E:ma FX :max Ftotal :Z |:individual
total F =ma
y y

+ - - ;
—s Sign convention choice!!

| p  Freebody diagram
>

e — - = - ..""‘-_~~ System choice
Force reaction force pair
= =n
Py P
| Mo [T m
L - —I ch\\ 599 : : .
system’ ” cuts at point of internal force action
& P . . .
ceere—= == ~.  CONSISTANT sign convention choice
ir==rear | - around corners!!
e 5% Y
g s B 3,

f;ﬁ‘.' 4-0.1



Ft (max) = Hs N Fe= L N

4-0.2



Newton’s 15t Law (law of inertia)

“A body at rest, or in uniform motion, tends to stay at rest or in uniform motion unless
an unbalanced force acts on it.”

Newton’s 2" | aw

“An object is accelerated when an unbalanced force is applied to it. The rate of
acceleration is proportional to the force and inversely proportional to the objects mass”

a=E or F=ma
m

Newton’s 3" Law
“For every action (force) there is an equal and opposite reaction (force).”

Newton’s gravitational force law

1) F acts along the line connecting the centers of the objects (for spherical objects)

*“ central force”
2) F acts along the line connecting the centers of the objects (for spherical objects)

“ central force”

3) F magnitude
F = GMm G=6.67(10)" [m*/kg s°]

r.2

A few basic principles allows quantitative ( mathematical)
understanding of a tremendous body of phenomena.

What physics is all about!!! [ all fits on 1 page!!] 4-0.3



Newton’s 15t Law (law of inertia)

“A body at rest, or in uniform motion, tends to stay at rest or in uniform motion unless
an unbalanced force acts on it.”

A bodies inertia is proportional to its mass [ mass proportional to ( but not=) weight]
1 kilogram = mass of 1 liter of water --- 1 gram = mass of 1 milliliter of of water

uniform motion = constant velocity motion= constant speed in a straight line motion

T e S
5»4/5 50“\/5

Need to measure deviation from constant velocity motion (uniform motion)!
acceleration 5 = Vinal - Vinita

At
C— ———— S ) speed constant but direction changes
Si a 5 o

straight line but speed changes

4-1



Newton’s 2" | aw

“An object is accelerated when an unbalanced force is applied to it. The rate of
acceleration is proportional to the force and inversely proportional to the objects mass”

‘ a:E or ‘F:ma ‘

m

For a given force, the bigaer the mass the smaller the acceleration

m A —

examples

F=
b

S xky —
W £=

5~ Y=o
9 }V | ko —

Force of Gravity at Earth’s Surface
toward the Earth’s center
F=mg ¢=9.8m/s?

Could call “mass” objects tendency
to resist acceleration “ottra”.

units
F=m a
az £ m
i N=kg —
a =~ — 4‘1/51_
| @
':‘:3 v é.2 | g Y
"] = -'&- = 2.‘/‘1
Vvaae$ g‘-‘-‘ (STER 2
4-2



Object of mass M at the surface of the earth.

al
F;r“: G m‘/’" ” UL.@

R

- /V, Zuo/

F;;J = e bhaw
Fafu = f;‘,(

Weight of an object, near Gﬁiw‘ N  a

the surface of the earth, ke /
= the gravitational force ym oass oF objet
of the earth on the object c Caneels 1]
= mg a=9z= -FT:
I ¥/

»-r“, ‘1‘-“ £

all ob;'.er.?ts acealerate aAvar eanlh’s
with  a= 7§ /s (a2,



Newton’s 3" Law
“For every action (force) there is an equal and opposite reaction (force).”
y

Ta ‘/( Cn /$oo(§

2 bodies (A & B) interact

equal ana oppositly directed

Force oF /A

Fonee o (SQ_QA

p—

$riy on man

// ] —
i F ~A
psn . M QA on
refrig. iy,
\ | 4-4




Newton’s force reaction force {3™) Law &

momentum conservation in rocket demo

S [
<B:!Di TolA) >  Newton’s 3™ Law
m=15Kg , d}m = __dueto A
----------- IFA{B} = - F3{A)
ﬁ}me on A onB
{simple but powerful 1t}

