Dawson College
Department of Mathematics
Linear Algebra
201-NYC-05
Computer Science
Final Examination
Fall 2023

Student Name:
Student I.D#:
Teachers : K. Ameur A. Jimenez, G. Honnouvo
Date: January 08, 2024

Time: 9:30 to 12:30

Instructions:
e Print your name and 1D in the provided space.

e This exam contains 13 pages (including this cover page) and 16 prob-

lems. Check to see if any pages are missing.

¢ Answer the questions in the spaces provided on the ¢uestion sheets.
If you run out of room for an answer, continue on the back of the

page, and please indicate that you have done so.
e You are only permitted to use the Sharp EL-531*%* calculator.
e This examination booklet must be returned intact.

e Good luck!

Question | Points | Score |
1 6

2 4

3 3

4 9

5 4

6 K

7

8 5

9 10
10 11
11 3
12 9
13 11
14 4
15 3
16 8
Total 100
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1. (a) (5 points) Use Gauss-Jordan elimination to find the general solution of the system.
(27, — Gy + 4y =35
£ — 2rp— 3+ 3rs=1
4
br; — ey + Try + 3, = 11
(311 — Bay+3r3+32,=6
(h) (1 point) Find a particular solution for which z; = =6, ry =2 .
@-640}§ 0o -2 6 -6;2
7] -2 -+ 3 7

_.__7 ‘{ -2 -1 - 7

—f 9 3 %)

o -4 /2 -1z e

y 2 p %135

@ 12 -12| 6 o o o o | =°
G@ne/c/ Sb/d‘hb’t
Ages %=1 ;r‘fs‘t’
-3 f o 1 o e ) )‘gf.r
(o ;s3I % Xz :-3-—31‘1—3:
X; = -2 -—ﬂ{ ‘?"7.(
As=§=2 [ ’ |
—b=X,=-2 ~ot 472 /%f/;‘cw/ar !‘rﬁ/d/)a;—-g
=y - -2 ot +14 | e
‘f:p X3 =2
=) ot = 12316
A, =7
&2 % :-Zr : <
: v X, = ~¢

) Xg = ~2-0.2 +7-3

= 79 - 19 = {_
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2. (4 points) Solve for X the following matrix equation:
) ~1
3 =2 6 1]\ _[-2 1
2 -1 -2 4 7 B
7-- i
(AX"-B) =cC

o AX =CTrB

o X =ATCT AR

= X =((cA)" +4 5) /:;:) (,::;)) (,o /4)u
a-(CT R
po=f L Zi .)
A"’?—:’(j ) (5 5)5=(L .
skdn 23 =(3§ -

3. (3 points) Let A and B be skew-symmetric (n x n) matrices.
Determine whether the matrix X = A3B*A? is symmetric, skew-symmetric or neither. Justify vour

answer with a proof.
(A4 =AY (5T ca )T =) AT )
= (-A)%-5)°C-a)° = (-1)°4a%8%A% < 475747

yo ¥ wr _Gjmme#;ﬁ

/
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dr+2y+3: =9

4. (6 points) Given the system of linear equations { 2r + y+ = =

Foi—

r+3y—2:=-11
(a) Use the adjoint matrix to find the inverse of the cocflicient matrix.

(b) Use the inverse matrix to solve the system.

e (d- 55N\ 5 s
/),.__ 2 1 1 } Gj(A)s {3 —ti —10 - £ = 2
1 3 -2 l -l 2 © § -10 ©
4{ T _MM%\-—*——._._______%___M__W_M_.“ i
o -0 74
de ) = -
HA s 5| = '::[-;-;orﬂf’r
1 3 -2 i S——
..... o : '5' 'J -1
-1 l . wi) _{
a) A *,A,”’/(A) S| 5 -n e
-0 ©
J) ¥ -5 13 -4 9 .
/3 i ol >
‘ T 5l ¥ = 2 d 1=d i
~de _ 5 -
- 3 o 11 "
1
= |-2
3

(¢) (3 points) Use Cramer’s rule to solve the svstem for = only.

