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Northwestern

Math 290-1 Midterm I
Fall Quarter 2018
October 22, 2018

Last name: SZ’ lu b 2Nt Email address:
First name: NetID:
Instructions

e Mark your instructor’s name.

_ Canez
_ Newstead

_ Norton

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

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

e Do not use books, notes, calculators, computers, tablets, or phones.

Write legibly and only inside of the boxed region on each page.
e Cross out any work that you do not wish to have scored.

e 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) If T : R® — R™ is a linear transformation, then 7(0) = 0.

Answer: T P A 6

(b) (5 points) If A is an invertible n X n matrix, then AZ = b has a unique solution Z in R™ for every b in
R”.

Answer:
TKEWUE
i — T ——J ~{
wie B ovs everible AT=E D X=AYL
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(¢) (5 points) If S : R? - R? and T : R? — R? are linear transformations such that S(z) = [_ ;} (2)} # and

T(S(%)) = [; :Z] 7, then T is an invertible transformation.

Answer:
| FALSE
/\)D&!L AH/\_‘;.:? —H’\J, N\@w‘{“"l){ O{’ S 'S (\r\'\/a,(_'H\C)L’\ 1912 cat fa
Y e ddernmeend b, TH T were tnver bl
- L 1“ l
{(L\JLV‘\ ;‘31'5 o0 X RO “&a}‘ e anyes hiohe ) SO

fru prdact of ghrsa madrieal (e o ir ¥

[y

of T28) ot Ase ba nverflle s thoveever
’H/\.Q. w_@w\*‘r?) a[' Tas S no%‘ t\r\vn.(“{'\o\_g_ S 1CR l‘\,'
\(\QQ ,2,_:3 Lo rw-;v' A ﬁ D ] T(/\,waq.po.ag__ T C A L .';-;9

PNy e wiae

(d) (5 points) If a system of linear equations has a unique solution, then the system has the same number
of variables as equations.

Answer: ) LS c

N

X":S =C
- x4 &jﬂO

Q \/mm‘k\o\ig and 3 Qz/wﬁu{”‘olﬂ&
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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) Suppose A is the 2 x 2 matrix of the transformation that rotates vectors in R? by an angle 6.

Then there is a nonzero vector  satisfying the equation A7 = —Z.
Answer:SoMET) ME S
COS-Q wo e, \' vS V‘-/‘SL 9 =0, —r\/\"“"’\ ﬁ: COS 7 —Stn T _ -1 O
Sin T (=S T O~
= py v .
X
CC‘ {2 wShsy 1T LS hub . . ' %ﬁb %..Jr<- -\ Q _,{

=5 A = [Yl # X A v LY
\ O)\_ £S5 o nonzeo vecﬁmh

(b) (5 points) If A and B are invertible n x n matrices, then rank(A + B) = rank(A) + rank(B).

Answer: Nﬁ ]/E}Q
Sive A and B ot aver e e rank(A) = canklb=n

H’OWJQ ¥ A4 /N s W oy vt el l\ X ) 3° & el

S ox ottt N,
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(c) (5 points) Define a matrix A and a vector 7 in terms of a constant k as follows:

k k+1 0 1
2 0 k -2

Then A% is perpendicular to . (Recall: Two vectors ¢ and @ are perpendicular if 7+ = 0.)

Answer: S Hm £ T MES

AT =l k- O (1] |k
c | 3\ ~lo
d o L > a-dk
AJ V = ,sz . FD = k")(i")h—) =0

J-Yle —J = k-4 A =0

S 4

TE = then AT s prppndiolor k>4
Yo 7 I‘F O"”) M 20 oren 4 fgjgf SR 5Ql *-)Of“

d

(d) (5 points) A linear system with 4 equations and 5 variables has a unique solution, provided that its
coefficient matrix has rank 4.

Answer: N EVE Q
T g cotblciond motriy hot yank 2ed  Hie
S\jssm“"\ vt bve et then Hare TS

74

ot

O nL C(ee/ Vaxriﬁ\o\_g COV\gS’\c(./\,QK\&' LS e ore

o xx%\DV\S‘

\‘r\ Q mX&Q ‘k (NS AN 5
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3. (12 points) Let L be the line y = —3z and let T : R? — R? be the transformation which projects vectors
orthogonally onto L:

T(Z) = proj,Z.

8y
<

Find the matrix of T'. (Recall: proj;z = (—) U, where ¥/ is any nonzero vector on L.)

|

<L
!

\4
—~
54
S
-3
—
Loy
N
|{
Ny
Nl
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i P [ \O ‘Lai% | P I . O iR [ D [ ol
2 5 0 [ O | 2720 1A
o | 1-1) o | h-—l'\l © 0 00 D
L \ [
3Ry | ‘ - b - L = =
e S A A A R R
D l :‘L mﬁ) l = thl)g - )(L{ :l‘—‘)% A——&)@%—X
s ey ¢ : | &
c o oo O 0y, ky Fee
K, ~H4+ 55~ 3t
XL - ;-} ’o\{‘i ""’E V\)‘/\Q"{\O' S o g} ‘é Ce S0 Loy
h / J

4. (15 points) Find all possible ways of expressing the vector € as a linear combination of the vectors d, 5, ¢ and

QR Y Y AT

d, where
0
2
2
[De st ‘;r\)? 4./0,0 goﬁu_}l?ﬂ& {'D

o N =
= ot N

<
read wuendoers
ky t
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5. (18 points) (This question has two parts.) Let T': R* — R3 be defined by

I 1 2 -3
T o = X1 0 + Zo -1 + I3 2 ,
I3 0 0 1

(a) Find the inverse transformation T}, if it exists.

T =[! 2 -3} -

o - 2|f
e O |
[A,!Jt;]:/;@:mo;g \l*’>‘)&o©
o -l 2 1lol D O\*A’D"IO
o O U1 oo o <o | | o D "J
K}’)QL‘I. O :‘ 2 Oﬂ?&\‘u VO | X -
Cbo-d 0 -l DJ“‘" D o . o -
. . (Q;_*ll@g (./ D-
oo |, 0o0o | 601,00 |
“%TV'CY - | 1 -| -)Z)
o -1 2
o o |
—1
(b) Find & such that T(Z) = 2:| : ‘
3 . §
™) =[] a3 (-] malkipba both
= oA 1 Cidot by inver
3 o o | 3 0




4C6D4E20-0B3B-4BEE-B8C9-B52ABF0452B4 E' E

midterm-1-ccabc

#83 9 of 12

October 22, 2018 Math 290-1 Midterm I Page 8 of 10

6. (15 points) (This question has two parts.) Suppose T : R? — R? is a linear transformation satisfying

9] [-2 ~1]1 [-3
r[3f = [ e[ =[]
(a) Find the matrix of T.

o) - ) - AT 4G
c el - T D) s T TED BT -

nodyiy of

if

"
[
)

(b) Let S: R* — R? be rotation counterclockwise by 7/6 radians. Find the matrix of T'(S%(%)).

Simer S i rotedon \oj piy od\)'@r\g) SY & roteldon ‘Wj T

lo
= S(X)sTees T sl [T =[] OT]L.
Sin T cost O

s T(S(F)) = [: -2
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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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