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MATH 332-001, ApriL, 2010,

MIDTERM

Do not omit scratch work. I need to see all steps. Skipping details will result in a loss of credit.
Closed book, open mind, one page front and back of notes allowed. Any calculator also allowed,
no cell phones or laptops. Thanks and enjoy. You have 2 hours to attempt this exam. There are
3000pts required points to earn on this exam.

Problem 1 [300pts] Calculate or answer question {(may be multiple answers, you just give a

correct one)

' Ih-32
(a) Find f'it fw,) =ay , £ (R2—> [ 074
'FI(XJY} E% XJ.
(b) Findg ifglt) =(t) g2 R —> R"
V= |5
(c.} Is flz,y,2) = (z + 2y,y + 2,3z -+ z) a linear mapping?
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(d.) How is the angle between two vectors in R™ defined? y
Coe T v enmere — ot (V=W 1
V, W aenzere, . Cos ( S éi'V_V)H/I
(e.) Show f(z,y) = (2y+ 1,3z — 2) is onto R?
, 3 b+
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b+ 2=ty _ - .
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Problem 2 [300pts] Use the implicit function (or mapping) or inverse function (or mapping)
theorem to answer the questions below. Make sure to verify the interesting hypothesis for
the theorem that you use, I will provide grace for the fine print,

(a.) CanW=6be solved for z as a function of (z,y) near (1,1,2) ?
G xy,2) = XP+9T+3%— &
Nk %_ —_ 2% G%(I_,!,Z) = Y "'rl o
0%
&ht} Sin e G‘(“’;z) = {+l+4Y - =0 H‘ ’Gﬁ‘ou‘lﬁ' 3 art .Fu!‘“

24 .2 2 : T o = hbev)
(b.) Can 2?4 y? + 2% = 6 be solved for z as a function of (z, y) gear (1,1,1) o—@ G =0

W or (44 2),
H%,a,w G =22  and é (’g ;f/) = 92 #0 neor (\

//M, G (L1,1) = |+1+[—6 = -37#0
So g & oo —/’Arwwgév (’:/; /) s1h {’e‘}ﬁ)

' L
s pet  a sof %
(c.) Does the implicit functlon theorem yield that =2 4+ y> = 4 be solved for y as a

function of z fipef (2, 0) Qw,n o bdd.

ln an

GCx,f/J:: X%yt o4 =0 <= XPryTay

Nele 26 =9y and Gy(z,0)= 0 .

Xz%“ﬁm - C’f faﬁﬁ‘ﬂ‘f{' é\‘i f@fue,f;f i spéh h&AJ-ﬁ-’ff (Q/ GJ)‘

(d.) Where is the mapping F(z, 7 =p—acr locally invertible?

Flxy) = ( eplxlt, x4+ ep(s-I)
| | " o) @11 O
F!(Xﬁr") = {3@( e -1)*

1 - e

dob (F/0ur)) = Y lx)(a-1) & H 00
Thes  F 3 \amﬂﬂg inverkble b eoch
Qaam‘if' LA Rz e {(.\3 a)},
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Problem 3 [300pts] Suppose y(t) = (cos(t),sin(t),t) for ¢+ > 0. Calculate T, N and B for the
given curve. Also, find the arclength as a function of £.

V') = (oA, esd, 1) = //')’/7/1‘}// =

m

W@ftauef/ - s ‘-'—‘jo'fﬂfa—flbf ‘=
- tf_.@c@;m):-rm_g
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W= o, o) ]

3= Tx=N
= <--;m7%}'€:m,sjéi > X <-"- Cm?é“, “fl‘f‘\%f O:>
B

—— <Sl“hi? 9 - Cort g sth %4 %Pms?’i‘>

3
= \% <Sf‘f\i{ '“‘ ti@.ﬂ:f"! I > b(f)‘_j
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Problem 4 [300pts] Given that zyz + cos(z? + 2%) = w calculate

ow o
()., = ().
dw = 93dx + x%d§ + X ?""d% —  5in (x*+2?) (:Q-ﬁ:ck}: +9§ﬂl§;}
= (4% — dxsin (3% )dx +Xx3d9 + (X9~ 23an (<*33)d2-

.

(%:/_ )‘xr%’ { 4 )J‘f'}
= [aw\ W) = — s
= (W)X,'Er— a4 , Sj (%_%)X:% B —PxSin 53"{%’?@"

P

Problem 5 [300pts] Suppose that
Pry+z+ed =2 and g4+ +z+uwd=0.

Calculate (g—;")z. State which variables are dependent and which are independent at the
start of your caleulation.

