Page 3 Answers

i j k
a) u=2i—j+3kv=i+2j uxvy=[2 -1 3[=-6i + 3j + 5k
1 2 0
b) |ax b| = |a|||sin(5°) = 4 x 5 xsin(45%) = = =10V2

) a=3i—j+2kb=2i+j-kc=i-2 +2k

i k
axb=|3 -1 2|=-i+7j+5k
2 1 -1 -
i j ok
(@xb) xc=|-1 7 5|=24i+ 7 — 5k
1 -2 2
i j k
bxc=|2 1 -1|=1i-5 -5k
1 -2 1
i j D
ax(bxc)=[3 -1 2|=15i + 15j— 15k
0 -5 -5 -

(@axb) xc # a x(bxc)

d) a=2i— 6j— 3k b=4i+3—k

i j k
axXxb=12 -6 -3| = 15i — 10j + 30k
4 3 -1 -

laxb| = V(15)%+ (=10)% + (30)% = 35

; 3. 2..6
Unit vector uq =2i-7j +7K

: 3. 2. 6
Unit vector u, = _§£+7J'7E



i j k
e) Jaxb=13 -1 -1|=6i + 5j + 13k
1 4 =2 B
i j k
i)bxa=|1 4 -2|=-6i —5j — 13k
3 -1 -1 B

ii)a+ b=4i+3j—3k a—b=2i-5+k

i j k
(a+b)x(a—-b)=|4 3 —3|=—12i — 10j — 26k
2 -5 1 -
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i j k
a) uxv=|-1 3 4|=-7i+ 11 — 10k
3.1 -1 )

lu+v|= V(7% + (A1) + (-10)2

Area = 16.4 units?

-1 2 -3
b) i)g=<0>—<—1)=<1)= -3i +j — 2k
2 4 -2 B
4 2 2
0 4 —4 B

ik
Area of triangle = %|(g X g)| =% -3 1 =2
2 5 —4
~J®Z+ (=16)Z + (=17)7 = V581 = 12.05 units?

= 2| 6i- 16 —17K)| =




i k L
4 -2 -1 =5|(—5£ — 13j+6k)| =
5 -1 2
SJEHZH (F13)2 + (6)2 = 5230 = 7.06 units?

Area of triangle = %|(g xv)| = %
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2 1 3
a) )r-(sxt)=|-3 4 —-1|=2(-8+3)—(6—-1)+3(-9+4)=-10-5-15=
-1 3 =2
-30
-3 4 -1
ii)g-(ng)=‘—1 3 -2[=-33-4)-4(-14+10)-(2-15=3-36+13 =
5 -2 1
-20
5 -2 1
iu-(sxr)=1-3 4 —-1|=5012+1)-2(-9+2)—(-3-8)=65—-14—11=
2 1 3
40
2 1 1 4 1 3 5 1 4
6 2 4 3 2 1 4 2 2
1 2 4
Volume = a-(bxc)=|3 3 1|= (6-2)—-2(6—4)+4(6—-12)=4—4—24=
4 2 2
—24 = 24 units?3
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a) o= =T0 =) x=A+4, y=A+2 z=31+1

. 5 2 3
b) Direction vector AB = (5) - <1> = <4>
5 4 1

Choosing point (5,5, 5)

=2 Xx=5+3\ y=5+4A z=5+A

R Ay | x=3+3) y=2+4) z=7-1%



a 0 a
d) Direction vector AB = ( 0 ) - (a) = <—a>
2a 0 2a

Choosing point (0, a,0)

x—0 y—a z-0
= = =2 XxX=a\ y=a—alA z=2al
a —a 2a

X 2 1
e) Vector form: <y> = (—1) + 7\< 2 )
z 6 -8

x—2 y+1 z-6
1 2 = -8

=A

Symmetric form:

Parametric form: x =2+, y=—-1+2A z=6-8A
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a) Parametric form: x=1+2A, y=3+4+4) z=6-8A
x==14+2y, y=2+3y z=7-—p

At intersection point:
x:1+22=-1+2p
2+ 21 =12p

1+ A=p ()

y:3+41=2+3p
1+ 31=3p (2)

z224+A=7—-q
5-A=p (3)

taking (1) — (3):

—4+2A=0
A=2

sop=3(1)



1+4A=3u
1+4%x2=3u
LH=3 (2)

5-A=p
5—-2=up
p=3 (3)

Hence consistent:A = 2,0 =3 Intersectionpoint (5,11, 4)
2 2
Angle directiBn vectorsa=|4|,b=| 3
1 -1

a'b (2x2)+@#x3)-(Ax1) 15
~ lallb] V2114 - 21V14

15
V2114

0 = cos‘l( ) =29°

Parametric form: x=A—3, y=2-2 z=1+4+3A
x=—4=2y, y=14+y z=p

If intersection then:

xiA—3=—4—2p
2u=—1— 24 (1)

yi2—A=1+up
n=1-2(2)

z214+3A=p
pn=1+31 (3)

taking (3) — (2):

0=3A
A=0

Sub into (1)
2u= -1
-1
n=—



Sub into (2)
pu=1-0
p=1

Hench inconsistent so lines do not intersect.