2 O 0O ~fo 53
} 2| = o -5 25 :—_1
a =1 § S =¥

~10 53

—= 26;3"5-
Ce 2| =aset




01/08/202

201-NYC-05 Linear Algebra - Page 5 of 13
z4+y+dz=3
5. (4 points) Find the values of a for which the svstem ¢ 2+ 2y + 52 = 2a has

—2r + 3y + (a® — 5)2 = a®

(a) Exactly one solution. (b) No solutions. (c) Infinitely many solutions.
&R o ‘
) " t f 22 |
De TSl e '\ea-z
2 (= ~ . L
('2 ; a-5) & 0 @ah‘a’ré
e
/1 4 32 \ a) 9 “8#0 =
, 2z \2a-z2 lae RNEZ,-33
o 0 a-% a"~1% +M) L) e"9-0 and
a1~40a e A ] # o
o beleranf fE 5

&3 0%-8=0 and
01-—40574'?4 = 0

:7/0::3—‘/

6. (3 points) Solve for X and simplify the answer as much as possible.
(AB)7'XC*B™Y)T = (3C2AB)~1(—2B~'B'CT)"

X = AB(3C7A8) (o537 ) T8
~ .y 2, a 7)) ! 7 P 4
< AB(AGYT C L (-2) C@Z/B/C

Moy
= 2 3.-2
-tC% -2

< JI



201-NYC-05 Linear Algebra - Page 6 of 13 01/08/2024

-1 g 1 - 2 @
7. Let A = v 3,B= : 3,and0= ; . 2 2
2 11 3 1 -2 1 -4 oy © C:( )
a) (3 points) Calculate p(AB7), where p(x) = 1% — 3z + 2 '~? -4

K= AR = “c’,“ ( / ) (—-/o -9
~{ 5 )
XZ _ (—/0 =5 )( ~10 | -g ) 109 735’)
=1 s ~1 (K‘ 3.’.

z 108 + 30 +2 138 + 27 (/4{ 162
K mBEFXED = (,;—+_3 34-—;}“#2) L 2/)

b} (4 points) Write (" as a product of elementary matrices.

i - 4 3 | ;
Pl ¥ e S oo T
n\-t 2/ ;’ )
- |
Vi T e 1 )R
”f 2 /11 (o VY ;
N R - 2
(w - ) ") 1 0) }'; /7 / w f )
. 3 1 1 o/ =9+
VZi s

(1 -2 0 o) R,
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8. (5 points) Evaluate the following determinant.

= & 3 7 -4
3 o 4 ‘:"'Eof,
6 4 -2 & 4 =2
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9. Let A and B be two 3 x 3 matrices such det(4) = |[d ¢ f| = -3, and det(B) = 2. Find the following:
g h i

3f+2c f-¢ 2i+c
3d+2a d-a 29+al| =
6e+4b 2¢—2b 4h +2b

(5c f-e £ire
) 29 of-a «25+q
10b Zc-tb A 4o

(a) (4 points)

_5C3
c i Qi C [
=5 |a d 2e = 522 a J ¢ :’)
2b 2¢ 4n b ¢ w!']
:.5¢'2(~3)::~60

e i i

(b) (3 points) det ((SBA (Az) (l(t( ) /JA 6 (A (3) {

= i _L- .1._ /4’2\9 3..
3% /1Al 18 2 (3)2{ 2

) (3 points) det (2B7'A~! + adj(AB)). /2(/45) ~F [AB) /46//
= [2048)7 (48T (- J)Z/ = [-404a8)"}

=)L = - BF . &

/AB) -j;;" 3
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10. Consider the vectors ¥ = (2,3,-4), v = (1,-2,1), & = (3, -1, 2}
(a) (4 points) Find the orthogonal projection of 7 + 7 on 7 — w; that is projz-z(T + 7).
! T V - T
f/ tWw=(3,1,- 76"0/5 _(?/fl/)-:(w vI(v-w)
/ i - -
CPew = (1,4, 6} Ha-wns

[ S i

= (3)1;‘.?)(-f 4,-6) /_/)4)—6):_{._9(*_/)4
/-f/év‘-?é 53

( - 2 / Z6 g~ EL ¥
53 " K 3 €3

(b) (3 points) Find the angle in degrees between vectors @ + ¥ and W —
Approximate your answer to two decimal places,

2, 0=2)(-1,4,-
9’-—'—‘(2!"(‘(0_('[)) ))6/_
/.9+I+.9— ]/;+/6+36

= ArC s /9
53

{c) (4 points) Find the values of k for which 7 + &7 is orthogonal to @ - k7.
(U—f-/él? )(’J—é;}') =

N +big -kav -L3cn® < o

!

