MATH 5600 Sprng 9! Differeahal GeometyTaleetome Fial 2P0
3

PARABOLOIDAL CoORDINATES ON [R3

pZ plane h‘ansfuma‘\'i}n',
X= .Plsg = MY (os@ p =MV
9 = P Sm(_? = MV Sy Z= %@2_-))1)
z= 2 = L) x
‘ e ftevove arvund Zawis
cylmdncal ?arqbo\oia\a\ +o get 3-dim P! chure,

M,V word surfacesare
pam'oo\as o{' revolution . The @ cwodinale surfaces ace shil
the E: HalaCP\anes. The M and Y wordinate lines are
pam\oolas , while the ¢ coovthinale lines are shll cirdes
about the z-axis., Fromthe fl.gure one can see €y

that {€u,€5, €¢3 = { You, 997, e§= Toox!
5a ngnthanded frame  ( €ux€y 15 dlany e ).

The coordinate runges are
M=z0, PZO, 0£gLW.

1) Show that the ‘}mns‘%mo:\‘lm behween p and Z
ond )\Lano\ 2V may be 1hveried to O‘D\ﬂin

w=JZ+ 2z , V=N -ZHZAp s

so the ordinate map s Y 0 I,
U= \ Z 4+ (e, V= [z+{@gha | @= tn %t Lﬂ; 1ng;

- \
2) ComPu\’e the fmmﬁ:mﬁm mamy AR ;= %5

bywa\uahng the C\‘gcren\‘m\s dx ‘- A“(i’) iJO\YJ i
o3 )
3} Since %L-’ A l(i)% ) ) the Co\umns af A’(—ﬁ) \‘epveSen\‘ 'ﬂve
Carlesian coordinale components of the new covdinate frame vectors,
Thetr do} products | cnsidered as vechorsin &% give the dot Pmducb—
§15 = Ei'éj o? the new (A)m\\nq\—e ]qune VCO\‘-'OFS S\xow'\‘\'\a*"'ﬁ\ey
ave or')r\f\ogonq\ and evduate their lengths , namely
)= (AR TA®.
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Using these resulls > EXPress the metnic g = § 3 dx '®d X’
in this or\“\nogona\ cordinate system,

4q) Evdudte the onented uott volume ngm
M= dx'Adyrdz =([det A™(%) ] dX'AdXZAdK3
dmady A dep

4rAT .
Since (dev A (X)} 1s positive , these are onenred  coordinates

ad  [dek )2 <[det A ],

5) ‘n\‘\"oduce ‘\'\\c assoa«\'ed or"f\ﬁonomq\ fmmg
(0= teae,cil & ~@ReE |
(% = {whe® w?y  TT=(gy ) o  Bl=dx

Let Q(Y) be"'\ﬁe'\'\mnsg;)ma’hm matmyx betweenthe old and new

orfhonamal fames: Sh= a&)"j;. 85
Then this orthognd matmx s ‘ )
Y= @)Y P AT S, (nemmaize columns o ARY
\Whek 1s 47 —
A,

Take tts- Mns\vo.sc o OHT‘\In
Get- AC)O by dimding the yows of Q(X) by the same noﬂnahzm_, factors
used o dwnde the columns of AR . V , 7
- AR = RA&y ' (93&\ = 5".) ;00
@) By differerhahng the m\d\na'\-e map ef— part 1) and re-expressing

s matrix of enimies in fems of the new ccordinates venfy that A(X
[Chec\fz_a\so thak A A®=1]

s he vdue obtauned n 9).

s7




—,) COW\PA\.A'Q the \hdeQEﬂden\‘S\"MC‘Nf’Q ‘EAﬂc’ﬂons ag—*“\we orthonormg) ﬁ"ame
1C 8RS jeg definedly: [€5,€¢7 = Tse T

) Com\w\'e the COMPoneﬁ\'S ofthe covanant denvahve 1n the coordinade
and assoaated Or‘\‘\"\oﬁOrYna\ fmme uSmg‘H‘ve E"’hu\as

AdA! = @ = (Fipde)
ada’ = = (Feso®)

9) Venfythese results using the Eprmu\as \nvoluing the denvahvesof-
the metnc and the shructure fvmchw.

0)  Now forsomething pew , well notnew, but a puthng
‘H’nngs we already know.