Use w, ¥  dependeld o7 z%ﬁf\wd@@ X, 3o
W<dx +dY +d3 + eVdw =
dy + 29dy +d% + 3widW = 0
Y reWgw = - axdx —d%e

2949 430w = —dx — d3-

_ 2 ol -»0/%/
[3%’ Fw? / dw/ [»o(x ~ 3

— dx X = da
dw = oD /gg) / —dx — &7
3w? ~QyeW -

= —dx-d2 +9y(2xdx +d3)
= ((Ux% 1) dx +(2Y-1)d3 [// ‘W}
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Problem 6 [300pts] Find pomt(s) on the cirele (z—1)2+ (y - 1) =1 w]nch are nearest, éheaﬁ o

line z + y = 8. Use the method of Lagrange Imﬂtlphers

Let (x49) b pton C!f'c(.t: sAd (fﬁ‘f/‘ be’ ,Dam:i‘ Sh /?A.q .
Hham (x-1)¢+(2-1) 1 3‘ UV = f-—o (.:m 6,9
encoded by G{&yav}—— (Q»(f)ﬂ*ﬁ ”5’—‘_, va 5’)“0’
W‘ W;jé, - (ocots exffemcm cnf -.lf"-' N
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Me«% J of e grenys T -
VF 2 VG + A Vf; Lo SR
<a(>< u) a(\e )y = bty a(‘a VJ> j> o
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H@Wu ws %‘mﬁ '-=l canoh}"mn.f |

/ a(x uu*'-a}( )

V) =2, L‘é )
-—’Mx u) = 2,
—ale-v) =

BV SRR S |
L | )'a(}{w&x-ﬂ) = | ' ‘_,f’;-
| ':quu‘-lx-!-\——o /
= o I T | 3 +) with P
I SRR =

¥ '(.)(} ‘-&) = (\ + 'J% 3 J+ 43—,4) s ¢ lorert f.?w;'xtj“‘




Problem 7 [SOUpts] FlIld the dimensions of the largest box which can be inscribed in the ellip-
soid x? 4 3 +& =1

Hadi =114y
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i@ﬁf’ar‘*ﬁﬁ J:% %%Jﬂ o v
TV = R TE
v, .%,4" ...}..._’2"”
(Eg-%f Ex3 Exg > = A ox, 89, = >
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A e R
l/fefif?& .Swﬁrf?.- 6O D mbo G =0 874@/5{5
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Qul(! we  defined XY, 2 of mwg{!‘ hevna

= L = -M[ - 2
X=F 9= , T°NF "




(2,3).

Problem 8 [300pts] Suppose f(z,y) = zy find the multivariate Taylor series for f centered at

£ (x4) =

N o
= XY
=[x -2) +2a J[ls -3) + 37

= (x=3)(%9-3) + 2(x~3) +2(4-3) + £

| = € + 3(x-3) + 3(9- 3)“‘(”“‘ R)WS’J
%;! s ck/:rc) oﬂemuﬁé‘ ‘A’W
£05y)

= fa)y+ £{,2) (x-1)+ ‘IQ (1,2) (9-1) +
L d

z (&x(t,z (<=1} 4 E, (2] (em1)0-3) + £ 2) (0
gkﬁm_rf“' mjt}})(e)uw%\ wiel | Gc CQ']D’II?-'&&D. |
[I/m Feare 3 aﬂer

Problem 9 [300pts] Suppose g(t)

m&‘/%w% )

= (t?,cos(t)) and F(

r,y) = (zy, 2%, 9%). .Calcula,te (F=g)(t).
Y . ~ - e s
(F “C)(H=F oy 3ty = T X ;: e X ;
A% 0 —stnt 9 = ces
L O &Y
= S at (3}:}))(3}( | )
af? o ~sind
o dwt|

(At eud - #oandt
[
— Asihi cost
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Problem 10 [300pts] Prove that if /7, F; : R® — R™ are differentiable at b € R® then F| 4+ F,
is differentiable at b € R™ and (F + F2)'(b) = F{(b) + F4(b}). You may assume the theorems
concerning limits of mappings. ry§- Jisr

T F ¢ R e df o beR How TL, 1,
/(b@w ’f?’mﬂﬁémwﬁi;ﬂr ﬁ‘mﬁ j}?h—m—éﬁ?m Pineh 7%5&25

Dy N F(rh) = F(8) — L (4) )]
/’1“‘“‘3‘@ i /’l//

—er;r =2 C"”J/%@n ’%wwf/
Liir J(F R )(bh) —F 7)) - (LiwL, V)]

= (

—ry,

ﬁ')-—-‘ao” N H/ L

e s R e it . RSP P T MWMO t‘naart \3 e:{? LL,
s = fu //F!b#» “E =L 1) + FE{h)-F18)-L(h) ]
R EH ki
o JIE) ~E O =Ln)) g [ ettty (D)
h—so //A// | rs-%o Iy
=0 +0 both  of there
-0 Voarke  exisd and ace
Zeo  So J(Z’u'{,’" gdep
7% @f&%({}f %g % A 5-”%“"{’"&15 ﬁi r
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Bonus [150pts] Compare and contrast the directional derivative and the differential. Give an
example of a mapping whose directional derivatives exist yet the differential does not exist.
What important property is your example necessarily missing?



