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INSTRUCTIONS:

¢ Write answer in the space provided after the problems.
e Clearly show all work and circle/box answer.

e R™ denotes the n dimensional real space.

e Keep Calm and Enjoy Calculus!

1. ‘TRICK OR TREAT’

Determine whether the statement is true or false. If it is true, say so; if it is false,
explain why or give an example that disproves the statement.

(1) (5pts) If a space curve 7(t) has constant binormal vector B, then it’s a plane

curve.
Yes, Has 5 tre -

(2) (5pts) fuy = fy for any continuous function z = f(z,y).
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(4) (5pts) The curvature of a unit circle is 1.
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2. ‘SraceE CURVE’

Let C be a space curve parametrized by
7(t) =< v/3cost,—cost,2sint >

(1) (15pts) Find the unit tangent vector T, the normal vector N, and the binormal
vector B for the curve.
e
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(2) (10pts) Find the curvature function x(t) of C.
Xiby = [T%] _ AT B ol S o5t —snt > |
e |7 2

\
ph-

(5pts) Find equation of the osculating plane H to the curve C at point (0,0, 2).

W W@ has nomal wcko— T XN =

son B—<"_'1,35',0>

o the epuatin of He fhue At .
G-0)(%) + B0 (=% + (F-2)0 =0

=% —X- Ea =0
= X1y =0
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3. ‘FunNcTIONS’

3.1. (20pts). Let w = zsin(y — z) be a differentiable function of three variables.

(1) (10pts) Find the directional derivative V, f of w = f(z,y, 2) along the direc-
tion @ =< 1,1,1 > at (3,20177,20167).

Vf = <sh(g-2), Xosg-2), -xaws 27
b4
Jﬁ lcs.zorm,zomr)

=<9, 3.3

— l
Da’;((-z.mﬂm 20l6T) = Vi U | (3, 29T, 67)
= <0, =335« < |- 1 D>

= 7}(5, 2}, 206 T) = <9, 3py) , ~3@XT) >

= 0

(2) (10pts) Consider the level surface S in R® given by w = 0. Find the equation
of the tangent plane to S at point (3,20177,20167).

* 7,{¢ mm(,wdvr 4v e efzza-wf rW c{ :{(n-g{.z)ék 3 Vj ’*’
@ (3,171, 2lb T)
T = (3, 00T am) = <0, 31 3>

%Mbn a(‘l"{tjuzjzm“ /f/ue B:
O(X-3) + (-3) (Y4 —20r777 ) + 3(Z-20l671) =0
- Y + 21T + 2 — 20T =0

TM-Y+Z2=0
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3.2. (10pts). Let f(z,y) = sinz +siny + cos (z + y) be a function of two variables,
where 0 < 2,y < 2.

(1) (5 pts) Find the critical point(s) of the function.
'VJL @5 —SIh(x+Y) |, (os) —Sthix tY) ) =0
= {cosx=5m<xr<~() esx=ws§ O
=

COSH =sm (K+y) DOSX-'—.SM(K‘Y,‘:U @

O = 7( d or %=2M—Y ,

— L
= SUX=
E 5= &'j (PSK = SIM(2K) = 2SINKUS K =12 Cost (28X ) =0 =D X =0 o =
so x=I

3T s —
y TAD )’6’&

- - =2 -
;)_é._ K227y => Kty =2W. so (@ =» @P3X=0 = X=73 .}QL_. 2 — 4§
o ol pis ae  (£,T) (3 (F,%)

'(J—v

L) \GL B), (F,%F)

(2) (5 pts) For each of the critical points you found, decide whether it is a local
maximum, or local minimum, or saddle point.

H& = [ NK }"JJ _ [—six —easixty)  — cosftX)
& I

— (s (4tx) ~ WY —Gs(xry)
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3.3. (10pts). Let f(z,y) = x2 + y? — 4z — 2y be a differentiable function defined
on the the curve C: 22 +9? = 20. Find the Absolute Maximum and Absolute
Minimum of the function restricted on C.

Lix g Ny = Ry - 5 —24) = A (kg - )
YL = < :-xzf_'—x)\, >4 —2-2y —'(x%{—j"wzo) ;5’

=

-\ 4 =1

2
Nl—*'{_‘ =20

0 oﬁﬁb&[ﬂ: 4 L ae- (4, 2) ¢ -4 —2)
O (2. firz = 0164 =0
B (- -2) Juy) = fih = 20 AT =W

o finy) as Lol Max 40 @ (. 2)
q Gobal. M O & (4 2)

f“'mn& - maj L im0 = Y32
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3.4. (10pts). Prove that the following function is continuous Everywhere.

T, Yy)= \

$2+y2
0 if(z,9) = (0,0)
(Hint: Some trig functions have bounds.)
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