C '>S\dex~’rhe ‘ fv‘q Emw
! > coovd ma\-e me
(Zi ') mn

ula %

t \\ M e
amr‘n;‘"B‘)P My + lelrmﬁj — \PH nQF mj
= B[mr‘\n:jj'fap‘{m;? FQQB'J \

= RlJ{mnj
gr.’)\aa\'\sgm
L - L pl M

U= 3R jmdx =

! mn \
;-Ll [Q am\_' nj:) AX | + ap EMQPQ"AJ %lYMhB

LO\(D{J}mn NN hl‘MHSHMMQ —
= dwl; + wigawd L'sn W Jon
By ntroducing o curvature  2-form eI -’_2— = -@2-\ JX
P 9

One ¢an wmore c%,o\en\'\v (DM\?U.)(E fhe curvature Yensor COM\>0nchJ\’S
JL= d® + WAW

w—"

N . .
Ma‘\‘r:\\k‘)\‘oduc\“ o& matrix ndices .
wedge pmduc)rof A _gam matix entnes:
readof§

carvahure fengor compoments — matvix indices gwve \e‘ﬁ Fq\.—d&%emur
indices , ¢ cem AF AX™" gwe seumA ‘M\r,

I{weuse?ﬂis nthe new govdinale frame!:

T=dB TR = J(AAR) + AN A

A A dA™ + by dA
=0
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B AA'=T - [dA K +AdA =0 1A
dA + AAA'A =0 = dA =— AdA'A
so dAAATs —AKTA AdAT = — AdAIA AR
A

wedge can be qn\du\\erc belween Aifferethals sina
matryes ave Just ﬂhchon; and can be P\.d-angwhare
as fuckors withy \-esecd'-\o the wedge product.

hence _T)_ = 0,

Fu——

6{:<,ourse we kneu the turvature Yenso— to be zem N but this matmy
method most eggnen\‘\g achieves this "C;M\\f. ,
Mhote: if QA bethers you, here 15 an example of 2x2 matmees of A—foms

of & <AB _ <0(AA+ BAC  oABRYBAD
>/\ SAA4SAC  yABY3AD

where all the entnes are assumted Yo be  A=forms, (onin fact, ?—ﬁm's).

L

) Ymov\\9 had to follow 1), not “do dhg*\%(hg“ Now, from your results
for MR you can read 0% the componen\—s o{: e avanant denvahve

, for the 2-dim spaces- (pmbo\m;ef revolulon)

v:Vo W“H\ WC gl)s = \T“Vo T on “"’h\d‘ M)Q
dv=o

are ‘oca\ Coordlna"es [T"‘esc Components can only bedeﬁncol
bg'“‘\e Z-d\mens\onq\ ‘f;rmu\a . Yems o@ '\*\e metne thznv'ahuas —3
what is the  2-dmenonal mabnx (@ W =(®6Fe)= (@’P ¥e dYY>

where o) @7.,..; = M)¢ md‘_(95(|)3 ,I‘Q_,,numh:rs).?,,, B
Now compute The 2-curvature J-fom matex ,
@ o= d +PeAP - '"(-Lm R g ¥5dXnd )
Read oq the fwo com?onerérs (ZDR g m (73 Rjuuq ] |
Does @Ruquq“@zﬁ(““?




0 = ~-1@p M
VZ) Evaluate ® R QQ? - Cg?f() R Puy .
what 15 the value at M=0 the vevlex of e ?ambo\a a(:v-evoluh‘on?

)
The qu\go\q Jhich t5 revolued s Z
= MYe M=%
2= %Q.{Z—Vf) = 4 @2/%1—%2) > r
. =~
The curvature o( ‘“ﬂs Pam\oo\a G“" omg PO\’W\" ar;f:;o

comes ﬁom the mulbivangble alaulus fbmu\q
K= | 4%2/4p?)
[\ +@2/°\P)7'13,Z )
Evaluate X (p=0) and compare i+ to the value og— © RM@/G??.
Doyou ‘nehce any relahon s\w\p?

13)  Show that the At coodindte lines are geodesics on these
pacgbdas , but Prat the f wovdhinate  lines are not

D ‘\/\J‘hd- ‘é the S\r‘vg\e (nchendmlr srruchure Emc\'wn Caﬁ‘?
for the 24w orthenormal —ﬁnme ?