A+B system: no external forces — momentum conservation

Foo™ Fa+ Fp=0 3%:0 > Ap,=Ap,+Apy =0

Ava =—Ap,

4.4a



Velocity, acceleration, and force in rocket demo
&(" f—
| ——— - -
f=o observation o = 8¢
- Ax _10m m 3
T vV=? v=_="_=2 5 =
i At s X = 10,,
X=p
Oone way amaiiher way _
a=?  (assume const a) v,=? (assumea=const) V= ' +vi.
Ax:latz FZ(AX) v_+0 5
. 250=-%  y=50
_2(10!11)_1 sl s 2 5
(4sy’ s? sun i T
m m .
V. =? v =at=|1 25 (48) 5 50y
f _(5-0) ' e
a As . 52-4‘
F=? F=ma

F =(113kg)(1.25mvs2)=141 N (about 32 Ib)




F =0

external on system =0 = asystem

( Internal forces only

4.4c



Normal force %N force of surface on the object in contact with it

AT rrr L drsutnce

Consider object of mass m on a surface

. _ N )
Free body diagram (of all forces on the object) f 7"’ 4
N-2nd _aw
[for total force= sum of individual forces] me

{F—;: N-M% = Mdy.‘;g

Object does “hop” or “burrow” so ayZO

The sum of individual forces in y-direction are “balanced” so that
the net force (in y-direction) zero.

There could be “unbalanced” force in x-direction.
4-5



N-2nd Law

1 mass Ll P=ma
P > — f)
m a=Pp Ask a ="
_Free body diagram m
2 masses (coupled) N-2nd +3r4 | aw
+ Free body diagrams
—_—— e e - —>
al T, 'p
: S — = > Aska=7?
my | 1My :
Ep— p—— T=?
T=m,ai.. P-T=m.a N-2"d Laws
................... /-1
P'mza:mla ............... > T:m2 P
DS MA M, A M M) 8 )
a= P
(m;+m,) 4-6

Note: balanced forces in y-direction are assumed and ignored.



Now define SyStem carefully
to solve specific question asked !!!

Internal forces (e.g. T) do not appear- only outside to inside forces.

2 Masses Ask 3 = 7
_______________ - +_> - .
1 T 'P__ P=(my+m,)a
: p

(my+m,)
Ask T=7?

4-6a




3 coupled masses +
T, T, T T P
mj e m,

3) T,=m;a 2) T,-T,=m,a (1) P-T,=m,a

very hard way add (1)+(2)+(3) = P=(m;+ m,+m,)a
Aska=7?
easy way — .
-1 —_>
| P R
| [ ms m; m,
| -
P=(m;+ m,+m;) a = Ma ‘_\
a=P system
M

carefully define ;‘§ystem” to attack question asked !!



“system” cut at point of internal force action

vl+

Ask T,=?
;_._._T._E . s
:I m; 2)! — m, = =
1 f
L. . ' P=(m+ m,+m,) a = Ma
T,=m;P

M

4-7a



ﬁ——:\ A /0(0'% o
é a*:“"“d% /:_. ’Z:;( (N"ii:;:'h‘$ -,'-’-‘f F 7haf= mq‘l
 dotal

'

P: v O

[omg =2
———

I 2™y a +#

T(I““,- @ - Wt

Mak—} e M,’ [G = O
» 7\ ;uJ.'(j ua/ ga/‘cc> T an/ m7 F': c'u”:‘
comb.'.\o__ y é,:vd, ‘ILa'/a/ ‘g:a/‘cL.

l//

Total force = a4

A /5‘0-  ——— : BT e

[T= mary | Lig A
Somrma—m S P B 4-8




_ WL“.% i Gee b(lfa7lcah?
T P S kF=mca &, ’

e

v

!
, !
N ? "u;e— )
| ' q= P'CM.M":.*-‘M,)Z o &7 10l
4 ~” -
3 ( -f'j . (™, + :."'”“))__/ Example
3 (\ 1 J ~ o LA k} my =0t kg_

l |f“)~f~‘§)? - e k? P -3‘ v
Vw26 Ciargrnll M
Eﬂh *.a' */.03 II(?
= 36-3%¢ =+2 M
%0 —K-;, s*
4-9 o s I 1.
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Q. What s T betusen

P g o sy
T T-M‘b?‘: oy B
U
oy T= oy [a+g]

“system” cut

at point of . wn, Fog b
Internal force T
T R T,

= A KRG n e
g % —
4-9a



Going around corner,
carefully choose sign
convention consistently !!!

