Lecture 7/

Problem-Solving Tactics:
Friction and Centripetal Motion

(HR&W, Chapters 5-6)

http://web.njit.edu/~sirenko/

Physics 105;: Summer 2006

Newton’s Laws

If no net force acts on a body, then
the body’s velocity cannot change.
The net force on a body is equal to
the product of the body’s mass and
acceleration.

When two bodies interact, the force
on the bodies from each other are
always equal in magnitude and
opposite in direction (F,, = -F ,,)

Force is a vector
Force has direction and magnitude

Mass connects Force and acceleration:

Frr = 0 @ = O (constant velocity)
F,s = ma for any object

o Frot.x = ma, Froty = ma, Fiotz = ma,
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How do we jump ?
Forces:
. : : o > >
A S'I'Gndlng person A Jumpmg per‘son . Gravitational Force: F,=mg down to the ground I
F 3 > .
. lerat >Tension Force: T along the string T 2479
\ No acceleration Il Acceleration _Spring Force: L= kx i /\5\
— —+ >
N = N = ~Normal Force: N perpendicular to the support
() Net force is zero () Fygr=ma :
~Friction Force
- o > Static; maximum value f, = p N
mg mg opposite to the component of other forces parallel to the support
' FNET=|N|'mg=O M |N -mg=ma >0 - Kinetic; value fo= N gy
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opposite to the velocity, parallel to the support

Hst > Miin
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Relative Motion/Reference Frames

Tpa = Tpp+Tga
ﬁPA = EPB -+ ﬁBA and ’l_J"BA = const.
dpa = dpB

Frame A Frame B
|

T Q r

)5 Xp
Vi o
] = T X o
XA Xpy =Xpp+ X
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Y Framme I

i

Friume A

Relative Motion/Reference Frames
Relative Velocity: Rowing a Boat

You can row a boat at v = 3 m/s, and you want to
go straight across a river which flows with
Vaer = 2 M/s. At what angle should you row?

—
Y vmw . I""r'i".l'er'
X HX Vboat

Viooat = Yrow * VYriver

you want v, , in y-direction to go straight across
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Relative Motion/Reference Frames

Rowing a Boat (continued)

— -—ir —_— s
Vooat = Yrow ¥ Vriver Veow -
— . . & "'fbom
you wantV ., in y direction ©
Veiver

need Voo, x = = Veiver x y
Veow €COSO = Vi, x
Yooy 48.2 degrees; Vyge = 2.2 m/s
w Andrei Sirenko, NJIT 7
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Inertial Frames:

T T =mg

mg

)
)
L

&

4; >
@ @
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Non-inertial Frame )
Pseudo Forces a Inertial Frame
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Inertial Frame;
There are no Pseudo Forces:

T cos e =mg
T sine =ma
a=g-tane
>
> Iﬁ]

Lecture 7a Andrei Sirenko, NJIT 10

Non-Inertial Frame;
There is a Pseudo Force: ma
Newton’s Laws do not work !!!

TN

&
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Combination of Forces:

Net Force
Dealing with Multiple Forces

If multiple forces are

acting on the same

object, the net force

determines the

acceleration. > > >
Enet = El + I:2

net = Ma

Use a free body diagram

to keep track of the

forces on one object.
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Uniform Circular Motion

Centripetal acceleration

& Top view:
a = v— =+ PR ‘?\
T -
/ \ 2 Required string /"
Period _ / ;o tenson
. s s , T=$2/ T )

2wr

Tr=— 7 : /
U .-r ‘.\ "I

Centripetal force : F = ma

v
F=m—
T
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Net Force and Centripetal Force

# .- Regquired string /-
§ . tenmsiar *
L me2 |

! T= T T !