USQ ﬁ' \-v wmpu*e 'Hf\e SOvv\VOnenBoF ‘H’\c a\jaﬂaqjt‘ AMVGHU€
In the orthonomal fmme: @)PQQ%‘

Use 'ﬁ’\enn Yo S\f\ow Frak €,Q and e{p\ are pan\\e( ‘\'mnfpor\eo\
a‘mg‘ ‘H\c M Cov\f&\mqk limes,

lS) Al of these cdm‘)u‘\’uhc;hj (withthe e;ccep‘mm o{ the curnvature Zf-fbrm
nojﬂl*‘loﬂh> have beery done wn“") erther cy\mo\ neal or ¢ lencal Coodinutes
‘inthe notes, so you should have ne P\rbHews 1§ you understood ther.
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. 3
) Let fI: L 9Gxdy, + g,

I{V: soone gdx +~xd9 + Wy dz
Evaluate I‘V In pqra\po\o'w{«\ wordinates, Find X in these coordinates
Evaluate VEMX ]

let £ be the Zsurface {V'—‘Vo
0L ME Yo
paraneh—;zc(l % {M,SO}_

what Chowwf normal does this mneroﬂcn}'ﬂ%oo
'MP‘j by +he ngH' hand ule? (muard/uppe( or
Oubertiard fdowner (7))

LOO‘Q‘”9 down ‘60!*\ abuve ) dka%s the nduced onenlahen of 2z
clodewiseor cunlerdodewnse?

r_ b
hs on pages 1SZ-1S3, venfy Stoltes Thm S;EI - go‘x
Pr X @;parﬂc,), | | |

18) Thats all folls . Have fun, Stop by 1 you have any difhiculty.
L need your work by Spm Fnday May 3 o rMake up gradesfor Morday.
Wi GAS-T335 hi 521464, ( Slippage to Monday noon if

~ you really have a ime th\.m,’l.

el



TAKENIME FINAL WORKED PRORLEMS
P‘: MV Y )):P/M of M:P/))
)

2= L) o L(u% YD) 2= H(pH 1Y)
ui- 22mt—p2 =0 Az + 2= P
_ Y4+2azy2i-p* =0
1. azi{42%v4pr_ J
M 2z pe= ZT+ 23 +p2 Y= -2zt g
> ‘ =z
Z9 <

=~ %4p? )
M= Jz+zepe  (M20) ZJ'M

V= —zZ+ e (v zo)

2yl - TANYL-|
Note ZZ*(J1= 402Vt 4+ u MY LyyY _ @f_i.‘ﬂ)"
A al R

4yt =? e 249t
v <) r= \S‘le"o‘é’—‘ &%})

2)  X= UV dX= V5@dm + Losgdy <= MY Sinqdy
Y= WVsing dy = Vs dik F usmedy + MY (Syqdy
2= L) gz wdm—vdm

A—\ (.)-O - ¥V (05 A Cos¢  —uy smy -
L sndg M sy MV Cos
M % o |

. K - . A rmma®.
3) | 9= yﬂwz G = “+v = M%;"

9= Si:,‘d.x.!m_dx" = (Y [du@du +o\-yw\VJ + m)qu) ade

4) Rowexvqnstor\ on laskrow
- ' M oS =RV {reag —hv.sny
d@*‘ A (7() = Msing A (oSqT (‘V) Vs v (esue
= u(M) +v(uV") - MV(M"'*'V") ZO so posihuely
Oﬂen*eo\

M= muEvE) du/\o\v/\dq’ -

(9» 9""9“) R

o . - ;

‘5) eu"’@ﬂw‘t)a %’M > ev Qﬂw‘)L%’veq“@v) 2

3(““%) tdy wf= Mvde
ade

wh= @ du |



y M »
(%) s S oy @0~ siq]
a5 =] _» | ~
A M
@) sindf )2 s Cosg
M
groeoll =Y
&7'* yr) 1t C u-L +v‘b) \'7 O J
N Cosq an L
A= | ® @
% M . —v
@D G (e
~sing oS ce o
. X osq 2o s M N
A(X) = M2yy e 9 MaV2 — _ﬁ,(x(i))
= M e —v -\ ox?
M’Z;}C)Z COS(Q 1“7':'7’1 Slnq, M7+)z
"“v Sing oy OS¢ o J

‘> Now recal that iz =

M2¥y2 , So f’srexamp\e,

M= (7+ @))% uiy?
e L [dzs 3 RERE2aaB®IT () dey [22dz+2dntnds))
Z( ) /i 2 (24pi)va } = ZM[ Py ‘
= 1 { 2dez+’&\3d\i+ auzdzj L wdxsudya Wz
ZM AMeyy M(’MZ‘FQ?)