4-10 N i /



—+~

s “system”

- TTe -

Y

I o I
4'7_?;—.., < Ll eild |
I b J‘.;-

e

4

¢
/
*

L
~

wk«'f‘ ' S L




| M B
i (my+my+ ms) J=a

3
[m/m] [m/s?] ({377 3)9-8 - a

[m/s?] 4.9 =a 4-11




Tt 3 mass problem

3 + sign convention choices
Choosing “system”
to answer question!!!

Forces from outside box (system) acting to inside = M. qiie box &box
L] Py -
‘} % ‘?-(mﬂ.;m.fh‘)a

as (g -m,) 9 - (3-1) [kg 9.8 [m/s’]
Cm‘ ton tam,) (1+2+3) [kgi ) E -
4-12 3



Choosing “systems” 3 mass problem
to answer guestion!!!

, w——-= T Tang,

4-12a



s Inclined plane abc¢’s
‘N

N = Norma| $orce of plane

en obf“

W= im,_: Force o‘} 7"“‘“.*/ on

obtuﬁ“
(Pu" 0f ¢ar’H\ L)
ob,.u.f' p

4-13



—.@ -P+ mgsin0 = [y =C Demo
Forces add like vectors
AR Ll gl F, =0 < a=0

ﬁ = MaSI"?.é /V:? /MZQ{_%'

—

N

m= | kg & = 30° (sae=- L

} {‘*055 = %66 /

P 1(1<3) ﬁﬁ’%_al: M= 11y .v6¢
P =5n, V= s 7V 413




Inclined plane abc¢’s

Y Fy= N-myeab =9 =4

(ne motion

oo N an ; Con. £ in yJ-"‘)
N

ﬂm}w@

4-14 oo X = ? /



- Balanced force components
in perp. Dir. ~ N-Mg cos(0)=0

\4

-Mg sin(0) + mg = (M+m)a

[-M sin(@) + m]g=a
4-15 (M+m)




Recall object on table Friction

ﬁ“ Two Cases

Static Friction (no motion)
*Kinetic Friction (moving)

mg N'mg=may=0

Impose force // to surface
(no friction)

P>P

mg| N-mg=ma, = (/ ow add frictional force // to surface
N

F; P o

« F; frictional force mg

4-16 of surface on object

+ F; opposes motion




Stationary Object: Static Friction
(pulled with force P)

mg

-F+P=ma, =0 !l

For static friction (“always”)
F =P

P increases = F; increases

There is a largest value of F; for which the object remains at rest.

4-17

Ff (max) = Hs N
0<H <1

U, = coefficient of
static friction

v+ Inthis simple case N= mg

4-10



Moving Object: Kinetic Friction (sliding)
. N , (projected at velocity v ;)
Pl —  -F,=ma,
Mgl N-mg=ma, =0 For 1F<in_etic frl\ilction (“always™)
N= mg Pgan Fh

Note v, shown In figure =

Ma., = -
IS NOT A FORCE 11! x = "Hmo
ay = -y 9

V=Vi-H ot

Friction slows object down

4-18



Moving Object: Kinetic Friction (sliding)

—

P +

mg

(pulled with force P)

'Ff +P — maX

N- mg =ma, =0

N=mg

For kinetic friction (“always”)

//Ff: Ky N

<\reduc:es force

Note: There are two possibilities in this Kinetic case.

a) non zero acceleration
dy = P - K N

m

4-19

b) zero acceleration

P= N
a, =0 | _
object moving
V = constant




R Note: normal force is not always mg
. N \L bt
1| -F; +P = ma,
mgl N- R - mg=ma, =0 For 1F<in_etic ff\ilction (“always”™)
N= mg +R / f— p’k
ma, = P-, N
—

ma, = P- ly (Mg+ R)

vertical force
contributes to
retarding
horizontal force

4-20

kinfrictNnotmg4-01-17.ppt



PULLING A TABLECLOTH WITH DlSHes owN 1T

Assume nND

e If a smaller than this
alue the tablecloth +
dishes move together

o X a Is larger than this
v% ue the tablecloth

ts sliding under
2 \dishes !!!!

