Srarics = STudY oF 08ISCTS wwoss @ = O. =

ZI.T7YPES OF EQU/ LIBR/ M

A. EQUILIBRIYM OCCURS IF a oF THE pBTECT /S ZERD,

B. StaTic E@(//L/ER/UMA: BoTH Z=o AND 7=O,

C. DywAMIc EQuitiBRIYM > T =0 BUT V = SOME CONSTANT.
THUS, THE MASS MOVES AT CONSTANT SPEED /N A STRAEHT
LINE, |

ZL. EQUILIBRIUM oF A &Rr/cgé‘

A. Far7rccs = A4 Po/nT MASS wiTA Ale FORCES CoNCEMN —
TRATED ON THAT PO/NT,

B. Recipe :

/. PuUT A DoT ON THE CENTER oF THE ORT=CT

2. DRAW THE FoRces EMANATING FRoM THE Do7-

3. WR; re e X ans Y EQPUATIDAS For A/Ea/'ra,q s
SecoNdy Law, ma = I F .

Y Ser Ax =0  AnNd /4\/ SO AND Sowy& ForR. THE
YN K NOWNS,

C. ExamprLes -

s A /39 ke STREST /84T HANES FROM TWO WIEES.
z 7 - 7 e -

FoND THE TENS/ON /N EACH ROPE,
Ay = Ta cos 30.51~ Ti cos 6/, 73 6/.93
\7Ay = 72 5/ 30.5/+7 s/ 6/93 — /380

O = 72 €0s20.S/ ~7; cos 6,93

<D = T s/n30.5/7 +7, s/né/. 92— /380
. ¥6/5 73 — ,¥705 7, SN T = 70N
507772 +.,882¢ T, —/380
(D = L83/ 7. - T

O = ,575% T *+ 71 — /544
D = 22,4064 T3 — /)SéY
7o = 6SON

\
S 9




| | 7€
ZANTU I1T700S 2 &) T, > Tz BECAUSE ROPE /| SuPForTS

MosST™ oF THE wWEEHT , KoPE 2 /S JuUST HELP/AS To Pucc
/7 S/PEWAYS A4 B/7 ' E) o PuULL THE ROPES Ps‘c-

FECTLY FHORIZoNTAL, BoTH T, = X upn T = 00,

. 7 2 s Pt
RoPE 3

2. T P FInd THE F7ENS on /N EACH ROPE.
(+) « RoPE 2 Rore / - T 0= T,-Fg
F 0=7T, —&0
m =98 ke Rors ! . [7-’ = &on
To
P 2 - -
Kors Aw or T | 72 = 204
T O=472 —%0
-
EOPEE: 8@3 0'—'7'3"'37—:,
' T O = T3 —

2 FoNr A4 FOoRMULA FOR THE
MIANMUM VALUE FDR N 5o THAT
THE BRICKE WiL Nor MOVE,

WAy = gs/vé—/j mAy =
O = Fj:/ﬂa-/fc o =
f‘;c‘ = GS/MQ A =

LeymA © Fr =/UF;,




a) G VEcTOR P/ERCES 7‘/7‘5' BA};-“«‘ oF 754,/5 0,&:)"5(7-

o , 77
TII, EQUILIBEIUI OF A Seocsp OBTEeT

A, PEFIn s 770MS

A CENTER oF ERAVYTY = THE PONT AT wHiek we can

CONCENTEATE ALL OF THE JNDIV/DUAL ERANMITY. VECTORS
WITH oNE ToTAL Fy WHILE OBSSRVING IDENTICAL
RESYLTS,  /NTUI/TIVELY, THE CENTER oF ERAVITY
AS THE BacANCdG~ PO/NT, WHICH DOES NOT NEC—
A.,ESSA/E/L7.‘,/1'AV5' To BE onN THE o8ITE<T, To EXPERI—

MENTALLY FinD THE CEATEL OF &f&’AV/?‘% W & ns
A PLUMEB BDOBE. '

L STABLE E@//LEK/.(JM AN DB:ré'cT /5 S?‘AT’aA/AR7
_JF WE DISTURE /T A BIT, THE 0BIECT WLL RETURN

T TS IMTIAL. PossTroN. AN OBITECT wiLL BE N
_STABLE EQUICIBRIUM JF =

‘_ e TR

L) THE CENTER OF ERAY) 7-7 IS BELOK THE Po/neT oF

RoPE =
44/1/ PuNT 6F

SUPPORT,

g C G' 5735{.’_;

SypfoeT,
) MLK("&

MASS /—JAN&/N&
_ON A STEING . .