- MVesedx + wsing dy + utde
Mz ?)

and these components of d i are exactly the ﬁrs‘r w ol A (%), Secwnd wasimilar

“The last row comes f\«uw\ dcy = — SIN@dX '+ @SPdy  uwhicdh s the
Cghndnm\ condinate yesult prq p -Pqe.q Cie?\aced’ br; A'U

7) [@ $ ,64}] [Qﬁnﬂ) i D qu) = W v)“"z - (~ 5 > 09.
= ““""’T"“ co Cﬁ A=
Ty ¢ 29 @Zw"-) ey
%Qq\] [ (wiwr)y™ %A,om - €6 ﬂé:@;ﬁ’%

(Gﬁ QO} - [wzwz)"/z ; (574'))1)"@.2.] = (“zﬂ,i) '*1.2(r) @7'?))9 ‘Vyj% —
= -4 Oulhﬂ)‘l 9%, +3 @)™ 2V e g = @'%;;,@3/2 [~uep +7Je;ﬂ

B M
ao= @am | CPP =gmwmn 163



10 lethng @O=7Y"

A A 2e Bs H ye MC —AVS
@ W=AdA" = (zr)c Qﬂs €%p) ¢ (= MY
- T d| ¥s us wvc
) Mo Mg v
2 ‘ @() ) (,7.\’) M -V o
Le L
|TeS pe o L B
. \ R cond VS -MS ~LyC
/O € =¥sYy  /pia -MS
O S »yc du + c O MC aly + —C MC —=uYS dc{,
© o 0O -1 © o © 0
"M ' ] __‘.J_ —M o o —le
~ | @ @& © @ @ O D) ;
__viLodM+Mv OJV+OO".-)~ ¢
G () @z @ 8 vy 4
o © ﬁ o ©.3 e P o
A oops 7

SO it -ln..
or 99) (o= +(3is,e-Osei ¥98,8)  PIe= 9" Mije= @ Mije (orhy o)
Guu = 9= MUV ggg=MV

Maun = 2 (9““'“~9mﬂ ")_ r MM = ugrvz =) u v
me— (gun,v “91\&\"‘ "95{‘ M) R mH My = M'lN"-‘[CO Ju v

F,“‘M = 1(9}«,;& gmy ”Nw") = - VP?’MM = ;7?;7— = (Q) M-],“
Chuy =3 (Jomy~Jump F9wmyw)= M Puye ghon = 04Ja Y

f - X
same . . S B PN)‘M‘ .W'Wz
four Voo
grevond Y o=
eedd®)| » )
L 4 =i
Fagu= 1(Jeou-Gana 1) = 207, Pen= 30=7 ~
L M
Cqav= L@Q‘?W" )=k M,‘,-,Iq"" ¥V

Mg = 4(9wae- 9«-*9\«#% ~ 1Vt MHeg= 35 ¥
~ VM
Tree= $C N\ ey N D=~ V“‘M M= T v

S L Cg}”\, ,,,,, oS = vt =

1
A
Tgrg= =Yy, M= 3,




M
3\;) Mg(ﬁlﬁfz)"? X ’V:__. @1—‘;79,/2 ’u‘7-+'yl=i'
M _ W)L M"z“(%&?'z Y-t | 2

oM T (urR) T (wuyd W)
Q_M, —lwary -V

oY= TZ( YT (wmn "

2V _ -

ow T TR

E.?Z = — Mt

bR T T (U Ve

Ve _US M Ve MC -5

”~
e _ _'
& ——d-q" Mc Ms:VdstSC
L™ ¢ 0 M=-2 o
\/W__;f-——-w
~ pve ¢ Of dm pue —aC o) 4y ~Ys ~Ms -C
~MVG 2% A%+t — : de
[»1 v 0](" V) &é} jﬂ’f g}culw)’" N 7)Oc Aéc —-i

Y (wtae) [0 VAL [@edtan] [O0TRIL wde)
0 o“’*W)W—"’J'OO-MWVW;

o1 0
= [-\ o o _zT‘lj
O O D (M y \,’235/
ra A= Y = ‘S )9 _ M H
2y T @) =-T AR "™ o3= -'(u‘l._,vz)?/'zg‘r P
— "‘—-\—"“"\ Q .9 ' 7
= fy = - A — \ oo A N
e T s

