SA6C846A-09D7-41DD-A28C-DDCYSDAGR2ZFL

#5 1 of 12

midterm-2-bdedb 'g
"

Northwestern University

Math 290-1 Midterm II
Fall Quarter 2018
November 12, 2018

Last name: So l “"HD n¢ Email address:
First name: NetID:
Instructions

e Mark your instructor’s name.

_ Caflez
_ Newstead
_ Norton

This examination consists of 10 pages, not including this cover page. Verify that your copy of this exam-
ination contains all 10 pages. If your examination is missing any pages, then obtain a new copy of the
examination immediately.

This examination consists of 6 questions for a total of 100 points.
You have one hour to complete this examination.

Do not use books, notes, calculators, computers, tablets, or phones.
Write legibly and only inside of the boxed region on each page.
Cross out any work that you do not wish to have scored.

Show all of your work. Unsupported answers may not earn credit.
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1. Determine whether each of the following statements is TRUE or FALSE. Justify your answer. {This ques-
tions has four parts. Remember: A statement is “true” if it is always true. If not, it is “false.”)

(a) {5 points) There exists an invertible linear transformation T : R* — R® whose image is the z, y-plane.
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pux if T 7s mvachble | fhin dbaCher T) 20
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(b) {5 points) There exists a basis B of R? relative to which we have
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(¢) (5 points) Let A be the 2 x 2 matrix for reflection across a line L in R*. Then the kernel of 4 — I
consists of all vectors in B which are parallel to L. (15 denotes the 2 x 2 identity matrix.)

Answer: T@UE
X 15 w0 kee (A-T.) = ’@A—I,)

Since A s Y‘Q-MQCJ\"D"\ acl 288 L) AXx =X

\»P a.wc&. o% l-(: _\Z- [ PMG«—Q-QL& to L,

(d) (5 points) If k is a scalar, then dev(bly) = kdet(f3). (I3 denotes the 3 < 3 identity matrix. )

EAn&wgr: FP‘LSE
T k=3, fran AX(2T,) - aua—[; 0@1
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wivle Y AXCT) = 3 1=2
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2. Determine whether each of the following statements is ALWAYS true, SOMETIMES true, or NEVER
true. Justify your answer. (This question has four parts.)

(a) (5 points) For a 4 x 4 non-identity matrix A, there is a basis B of R* such that the $B-matrix of the
transformation T'(Z) = A% is I,. {I; denotes the 4 x 4 identity matrix.)

%Answer: N ( VE E?.
TF  Hew A2 - nadri O ~F T s 7T o, S renonry §
C T(V)] ,B IL{ )ff}_g PDr-, d...QQ "\-(A A “34

Thox is , (TG, - (%], 6«00 ¥, e
T{,i) ; For- Q0 ? Thas Hre 5+éﬂ.r‘\-;f£.ﬁf'cg

nedriy o8 T nett be Ly Ts 18 =
Codrodseor tmen R wire 4old et AF If

(b) (5 points} For a line V' through the origin in R? and a plane W through the origin in R®, if (%) is a basis
for V and (i, @e) is a basis for W, then (¥, W, ;) is a basis for R3.

Answer: S OM&TT Mﬁsli
Tf = Spa,ni{’_f ancd l)\3 > Spm}eu\g? s
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(c) (5 points) Let k be a scalar. The determinant of the following matrix is zero.
0 0 3k*4+2 k+3
0 O 2k 0
2 0 k-2 3
-1 —11\ —k5+1 2
Answer: <OMET ) MES C}‘pﬁ-ﬁﬂg Rover tho's coliann
= = 14 VJ" 3
Aak (A ) O 3kt C(X;)) Jkt4Y L4}
QI 3

= fg(—(,.u+5)cgk\) = QT+l

T k-0, dak(h)=O.
TP k=1, oud (A): b #D

(d) (5 points) I, ..., Ty, are linearly dependent vectors in R™ and T' : R* — R” is a linear transformation,
then T'(%h), ..., T(¥,) are linearly dependent.

Answer A LwAYS
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1
3. (12 points) Let V' = span{ |:0j| .

2 3
[0] . [kjl } For what values of k is the dimension of V' the following:
4

i k 2
(a) dim(V) =17

2 3Tpyp [ X DY
[323]%’ OD% ke c:’:nt:%?io_

O &} -10 o0 L
RMan&.QQ.SS = L Hre vz»Q,u«Qﬁ. P f e ) we L (d &9,0&135
rove o leadbnr | in Hae BY column  and eitines
khk ;}Wld e ’{? coliaaant {oe \oo““g\) ) S0 0Q-’:\NC VJ

[ mver |
(b) dim(V) = 2?

¢

T k=% , Then Heeo 154 Y rel o otumins gre Vin

\ _ V‘A . _ (g Cin . ‘5“)
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A (V)52
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(c) dim(V) = 3?
gt k# 08, than fhare 1§ o /Qa&}\j | M Cact
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4. (18 points) Find all vectors Z in the image of the following matrix which are also in its kernel.
1 0 2
A=1 0 -1 1
-1 1 -3

(Hint: You may want to start by finding all solutions to A*Z = 0 and figuring out how this relates to the

given problem.)
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NN EE AR ER

[A*}O} - ¥ "4 oTppl 1 3 -4 1o
[ Al ~4 ; D}Qﬁl O O Oor0
& € .0 O o, O

KE TG =0 RS [as-% 2]
- ~ Yo i - S =1 | [+
X) DXI Ll'K} B X} + | D '
L ITF VS e \wme_cxl O(\ P\ thy's smgond H\Lrn 2.X: th
Y swex Had V- R S V 7S
veal of p, P\V‘—'-AX‘—D. Thas the

s 18 ol veddes of fe faea AX
S ‘H/\-O.:\' A"_)( O

P SiHREREREH

an§ woes 1S ﬂ-«QQ VQ'QJD(S] ’H(\D:{' cre . Hha
|
!

L"

/




E 4B7DD51F-2FAB-4£FF-E598-A659014EF448

F midterm-Z-rcdedt
1
#5 8 of 12

November 12, 2018 Math 290-1 Midterm II Page 7 of 10

5. (18 points) Let A be the 2 x 2 matrix for orthogonal projection onto the line y = 2z, and let B be the 2 x 2 |
matrix for orthogonal projection onto the line y = —3z. !

(a) Find a basis 2 of K? such that the -matrix of T(¥) = AT is [é gJ

You do not have to justify your
answer.

(b} Find a basis B of R? such that the B-matrix of R(Z) = BT is [

answer.

e » _ R
b {\EA, > See [’-’) 3\}

[1} g] . You do not have to justify your

(c) Find an invertible 2 x 2 matrix S satisfying A = SBS~!. You do have to justify your answer.

. R-Sm—--%" S > A 555 S5
= S SASB‘ [l 2] _.‘.\6 { '3] 1_ )_
')_

S 3| -;;

t Soludons P Va_rq})p(.{pg,ﬁpbi\j on your CITER_ afbu‘;es:n 4’,}4@
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6. (12 points) Let a and b be some numbers, and let A be the matrix

(a) Find a basis of the image of A when o = b and neither a nor b i zero.

* 6=b#0, fhern 400 He colurmans af’ A cre
LZ'V-’-Q ke Haod Resd coluow~n, So a balis
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(b) Find a basis of the image of A when @ =0 and b £ 0.
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YOU MUST SUBMIT THIS PAGE.

If you would like work on this page scored, then clearly indicate to which question the work belongs and indicate
on the page containing the original question that there is work on this page to score.
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DO NOT WRITE ON THIS PAGE.
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