
MATH 4604 Spring 2017, Final exam
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Instructor: Scot Adams
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of any kind.
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I. Definitions

A. (5 pts) Let V and W be finite dimensional vector spaces, and let

f : V 99K W . Let p P V . Then LINSppfq “ ¨ ¨ ¨

B. (5 pts) Let V and W be vector spaces, f : V 99K W . Let x P domrf s.

Let v P V . Then SSf
x,v : DSSf

x,v Ñ W is defined by SSf
x,vphq “ ¨ ¨ ¨

C. (5 pts) Let V and W be finite dimensional vector spaces and let

p ě 0. Then OV,W ppq :“ ¨ ¨ ¨



D. (5 pts) Let n P N and let h : Rn 99K Rn. Then h is near constant

(or half-Lipschitz) means . . .

E. (5 pts) Let n P N and let A P Rnˆn
sym . Then A is positive definite

means: . . .

F. (5 pts) Let d P N. Let S Ď Rd be bounded. Then µdpSq :“ ¨ ¨ ¨



II. True or false (no partial credit):

a. (5 pts) Let f : R5 99K R8. Assume, for all i P t1, . . . , 5u, that

Bif P O5,8p1q. Then f P O5,8p2q.

b. (5 pts) O ˝ O Ď O.

c. (5 pts) Let V be a finite dimensional vector space and let n :“ dimV .

Then V is isomorphic to Rn.

d. (5 pts) Let V be a fdVS. Let | ‚ |, } ‚ } P N pV q. Then | ‚ | « } ‚ }.

e. (5 pts) Let S be a semiring of sets. Then xSyfin> is a ring of sets.
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III. Hand-graded problems. Show work.

1. (10 pts) Let V and W both be finite dimensional vector spaces.

Let P P P4pV,W q. Let F P SM4pV,W q denote the polarization of P .

Let x, u P V . Find a formula for pDxP qpuq, in terms of F , x and u.



2. (10 pts) Find a function f P Op1q such that 0 R domrf 1s.



3. (10 pts) Let f : R 99K R. Assume f P Op1q. Show: 0 P domrf 1s.



4. (15 pts.) Let } ‚ } :“ | ‚ |2 P N pR2q. Let f : R2 99K R. Assume

p0, 0q P domrf s and fp0, 0q “ 0. Define P P QpR2,Rq by P px, yq “ xy.

Assume f ´ P P O2,1p2q. Show f does not have a local semi-minimum

at p0, 0q. That is, show, for all δ ą 0, that there exists z P R2 such

that: both ( }z} ă δ ) and ( fpzq ă 0 ).