-
f

%) or M= Tap= 3(Cape- (et rCans)
AAN — __,M_—-
Cond= —jgmman , Cava™ Sgmmn'e, Cada= (awyn, (HA97 7D

A= $CCARS- Cosa ()= Canp = v
Peos=L(c X\MCQ:)M rCoas)= Coap=

P“a@w@a@&{ 2041 C4a) = Coag = MO
4’ %(COQ@ G *Ca»»o)- Ccrﬁfk“ ST

i
—M
C T"l v

v

\GS



0\ D g = (MYt
) 9=« ) duBdu + M5 deody @ = UMW) %
3 - 0 ] dMAd({

Only the (omponenlrs T"“
Jk
on P«ge 164 webs no 2 mdices are relevandt here:

(2) y h 2 2 CZD Q ( 3 4 Z:‘ M — e
MEY Vo < M ¢ -
‘ M M ¥ , [ A4 = i C(M ‘ Q
) @ Ul{,ul

To get ®W th o [39) ©
ge )Jug\— delete the second mow and colum —g %)
( A MdM-F d .
— 90 )

) W = M o — Mam "M Yo
_ o) — MV,?
== [u?w} M—'] dMm at | d uds e
0 . M o @ = | ut MZ“’VDIQ‘(
wldg  MTdM

°\<L%rv ): ) -mad - wi-Me
; o IR rOVO L LS C

@
d%% = [ © Yo 2(MVY
W et MmN g
i dndg ) [ dfaa = Finna
| o) — =°
@y O o [mgn  —hed ] fade
NA A S 2% CIA | naw u‘Wﬂq \
Mthg M dm wlde  wdw
_____ ey
O | [ Yoy o ik
_ \ ')’o nd @zﬂl-sz)
r—‘ \ @uvD® (WSt )] wrdd
2,\, 1 &—ﬂ‘lde
My, M (Y Q
' = 400 +° A 5
= W +P0p® e
(1= 400 +PWAPW0 = N gy, | e dude
i e
DN - = | |
Q N“‘e— uzvo1 (‘DR“ - M2V0
QMg — (&2.}7/01)1
~ e L
QMM((_ ) R _ MzV
- - ne = o = (@
ﬁg e 3 =5 (M Ve 5t " W) P e,
wu ! )
P14 <( Y“‘D
2) R §06¢= (9wa) “Rque= iy

o




I Y S| dz cﬁ__z?_ = 1
‘2‘@ 2= ZVDLP ZVJI Z{@‘ 3%" d‘pz Vsl
K= WVt Kp=o) = L.
[14 PPp)* %
: 2
The re\«hons\ni‘) is @Q a@ﬁ@(’d:") = [K(Pr-'o)]
o ORUGe @Ok Sl | wke

KT

At the verlex any O"H’logonal ?a\rog verhcal plemes
%WU@'\ the z-axis are the same oand lead to

2 orthogonal esculabing cireles of best ﬁ— o thoge
Pambo(ay with the same radias and center,

The ¥ 2~curvature™ @K = thﬁi‘& there s just
the Prvo\uc\'c)g these fwo " A-curvahures * = -)‘701 ) (_See Poge l“-)

2 (YT 42
L—M)’°—A"—>>i>

———— Fz)r Vevy \arge M (n_>>7/o>7 (5.9 y‘,“‘ v Wt

- "fre Workonkdl cross-sechon,  (f-(avdmale cirele of radius
p= MY,) is a arde whose.  connecting veckor from
iYs cenler fo the Pom? of Tangency 15 almost along the
hormal direchon. Together wiith the osculahing ardeof
ﬂ\e amt:o\q vcrho\\ CVUSS‘SCC\'“‘*), one ob*tuns two
near{; orh\ogona\ circles o? best frl' i

- o
KC\'L\g - F_ - X"\;)o

qude Kym‘w’h % (fﬁ;))(ﬁ> - 7“7" j aPPV'bx\M?lMy

) equq\ .