3 WNSTAELE f@y/a/gmz«;m = THE omcr 1S _STATION =

- A/eg. . ME WFP/STW:BT#Eaafé‘rr;/r/wum/\/— -

L TINVUE To MOVE SO THAT )T LDWERS THE ELEVAT N
COF ITS CENTER. OF GRAV/ 7’7,

. _CAR_ PAEKED

‘r LON. A HILL
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¥ NEUTRAL EQUIL/IERIYM = THE ORTECT /S STAToMAR Y,
/F we DISTURE /T, THE OBTECT wite. MoVE BuT THE

_CENMNTER DF ERAVTY BEMAINS AT THE SAME ELEVAT/pA,

I &

- P e - -

5. OBIECTS NuT /N EQU/ILIBRI It WItL SPONTaN EOoUsLY

e MOVE AS THEY LOWER THE ELEYATION oF THE/R
L CENTEL. oF ERAVIT Y. . PARKED TRUCK
W/TH TOP HEAVY
_ LDAD,
F3
) )= NEUTRAL EDUILIBRILUM
- 2.3 NoT /N EQUILIBRIVM
3 = VERY STARLE EQUILIBR WM
Y = UNSTABLE EQUILIBERE!/ WM
S = FAIRLY STABLE CPUILBRI UM
i B TORPUE = ROTATZOMAL ANALOGUE OF FORCE,
- . FORCES CAUSE ALCELERATIONS, TORGUES CAUSE
- L LANSULAR ACCELERATIONS ;. THAT 1S, ROTAT/IONS,

. ma=TF  Ix=fx

T = poomEIT oF NERTIA [Kq wi!

K= _aNEULAR ACcELErRATIoN [ sec]

Tz TAN = ToEOUE =[] o o

e IN STATIES | WE WANTT ON ROTAT/SNS, - XK 20,

0 =3, /. To FND ToRQUE B

L= rFsn~nE 8= ANELE BETWEEN r ans ; |
EXAMPLE = LookNE Down) DN THE Dook, ‘
Ay . XErfswge’ =T rF_

. w=rFswe = r{Fswe ) o

r_Ms_ ZT=rf

RN .
F, = THAT PART 6F F wpicH CAUSES ROTATION. .

ZF oy z(rsmnB)F = rnFE

e
s Mt = SHORTEST DISTAMNCE FRoM
THE AXIS To WHERE THE FoRCE BDES RY, i




2, Uvirs: 2=Lnm] oe LAF lbs | 7
2 Sens: (+) crocews € , ) counTERCLock wise

Y EXAMPLE T EXAMPLE

b szt F=son A 4mzry  AXIS
F = 20N Axis F,,-/su

A /00 . T E -é’S' o = 200

COND/T/O.US For E@é//L./Eﬂ/uM
azo o . Cx=
0 = Z Fx fégf(‘g) 0= Zfy D%;ﬁg“) o= Z ’Z’,gcff/{t}
_NO HORIZONTAL MsT/old  NO VERTICAL  NO Ro7TAT/AAS
_RECIPE > 1) DBAW A FoPCE DIAGRAM FOR THE OBTeCT,
z) PUT THE AXIS oN AN UNENoWK FolcE, )
o _3) WRITE THE THeEE EQWIL)BRIYM EQUATIONS, Sbwcr |
e \,,Mp,v,_;éfxgwﬂf:aé‘ G/VEN . ALl DISTANCES ARE
Rt B 1o pmasumed FRIM THE AXIS,
I \lu—‘ yson " Ewe F, awb P,
lv: o2 F+B ~YSO P: 02 (2)(450) ~(r)(Fs)
_#r v FIL=450-90 =360 ty ﬁ- 90 o
T ChECk OUe ANSWER:
1, TOTAL FORCE uPwarp : £ *F = 45D @7
BRI = SINCE. F}-_/s NEARER 7'%-’5' COAL,

U T S MO . __TORGQUES BALANCE.
,ax/s

~ AL E% 45
. EX/IHPL&‘ 511/5&1 szg "
L ENb_F_ans Fa, L
Vi 0= AR -YED oo lz: o —-(Z)(c/so)+/ S)s0)- -/de

FEY 7 2 SN 45

/‘/07'5 PUT’ T'A'&r UMZMJWN FORCE _AS._ uP LF 7—/,/5
MATH &IVES A ) NUMBER, THE FORCE ;s ACTUALLY Do,

/
s
v

e .\‘l A
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EXAMPLE ® Ly yen s FIND THE WEIWHT DF THE
I 2"
T T HOCLEY STICK ANG THE LoCATION

