MATHEMATICS 201-105-RE
Linear Algebra

Martin Huard

Winter 2006

Assignment #3
SOLUTIONS

This assignment is due Friday March 31. Complete solutions are expected. For questions 3 and
6, a print out of your Maple is expected, where each question is clearly indicated.

Question 1 (10 points)
Consider the points A(-3,—4) and B(5,-2) and C(-5,1).

a) Find the angle between the vectors AB and AC.
AB-AC  (8,2)«(-2,5) -6

C0SO = —7— = =
] e 2li-25] Ve
0 ~97.8°
b) Find the orthogonal projection of AB onto AC .
oroj. . AB = 2B°AC 5 :w(_z,@ - 25)-= (E‘_goj
he AC-AC (-2,5)+(-2,5) 29 29" 29

c) Find the area of the triangle ABC.
Area = 1 | AB, x AC,| = 1(8,2,0)x(~2,5,0)] = 4](0,0,44)| = 22

d) Find the equation of the line L (in parametric form and in general form) parallel to
L, :3x—4y =12 and passing through the point C.

A=n=(3-4) u=(4,3)

. X=-5+4t
Parametric form: L:

{y =1+3t
General form:  3x—4y =3(-5)-4(1)
L:3x—-4y=-19
e) Find the distance between the line L, :3x—4y =12 and the point B.

R(4.0) [BR_ 23] _u

BR=(-12) I L G
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QUGStiOﬂ 2 (10 points)

L 3 3 X=2+3t
Consider the lines L, : > =y; = ;Z and L,:qy=5-4t.

z=5

a) Find the relationship between L, and L,. (That is, are they parallel and distinct,
parallel and equivalent, intersecting or skew?)

L :(xy,z2)=(-133)+t(2,4,-5)
L, :(x,y,2)=(2,5,5)+t(3,—4,0)
Since u, ffu, then L, )i L,
(~1,3,3)+1t(2,4,-5)=(2,5,5)+5(3,~4,0)
t(2,4,-5)+s(-3,4,0)=(3,2,2)

2 -3|3 R, >R —2R 2 -3 3
_) —
4 42 % "2 0 10| —4
R, > 2R, -5R,
-5 02 10 15| -11
2 -3 3|RR=>3R [1 2
R,>2R,-3R,|0 10| -4|R,—>%R,|0 1
0 0]-10|R,>=R,|0 O
Since there is no solution, then L; and L are skew.
b) Find the equation of the line L, (in symmetric form) parallel to L, and passing
through the point P(-1,13,-16).

Xx+1 y-13 z+16
I_3. = =

u, =(2,4,-5)

u, =(3,-4,0)

= (‘"lr‘\) NI

2 4 )
c) Find the distance between L, and P(-1,13,-16).
R(-13.3)
PR =(0,-10,19)
PReel_ 1 | 10 1ot 5 f5535
d="——=——]l0 10 19||=—~—[(-26,38,20)| = 1= V2520 = 214
lal 45 35 15
2 4 5
d) Find the distance between L, and L,.
L)k R(-133)
Uxu,=[2 4 -5 =(-20,-15,-20) PP, =(3,22)
s 4 0 P,(2,5,5)

i PR(0x0)| 130 26441

[ci, > @, | BN
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e) Find the point Q on L, that is closest to the point P(-1,13,-16).

0=(24,-5) RQ = proj, RP—R:]P:] U
R(-133) 135
RP =(0,10,-19) (x+Ly=-32-8)=7(2.4.-5)
(%y.2)=3 (24 5) (-1.3,3) = (5,15,-12)

Thus Q(5,15,-12)

Question 3 (6 points)
Consider the points A(3,2,1), B(-2,4,—6) and C(4,0,-5). Using Maple,

a) find the equation of the line | passing through the points A and B;
b) plot the line | found in (a) along with the direction vector for the line;
c) find the distance between the point C and the line | found in (a).
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QUGStiOﬂ 4 (8 points)

Consider the plane 7z, :3x-2y+4z=6.
a) Find the equation of the line | (in symmetric form) perpendicular to z, and passing

through the point P(-2,5,-9).
X+2 5-y z7+9

l:
3 2 4
b) Find the distance between the point P(-2,5,-9) and the plane 7, .
ﬁ = (3, —2,4) ‘ﬁé ﬁ
¢ 58
R(2,0,0 d=1—1-"2 -229
R(200) Ve
PR =(4,-5,9)

c) Find the point Q on 7z, that is closest to the point P(—2,5,—9) :
fi=(3,-2,4) PQ = proj, PR = PﬁR'ﬁ” i
R(2,0,0

(2.0.0) (x+2,y—5,z+9):2—2(3,—2,4)

PR =(4,-5,9
459 2(3,-2,4)+(~2,5,-9) = (4,1,-1)

(x.y.2)

Thus Q(4,1,-1)
d) Find the equation of the plane (in general form) perpendicular to z, and containing

the line Il:X_1=X:1_Z.
2 2 3
ik
A=fxi=3 -2 4|=(-217,10)
2 2 -3

—2x+17y+10z =-2(1)+17(0)+10(1)=8
Thus the plane is 2x-17y-10z =-8
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QUGStiOﬂ 5 (2 points)
Find the equation of the plane (in general form), if possible, containing the lines

X+1 o i 3—22 and L, : le X84—z 3.

2
U,=(2,4,%) L,
u,=(4,81) R(-130)el, P(-130)eL,?
%:%:0_3 Rel,
0#4#-3
Thus L, and L, are parallel and distinct.
P,(-14,3) PP, =(0,1,3)
i J k
Thus i=RP,xti=0 1 3|=(-2312,-4).
4 8 1

—23x+12y -4z =-23(-1)+12(3)-4(0) =59
Ergo, the equation of the plane is 23x—-12y+4z =-59

Question 6 (10 points)

Consider the four points A(-1,3,4), B(3,3,0), C(2,-1,3) and E(1,3,1). Using Maple,
a) find the equation of the plane = (in general form) passing through the points A, B and

C,

b) find the equation of the line I (in vector form) passing through E and perpendicular to

the plane m;
c) find the distance between the point E and the plane r;
d) plot the line I, the plane = and the normal vector;
e) find the volume of the tetrahedron ABCE.

QUGStiOﬂ { (4 points)

Consider the planes 7, : x+y—-2z=5 and 7, :2x+y+3z=4

a) Find the intersection of the planes 7, and 7, (expressed in vector form).

{1 1 -2 S}R —>R—2R1[1 1 -2 S}R R {1 1

2 1 3|4 F+2——0 -1 7|-6|+——01

z=t

y=6+T7t Ergo, 7, N, :(x,y,2)=(-16,0)+t(-57,1)

z=5+2t—(6+7t)=-1-5t
b) Find the angle between the two planes.
e 1124213 _ |
Iafliw] ez -2)f213)] Vovia

0~70.9°
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