@Wp o 4o 4




" Mo of Jod oo
nT AR 5% = () D
P hn = ﬂ‘t-fv,," PNPO)"‘}M‘ {'O"‘V\wﬂ" \/Q’J—or__
3}?:(?2-: 9+ [:lj”,_ = sod b mnaffin pamnetnzationd- gevdestc.
e 0
q lines
= Ao ul=o M=o
g=72 @'z @'-o
+ oroporhed o
2 Uyt ~ no¥ vawJﬂ
“HZ _\“/l'-t— [ Yy d¢ ng = Ji‘;}.‘ va% d&—_v _ n0+‘3e0425(c
dn D) gt T
Uk ,

4)  Evalue Cg ofput T ok vou:  Cppe —der
®ndgn = l(ﬂ Ca~¢+63.a¢)_ —ﬁCaw— S CH Y

e = lcc&za-c%*c" = 0 sfwne  antsyrm n s nbice
@A _ [©o-) L e dy) < 0) L@ NPO0
=X <|' O) n(ul*va‘)/t( | q))“ <‘g Q‘ﬂ"yﬂ)éq) 50 @en Q =0
/\/\
d90 = | .? ‘,0.’) ( z (bt "Q 5 ‘P T C > Q:«Lm)z |
ORMu= . [ CA DO doudfr
(Pna LM'Z_}%")Z P - L - W M_) Sova
S 1 orthonsrmal frame —or in gaNAY“ﬂ' '

W



a
W) b) Ve, R4S P,m €+ Pqﬂaea =0

\’)Veﬁ €g= er P‘? N ed =0
d
50*"\69 are aru“e\lmn a\onj c? w‘\!d'\ s 'H\c unJ’ hu e'ﬂ"ro ‘Hwe M
(bordma\c lmeS The rs\— e(tuqlﬂ'p says CM IS au)Lo?dm“e\ a\onj MY
hence the curve mugtbe a 9eoa\esfc

(5)  Yeah.

9 X'= AW The) i
1) [or OF S)f-ws| (g, e
T [ 8 B e | = o g e
X L'ﬂvs W o | ey 4 J

= %(u"-w"v)
R

T X

BT Te) = [owsewe W) 2 5 ]

= E_ Niﬂ'@.‘.. M))L(‘S +,,,_£_;..%L+,y1) LI MY CS 4 MYYCS _,_,,__M(Ml.,.w:)i . &ZVZ. ]

[H(flfvf)l ,»‘V(Mzww o Wl (Bqu" 9w-YV 79«X> v’

T b ()2 (- w2y
. — D =) T (»bcvz (Mo\# Vdy) + MV dg
(TeuTf Thu= TrTuT
T Xar MT P, - ORI RTERY) 2
%(Buzw"') LR :‘M “"("’(‘)
N v o \ (—2wy = My—MY) = —
- I = XvM-)- Pvuuy..\.w" vI ,: q’(-uy L - s
~am) Cﬁ4 KK @%n(_”“"/)
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I(p;u=$q,u+%l— +P X+puq$’g -L

VQ X = 'Mzeu —MVQV +7LL_'€<(.

irward /upword, normal .

Cu=E, E.,EZ onen;chE'[ outer so Ex
gluves induced or\enh\'}'\t‘m
countertlodiuise ‘ﬁ’vm above.

PP M:;I)/a U,[30 HEANEZT 5 an onenled ?ammo\"nza&nonupai,
Y = Vo =0
@= ) _1

Tt - ’v ~vd W
§s_ SQ* 2 (mdm—vdy) + NV

_ S”’ A [ D=0+ pd»] = 2myd

0

O\XV= 2 (Mmﬂ)(zvd\)/\ udu - 2 (uﬂ-&vz)(?.MdM A vdv) + 2uviduady

ﬂ_/""\_/ T . d d
- M"z) dandy — é My(u’-wz) duady Faucydvadyg
8 o
| —2mv (D) duadv ~
~— ,
| )
_ ~ | | |
U-:*V 0& U LV, 3 onented Pammelmzq\'wq o{- =
y= Yo o g2yrdan |
q= u? .
Vo
SidX‘V SS O + 2u' %2 du'du? +o-k QT u‘ZVo
“ = 21 Vo v
TheBnd (for real).
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A fokenome f\vm\. or g blackhde 7 -

 Didn} meanto suck you imto Hhis group project
at the end — %eredus\' wasnt €hou9\\ 1 me.

Thknow youware all anxious fo h\zeog‘

Please read over these notes |
HOPQ 'ﬂ’)ca made SOme (mPheSsLoh‘

— bob

( \‘ca\\g )‘\'\ms sg‘\\qe\as\’ P“ge)

V71
(-Fur now)




