving _
railcar. act on the container?
He = 0.75 A Left
B Right
| C f=0 |
D Its kinetic
N,.=19.6 kN
A
a.=0 |
v
W, = 19.6 kN

> 1 container






Mg - A F oo 1
w Mg We,=Mg

R Kinetic
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