
MATH 4604 Spring 2019, Midterm #2

Handout date: Thursday 28 March 2019

Instructor: Scot Adams

PRINT YOUR NAME:

PRINT YOUR @umn.edu EMAIL ADDRESS:

Closed book, closed notes, no calculators/PDAs; no reference materials

of any kind.

Turn off all mobile electronic devices.



I. Definitions

A. (5 pts) Let V,W P TNSR`. Let f : V 99K W , S Ď V . Then f is

c/d on S means: . . .

B. (5 pts) Let V,W,X P TNSR`. Then BXVW :“ ¨ ¨ ¨ .

C. (5 pts) Let Z be a metric space, let p P Z, and let f : Z 99K R.

Then f has a strict local maximum at p in Z means: . . .



D. (5 pts) Let V,W,X P TNSR`, A P W b V , B P X bW .

Then B ˚VWX A :“ ¨ ¨ ¨

E. (5 pts) Let f : R 99K R and let S Ď R.

Then f is semi-decreasing on S means: . . .

F. (5 pts) Let σ P N. Then TNSRσ :“ ¨ ¨ ¨ .



II. True or false (no partial credit):

a. (5 pts) Let f : r0, 1s ãÑą r3, 7s. Assume f is continuous.

Then f´1 is continuous.

b. (5 pts) Let f, g : RÑ R. Assume that 0 P domrpg ˝ fq1s.

Then 0 P domrf 1s and fp0q P domrg1s.

c. (5 pts) Let V,W P TNSR`, f : V 99K W , p, q P V .

Then pfpp` ‚qq1pqq “ f 1pp` qq.

d. (5 pts) We have O2 ˝ pO4 Ď O8.

e. (5 pts) We have O2 ¨ pO4 Ď O8.
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III. Hand-graded problems. Show work.

1. (10 pts) Find f P O0 and g P pO0 s.t. g ˝ f R O0.

Hint: O0 “ CVZ and pO0 “ BNZ.



2. (10 pts) Let V :“ R3, W :“ R.

Define K P KW
V by Kpx, y, zq “ x3 ` 6y2z.

Let p :“ p1, 2, 3q. Compute K 1
p.



3. (10 pts) Let V,W,X P TNSR, B P X bW , A P W b V .

Show: |B ˚VWX A|XbV ď |B|XbW ¨ |A|WbV .

Hint: @k P IX , @i P IV , pB ˚VWX Aqk}i “
ÿ

jPIW

Bk}j ¨ Aj}i.

Use Cauchy-Schwarz.



4. (15 pts.) Let f : RÑ R2 and g : R2 Ñ R.

Assume: f0 “ p1, 2q and g1
p1,2q “ p0, 0q and g2p1,2q “

„

1 2

2 4



.

Assume: 0 P domrf2s. Show that pg ˝ fq20 ě 0.

Hint: pg ˝ fq20 “˚ pg2f0q ‚R2ˆ2 ppf 10q
b2q

` pg1f0q ‚R2 pf20 q.