@rccof

L >

'“6)

Y5 V52

L T s 2 BA _ 4 [fAEPxLE g4

e

/M‘;_;/?- 2L =

4 +/ \/

11. (3 points) leen the.t T (b _)) = —3. Find the volune of the parallelepiped determined by tl)

vectors 7-}— 0 b + 7 and T+ 7.

/57 7 © ) @ ’f//,ﬁ v C‘) x (’C“ % 7))
f/a*é}/é»é%éuyy;féfzv;)

e A ok a9 ; €2
O(éxc\g—-f\///m“’/)_f'a f{" /)'f"

o O
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12. Consider the points A(2,0,1), B(3,-1,3). C(1,2.4).
(a) (3 points) Find the arca of the triangle ABC.

(b) (3 points) Find the distance from the point € to the line AB. passing through points A and B
(¢) (3 points) Find the point on the line AB closest to the point D(4, —2, 8).

a)y A= 2_////—1‘23x/12//: 2/./49+2r+/ = _2_{5

AB8=1{(7,-1,2)
AC=(-1,2,3)

e

ABxAC =CT7,-5,1)

o

— o - »(.gn A ot
/= (e~ pre (RC))) HTm
A2 o Hhogonad S

It

// C—‘g) ” where ()

1§ he oresd Gt A CC

i :(‘7‘f)27‘r) X=gf )

CQ'A% &
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r=3—f¢
13. Consider two plancs (P) : g — 2y+2=06,(P):4r -9y — 32 =18 and a line (L): ¢ y=1+9 .
=1+t

(a) (3 points) Find the parametric equations of the line of intersections of these planes.

/1/-—2?4-?:..6 -2y +7 = g
47‘“,‘5’; ~Ja =4F R A S
¥ 2@ ~¢t 24 _
Y= - pf Y=6¢ f’r-f?-—/Qf-vff—lgi"
2 = ¢

(b) (4 points) Show that the line (L) and the planc (P) arc parallel, and find the distance betwe

them.

B e B G Ity g a )= g i
= L||P
Lisioce ¢ B(S)71,1) Lo plae P -
/3"2'717—64/: 4+ 2v%
J/+28+ 1 Vo 3

(¢) (4 points) Find the equation of the plane, containing the line (L) and perpendicular to the plan
L,

T (o8 45 arof
h,—L('/)Z)Q) /l?ﬁLL)

‘-:)n” (f)‘Z)d)xr"‘7)2}§):[“/8)_’6)0)
R sl2, 0,00 Alse

?b. 2(7_3)+/y_,) — 0 - S o 2)(-{*3::
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r=3-—1 r=443s
14. (4 points) Show that (L) :{ y=1+2t and (Ly):{ y=2+s are skew lines and
2=14+5t p=ley

find the distance between them.

d= NPz (AR )] = | V=125

W, XV,
e Va2 (3,1,-1)

// ({) ty 2« {‘/)"-2, f)(”f;“f,’/)// Virvy = (-4 )44i‘¥)]]_‘:

74+4+ 7 »V:‘F”)-ZM)
AL

= 4 Vo =
5 /] = —= #0 - - )
18] T b \f; Vg #O} =)Jé¢w—llht°f
A4 o

15. (3 points) Determine whether the following statement is true or false. If the statement is true, then
prove it. If the statement is false, then provide a counterexample, that shows that the statement is

1ot true.

"If AB=0, then either A=0o0r B=07".

7:9/_)'67 )

(SO
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e +oy+:<40
16. (8 points) Maximize P = 47 + 3y — 2z subject to ¢ 2 +2y—2<15 ,

E42y—2%2
where 2+ 2 0,y > 0.2 >0

S

.
@ & =i { 5 i o ~aL73 “
{) ¢ -1} 2 ¢ A ’-
SRy - e 6l

© 7 0|3 ™ =12

= 418 -271 = 5225

i

A