- f

Rl

T %y ‘p“p;qa;: SRR

]

T S wTF

. an;auhﬁﬂ-nﬂhn‘ o) NPl
Center of Circle

GRRICAT A
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Centripetal Force is a
combination of:

_>
» Gravitational Force: mg Inﬁ

down to the ground —
ma
. >
>Tension Force: T
along the string "—l;
—-> ma=N-m
>Normal Force: N 9
ma = mv3/R

perpendicular to the support

~Static Friction Force
maximum value FemX = p N
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Centripetal Force and
Tension Force:

ma=T
7 g ma=mv2/R=T
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Centripetal Force and
Kinetic Friction Force:

Uniform Circular Motion

Sample Problem
Centripetal acceleration

- ' A runner takes 12 seconds 2
Pk ma, T : round a 180° curve at one a = v
r L . ma, = mvi/R=T \ end of an oval track. The T
i . by distance covered on the
¢ ki curve is 100 meters, .
) ) Period
For uniform circular motion What is her centripetal
o 3 dicular to — A acceleration? T — 2rr
fL . 1s perpendicular ma, o
Kinetic friction does not affect
Centripetal acceleration directly
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Uniform Circular Motion Problem #1 m = 5 kg
. . L=5m
Sample Problem Centripetal acceleration
| | R=2m
2 )
' A runner takes 12 seconds a= - L Find v, T, and a
) round a 180° curve at one
\ end of an oval track. The P
~ distance covered on the Period: 7= "—"—_
curve is 100 meters. v R
What is her centripetal
I A, acceleration?
v=100m /12s=8.33s; R=100/nt =318 m

a=(8.33)2/31.8 m/s 2= 2.2m/s?
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Problem solving tactics:

m =5 kg

L=5m

/= Rr=2m
L Find v,T, and a

R T
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Problem solving tactics:
L I m =5 kg
L=5m
R=2m
0 Find v, T, and a

sin®=R/L=0.4; tan6 = (R/L)/ (1-(R/L)?) %»=0.44
X: ma=T*sin6
Y: ma=0=-mg+T*coso6

Lecture 7a Andrei Sirenko, NJIT 22

Problem solving tactics:

m =5 kg
L=5m
R=2m

Find v,T, and a

Centripetal Force
originates from the
tension force!

sin®=R/L=0.4; tan0=(R/L)/ (1-(R/L)?) *=0.44 ) )
Circular motion:

X: ma=T *sin 6

Y: ma=0=-mg+T *cos0 ma = mv2/R
ma = mg*sin 6 / cos 6 = mg*tan 0 a=Vvi/R
T=mg/cos6 a=g*tanb v=(aR) *

Lecture 7a Andrei Sirenko, NJIT 23

Problem is solved:

m =5 kg
L=5m
R=2m
Find v, T, and a

sin@=R/L=0.4; tan0 = (R/L)/ (1-(R/L)?) *= 0.44

X: ma=T *sin 6
Y: ma=0=-mg+T™*cos6 Circular motion:
ma = mg*sin 6 / cos 6 = mg*tan 6 Ma =mv2/R
T=mg/cos® a=g*tan6 a=v/R
T =5kg *9.8 m/s 2 /(1-(2m/5m) 2) # = 53 N v =(aR)*
a=43m/s2 ma=5kg*4.3m/s"2=21N; v=(4.3*2)*m/s =
Lecture 7a Andrei Sirenko, NJIT 2.9 m/s 24




Net Force and Centripetal Force

Lecture 7a

Problem #2 R=20m; pue= 0.5
Angle 10°

Find v

max

Andrei Sirenko, NJIT
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Problem #2 R=20m; pue= 0.5
Angle 10°

Find v

max
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Problem #2 R=20m; pue= 0.5
Angle 10°
Find v,
X: ma = N sin 0 + pg N cos 0
Y: 0=Ncos0-mg - u, N sin 6

