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Givens: W = WBD
= ÑOBD

d-+ h2=L2

0

AY : in terms of d)h.L.lt , w , iv. T , j

§FI% Frames :

J F Fed frameB F
,
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E T→ in
script B - body frame for bar BDletters( A- body frame for bar AE
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a) Find : Je got
0

8 F-
-

A
E- =V¥I+Ña*xr% d B

h=LsinO

find Ñt==É : D= LCOSO

To = J
,

⇐ is Jing : velocity of D with respect to
fixed frame F)

bar BD : bar AE :

8

%Ñy + ÑB/= ✗ ÑDB = ÑDIA + ÑA/g- ✗ FDIA

substitute : Ñ•|== WE ,F☐↳=LÑ,ÑAr+=ÉÑ,Ñna=hÑ, ,ÑD|a=hÑz

WE ✗ LF , = Ñr^z+ÉExhÑz

substitute : F, --

COSOT-isinOJFz-COSQT-s.in/oJwExlLcosoi+Lsinoj)--ñ(cosdt-sinotjj-oikxhlcosdt-s.int J )



substitute : h=LsinO d=LsinO 4=900 ( at instance shown ,)
0 0

wdi-wht-fhcofsdii-h.si/ndJ)-(iohcfsdj-ohsin/4I)
① {wolf -wht __ hej - it hi }

solve for Io :

i. to} → - hw = - 4h

&=W_ WOW, crazy !

bar AE : rigid object → ÑA, ,==ik=wÑ

JE = BAG ✗ÑEIA
= WE ✗Hj

|Te=-Ñ



b) Find : a-e-
I 8

a-⇐ = Taffy + Ñ=É Foa ✗Fela - WIFE /a + ZÑA ✗V¥~

need to find Jt :

a-☐ = Ñ☐ (ÑD is Ñ☐1F)
J J 8

Ñ§=°+apÉÉy×F☐,,
- WBZFI, , + 2ÑpxÑ☐Ñ, =Ñ¥¥+Ñ☐% - WITH + ÉA ✗Tina + ZÑA ✗Tina

substitute : Fors -

= WE Ña=Ék
WB = W WA = ¢ _=W
ÑDIB = LF Piya = hÑz

V¥= ÑÑz

WE ✗ LF
,
- WTF

,
= - wah ñz+ÉkxhÑz +24K ✗ in Fz

substitute : F, = COSOT + sinOf Fz = COSA T + Sino J

WE ✗ LLCOSOT + Lsinojn ) - w-Llcosoitsinoj) = - w
-h¢054T + Sinog)

+Ékxh(Cosa T + sinog) + 24K ✗ ÑLCOSOT + sinai)
@ the instance shown : 4=900

and recall h=LsihO ,
D= LCOSO , it = W

w LCOSOJ - iolsinoi - w-Llcosoitsinoj) =L- w
-h ) ¢0440T + sift;^)

+¥hcfs%j - Ensino't) +4ÉncoÑj - zoiinsiñoit )
②{Cod -wah)j - Linh +W'd) i = -want + (- in - 2Wh

.

)T }
we need in : lose earn ① from part a)

① {wolf - wht = in j - Ini }

j . → wolf = in J → in = wd



solve for ¢ :

i. {②} → - ion - W- d = - in - 2Wh
.

Wh + wed = É h + zw2d

To = Ñh-nw→

substitute back int JE

a-
E
= %A ✗Fela - WIFE /a

a-e-=WhjY Ex HJ - w2×1+5

|ñe=-HwJ-#n(Ñh-w2df-

Alternate solution

to (b) using
polar coordinates

→



Recall at 0=-5 :

d
Sino =
jeg Sino = 1

Er . éo = cos =
l

cosy =
l cos0=0jez-djezy.dz

R Rsin =

since-0)
=

since

R d
R = d

since

10 ⇒
. - .

Sino
e

pi = doctor- oiaoso =
-

diocese
sin -0

= - d É (F)e'+dz)
sin 20

pi = -
wide

Jd- + ez

É R t zig pi = - wid@r . éo )

d-0% R t 2(wisp ) ( - w☐§l_) = -wind
0% = 2W,}

d ,¥ - WI¥
= Wpa ( 2d't

- ldpi ) =w; ( 2d
>
e - dd(d4e7) = w☐2 ( d1

- id

R" 124 Ra )
a decd'-e4ix. (0=-5)= WD
lead2) 2

b) Find a-=L

Using polar coordinates : a-⇐ = (
°

- H# I + (Hix
' +21--1%15

AI = - HOT I + Hojo

what is 0% ?

↳ use a-
☐
= ÑD

( in - hix ' ) is + (ztiixthoj ) $ = ( Lui) I + (ziiw + Lai ) @

{ ( in - hot) is + ( 2h
.

-0 -1 hit ) $ = - Lai ri + two ]

{ ) • $ : 2b¢ + hit
'

= - LWZ F. I + Lio E. I F.§ = (ceso it sinoj ) • C- since + cos 05 )

21h01 1- HE = Lwacosotlwsino = - cos .es/inoI+sinocosoT
solve for ¥ :

= - coso

ix. = Lofaso
+ Liu Sino - 2h

.

it 8. § = (- since +cosoj ) . C- sin + cos 5)
h

=

sina.si#-cosoooso0alsod--Losoh--Lsinoix--wjj=dw--hw
- 2h

.

w
= Sino

h

From part a) equation ① :

① Lwcosoj - Lwsino i = tij - ixhi

① - j : Lwcoso = hi

hi = wd

Then oj = dw- + hui - zwzd

h

=
hw - dwz

h

AI = - HOT I + Hojo

= - Hwa ri + ¥ Chai - dat) ☒



Ñ=wEre^• 'ei
E- érxéo

✓

•A

0

eie
,

^ér
FBD : acceleration of com of desk :

, , fear añ=•Éro4ér+lr +ziéieo

④ is constant ⇒ É- o

^
⇒ aa→=C÷ - rioter +ziiééoNeo

AMB of disk w/ A

EÑÉ=E¥A ⇒ F- ÑÉxmaq+IGÑ rÑ=ReÉ = ok

⇒ E- ( Reno ) ✗ mtcii-rieter-zr.ieI ]+I%ik^
rid{ - Rm - rid)k^+IGñk^=o→ } ik ~

⇒ - Rmc - riot -13GW = ,
I-1T¥

Rolling constraint :
slipping Velocity:p * Eww ⇐•⇒ ¥1 Ñ+1¥at=É+RÑ=o ⇒ ii. = -÷§
Com velocity
/
plug Rolling constraint back into AMB

,
eliminate W•

Their direction
(along the arm) - Rm CF

.

- rot)+IG(-Ép)=o
ridmRrE

⇒ É=
MR + q§

=

It
I"

m R2
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