DisHeES ™, '; FRIcTlWL
BeTwEEN
“TABLECLOTH w_:—_]—————} TABLGCLOTH
A — //’“'_‘J/' . ANY TARLE.
FIRST CONSIDER DISHES+ TABLECLDTH AS "SYSTém
7 .o (b s ot
B )
= a = Ty + ¥z (1)
NDL CONSIDER D/SUes RS STYSTEM:
Y m
TN £ il = ) F uswel),
\ 5 { ™, oy
™M
‘_'7‘5"'5 BUT WE ALS? Kwnow THAT
TS
AuD fs < /a5N= Ms™ 3 -
I {
1) = ! =
vy ¥ Sa™d F < psg(m;+m,)
\ -
M. Kalelkar
IF F BecomesS CGREATER THAN THIS VALVE,

TABLEGCLOTH STARTS SLID/wG UNDER D/SHES _/

Il it with big a 11!
i
a (m;+m,)
—" < p g (My+my)
M. Croft
4-21
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az?

{M —£3 Tae=?
'*T Fesm v
o ’._.A “o 9 ,....‘._;HAdd friction to problem
) g -y POSTPONED TILL
~q &
Somrs. Whook 1 oo B o e B AFTER FRICTION
~S
Tet. exferval Sovce = (Fof mass ) o
T Ayt~ 4~ A(M., = (g g b ) A
as= 2 EM‘-MA-M A»]
let mma= 5
a= o L3-1-2 1 4 W, g,
I+ 243 6 T
—

@ =[33 - 4] =
o

l. 66
[———-’ ~/‘L -
we Triet Ane béﬁ‘cf a2



N ty U static friction coefficient determination

+X
mg sin(0)

y, L to plane: N—mchos(G) =ma,=0
N = mg cos(0)
X, || to plane: -F; +img sin(0) =ma,

L]

o f -F. +mg sin(p) =0 for static case
mg L
|:f/: mg sin(0)

experiment: increase 0 until F;reaches ma>jﬁmum
then F; = F¢ = usN= pg mg cos(0)

s Mg cos(8) = mg sin(0)
_sin(®) _
Hs cos(B)

tan(e)

observe 0=21° = tan(0)=0.38=
(0) Hs 4-93

4-18



N Y ug kinetic friction coefficient determination

+X y, L to plane: N-mg cos(6) =ma,=0
mg sin(0) U

N =mg cos(0)

X, || to plane: |-F; +mg sin(B) =ma,

"."u..y': //
mg for kinetic casg
»

U then F; = F = wN= p, mg cos(0)

L]

- W Mg cos(B) +mg sin(B) =ma,

a,=g [sin(8) -  cos(6)]

experiment: observe a, at given 0
4-24



Air/Fluid Resistance to Moving Object

Case object moving fast (golf ball...)

V., = speedrelative to air  (ajr atrest v

v, = terminal velocity

=v]|

rel

(air moving atv_/v_=v+v )

rel

for falling object of mass m A = cross-sectional area of object

p = density of gas(fluid)

pFee = [CPAIZ] V.2 € = drag coeff.
+ _
vy Opm ma=F
C pA
mg ma=mg - —— v’
2
|f EI=D V=Vt OZE— (_.J.tl-ﬁi Vz
m
g [ = 2m
YT ca, T Ve CpA

sky diver example

v,.= 64 m/s (140 mph) L=417 m

m=70 Kg: A=0.7 m:
C=04

p{air) = 1.2 Kg/m?

4-25