® Y Lo 1 29 ““-%
AXIS x , OF 1TSS CENTER DF S2AL4V/ 77,

F
: 3
‘Y&o = 244 -F J:u 0= ~(9)(2) ~(24Y5) + x(%)
. B =8N AT ) o
#| o |
, .,55(/4/*1?45__ 2 &rvEN: FoND THE LOCATON DP THE

e !!xf?‘-\ pye | SONTER. 6F GRAVITY 0F THE LoAPE)
, TRUCK, THAT IS, FING THE LoChToN

, Fﬁ--z < 900N R, 8000 OF THE Bac AN ING FORCE, F.
| lv:,_o: F- soov—g00p |2 F 0= () 200)~ (2.5} vo0e) +X/12009
 F=)2b00 N X=/5 n
Y Mg :
EXAUPLE T A HorseoiTAlL BOFPE HoLp A PolE
SCANTED AT AN ANSLE oF 22,467 &/VEN:

Fr DISTANCE LEMMAS
~ 26 po |
[

F ‘ 01’613»\. ic

N . ‘ .
Y -

Py Fa-l' F‘;?— m~.~_:f‘-;m~__._,
. AXS VZow Niy9OoN B
,,4-/3_34)522,6 =)z C= 26 siny22.6 = /p

B =26 ces2z.b = 24 Dmy PURE VECTYRS,
o F/vo THE F.akCFS EXERTED N THE Poer,
0=F -7 | o= r- - 260-/%0_ | 0= (r)(360) +(24)1%0) /0T
l Fx = 75’? l ch S6o l T =768
Y
TOTAL Foce EXEETED onN THE PocE 37 THE WAL,
7 Frorae  Fropy SNAE Ry = ?/é
748 b= 1an [Fy /Fx] =

23

——

soo

AXIS



g/
EXAMPLE * M/XED VECTORES, A HoRIZONTAL POLE

/S SUPPORTED By A WIEE WHOSE AMNELE /S 36, 4

CGIVEM © . ALL PISTANCES ARE MEAS—
| \ UBED Frar THE AK/S,
p X:’S, 269" o m Frus THE FoprcEs
"800 | = 200 L XERTED pN THE PUF,
x' oy
0 Fx — Fr’cos %.9 | o= F;, + Frsm 36,9~ boo-200
Fx F/o00us 364 | F Y = &00 + 200 — /000 s,; 3.4
g o0 M F}j H#00
_7:op= (sX(z00) +(70)(200) - o) Fr sin36.4°) l _?
o  F+ = Joop #

S - DO o e
ToTAL FORCE r
SUPPLIED AT AX!S Lﬂ__/‘é_: &00 - 0
Fropme = /l/F"—+5; =394 g=ran|"/ry [=27

. ‘ X
I&lég‘gxwg%c END, s Flles IF 8} = -{S)(Eoo)‘F(/o)(S‘ﬁa*) v

& PINK _FAWHE& gz/NS"m BLE Fof ¥ —~f2kcEs,
S HE MARCHES FpRUWARD, STAFCE For Y- FoRc€s,
i HE STOPS AT ED&F,

c'f  Zecrowmwre =(BFr)

™ X cpunreaciocrinse = (4)( /7 )
Tl < Tceew - HE 1% SAFE,
- F ?Hy'S/CS OF MUSCLES, G/VEN = Fub Fr
HuMeeus | | ?3'“’? . AND Feowe >

ANIS § Fr Qe 1 0= Fr—

Fe % RADIUS $F A 0 = "(A)( F'r) + (B%[F )

CNOTE: A AND B Al m—’,armb F@»ﬁﬂx&s
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Gy LADPERS : PYT THE AXIS AT FosT™ oF LADpER,
EXAMPLE * FIVEN T LADDEC s L}/u AND 5,
PANTEL © Mo, FIND THE DiS7TANCL TD Whick

WE cAN gAF€L7 HIKE, 1 Frir &
L

CAWS

:AP/STANCiéé‘fMHAS : A= Y2 cosb
B=Dles A C = Lsnv B
JX' O = F:ﬂ Fre ly O = Fur - f?z_
8]

/_NL‘ F FN =( ) ’f‘/}/}z
) _Wﬁz' Fre “/J/‘lfu ~/) (s T4 l / / >j
|z o= (A)(@,)MB)( Z')/FNI
| o=(" cme)[mg) DCOSé)(MLﬁ) (¢ SzNé)

Y b= L ,u(m,f ) FANE =

| - | 2 iz
FXAMPLK A /00 b LADDER. |, WHNKH JS 20 ¢o~5—

/S JNCLINED AT 40° /7rs c:ew‘;f'ﬁe. OF GRAV/T

s 8 Feom 7Ts BASE, Fine pJ so THAT THE
LADPER. |s SAFE, [LPMMA: A= Beosds” = Y

,B"' zo swéa“" = /?3

Fm by (B)(m) (A)( 5)
| AX/S  p= (17.3) P =(4) (/oo) Fua® 23
;f‘f; AFj S X : 0= Frna ,"‘f;c ) | |
. p=2:~F£  Fz=z3
LemmA Fr = F