Lecture 7a
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Problem #2 R=20m; py= 0.5
Angle 10°
Find v,
X: ma = N *(sin 6 + g cos 0)
Y: N =mg 7/ (cos 0 - pg Sin 0)

ma = mv2/R

Problem #2
ma = N *(sin 6 + u_, cos 6) A_ngle 10
N =mg / (cos 6 - pg, sin 6) Find v,

ma=mv,. 2/R

M V.2 /R = mg *(sin 6 + pg, cos 0)/ (cos 0 - pg, Sin 0)
Via? = 9*R *(sin 0 + p, cos 0)/ (cos 0 - g, sin 0)
Mass m disappeared !!!

v ~ 12.8 m/s =~ 29 mi/h

max

R=20m; p,= 0.5
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Wl R R T PIAVELES §: | 0 pedal Ber coch pad|
QZ # 7 Analyze the previous problem h e s i i
o - -"1.:'._' ’ El
1.R=20m; p,= 0.5; Angle 10°
i i T *
What is _gomg_; t? happen to . 12
the static friction force for B o
- Iy B ™3
the case when the velocity of the +
tl’aCk iS doubled: V= Vmax * 2 1 VT T 4 \.:.u & el Law ool Moot i Fuor rmchy 1o the g .-_-_._--:uu..--:-. TR, w40, iy
What is going to happen to the track? il ) & [ T-m
(describe) xi Ma=Mg ST e T
3. @ = M-Mﬁcﬂ'ﬁ- H{m?\-}-
= avy
2.R=20 m; ust: 05, v=5 m/S; m=3000 kg, " _I_ s :'_,:{,:‘.:l"'J sty uapyied s [bd d e i he wrieg 1 amd e mams . o[ Hin'&_—_f-'-_:-
(g _3_‘
and 0=0 Te b (31 1mW-2)= 4 {qsiu-d
What is the value and direction of the static friction force ? = #AM mE e
d) Whaa valug af m would havg gives an uphill mogion of M with cosstant spoed 7 o= 4.8 [
a0 T .
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Finall Exam Phys 105 - Fall 2003 Yerson A
Mame jis] Section

®. Two blocks (X snd %) are in comiact on a horizontal frictionless surface A 36-M constant force 1%
applied to X as shown. The magnitude of the force exerted by Y on X is:

mye 40 kg
m‘-i P‘"]H 20 +L[.,:J

L
3
SN
B 60N g &E_ﬁl&v = 'g_?. =lem
C% -::: Mesrbowas, Pﬁw QQ\\-'HLA 6leck % 82

BEN a,= 3eM-Fy_ ismir; Fys 36N- hig 1.5 21, =30)

11, A block is at rest on a horizontal plank of wood. The plank is slowly lifted at one end while the other
end stays on the floor, IT the coefficient of static friction between the block and the plank is 0.5, what
is the steepest angle the plank can have before the block begins to slide without being pushed?

Ca_2r)
By ar j‘g-{. = 'l‘q-.q Q-‘
) 45 o
D) 5 - ta,! os-=
Ey S

-_QE'I
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A) 16 mis? ﬂmaﬁ;ﬂ‘[ah %L‘HPJ F“VF

13, Two blocks with the weights of T0-N and 35-M are connected by a string as shown. [ the pulley is
massless and the surface is frictionless, the magnitude of the acceleration of the T0-M block is:

5

19 misd "“-LE Sl e huﬂdh.'],udz r o ]
:}’ ::;3? for 3SW @Poclc : -T+ mg = ma
'Fw TON €feele: T = =24

= Mq-l-ma.:'mg_ ~\m_.1‘5_.!f :

T g R mpAgd

A= mem 32237 M= 70 V/a7 s

14, A horizontal force F is gradually increased until the ock begins moving to the right. The 10
kg block cannoi move because of the cord atiaching it to the wall at left. For what force F does the

lovover block just stant to move?
A) 147N .
B) 1176N > 1C + o =15
C) 1323N F> 21 "ﬁﬂz G

'p?li= (IDK%-I-L’.DIS.}S 0 —

—L:l-z‘—' 10-.5 g 015 ikt
F3 S0u.a8n, 0%+ 10,9 8m: 01C = 161.TN
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