Parametric form: x=—-24+2\, y=1—-3, z=-1+2A
x==-3—-W y=4+y z=-—p

For intersection point:

x: —2420=-3—p
w=—-1-21 (1)

y:i1—3A=4+yp
L= —3-31 (2)

z2—1+A=—p
p=1-21 (3)

Using (1) and (3):

u=-1-2A
u=1-2
0=-2-2A
A=-=2

Check consistency:
pn=-3+6=3
p=—-1+4=3
pn=1—-(-2)=3
Intersection point (—6,7,—3)

Angle

Direction vectors:



abh (2)+(E=3)+CED

cosf = = = = —0.926
|al|b] V143
0 = cos_l( _ ) = 158° Acute angle = 180° — 158° = 22°
V143 g

Parametric form: x=14+4A, y=3, z=-2+4+A
x=5—-yu y=3 z=8+2p

For intersection point:

x:14+4A=5—-yp
p=>5—-4A(1)

y:3=3 (2)

z —2+A=8+2p
2u=—-10+21 (3)

Using (1) and (3):

n=4—4x
2u=-10+2

2u=8—8A
2u=-10+2

0=-18+9A
A=2

Subbing into (1):
n=4-4(2)
=—4

Check consistency:

3=3(2)
2(—4) = —10+2 (3)



Intersection point (9,3, 0)

Angle

Direction vectors:

Be-(3)

a'b (-9)+0+2

cosf = = = = —0.217
lal|b] V1745
6 = cos~1(—0.217) = 102.5° Acute angle = 180° — 102.5° = 77.5°
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() (-3

R
Normal vector:OBx 0C= |1 2 1| =3i — 4 + 5k=n
-2 1 2
x 3
p'ﬂ=<y>'<—4)=3x—4y+52 n.py=3—-8+5
£ ' .

. i j k
GHXx GI=14 2 3 =10£’+}_’—14&=ﬂ
3 =2 2

X 10
p-ﬂ=p-n=<y>-< 1 >=10x+y—14z=30+3+(—42)
B —14



b)

wCHE = GH-E

ABX AC= |2 —6 —4| = —40i—24j+16k=n
4 —4 4 B

x —40
p-n=p -n:<y>'<—24>=—40x—24y+16z=40—72+16
B z 16

—40x — 24y + 16z = —16
S5x+3y—2z=2

Verify (0,2,2) = 5(0) + 3(2) — 2(2) = 2 = RHS

R j k
STx SU=|-3 —-10 7| = -3i—-4—-7k=n
-4 —11 8 -

x -3 1 -3
E.n:p.n:(y). _4): _4).(_4

z -7 7 =7
—3x—4y—-7z=-3+16—-49

—3x—4y—-7z=-36
3x+4y+7z=36

If coplanar the V (6,1, 2)will satisfy the equation:
LHS of equation:

=3(6) + 4(1) + 7(2)

=18+ 4+ 14

= 36

= RHS

Hence coplanar
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i j k
a) axb=|1 0 —1|=6i—-5+6k=n
0 6 5

6x —5y+6z=-12+154+42
6x — 5y + 6z = 15

b) Parametric form: x=14+3\, y=4—-21, z=-7+2A
x=—4+4y, y=3—-p z=3+u

For intersection point:

x:1+430=—4+4p
4p =5+ 31 (1)

yi4—A=3—-p
—u=1-1(1)

z: —74+2A=34+p
p=-10+21 (3)

Using (2) and (3):

—u=1-2
u=-—10+ 22
0=-9+A
A=9

Check consistency:

5427 =4x8 (1)
32 =32 (1)



b)

d)

1-9=-8(2)
-8 =-8(2)

—10 +2(9) =8 (3)
8=8(3)

Intersection point (28,—5,11)

i j k
axb=|3 —1 2=l+5]_'+E:ﬂ
4 -1 1

raer=()()- ()0

X+5y+2z=14

Page 15 Answers (Exercise 2)

raern-()(3)- ()

2x+3y+z=12

amrn=()(4)- () ()

S5x +4y —3z=17

~4x+ 6y +72 =12
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a) Direction vectors:

(el

abh 2-14+0 1
lallbl  V5v3 V15

cosf =

1
6 = cos™! (—) = 75°
V15



b) Direction vectors:

SR

o a-h 2-3-16 -17 0744
cosf = = = = —0.
lallb]  V18v29 V1829

6 = cos~1(—0.744) = 138° so acute angle = 42°

c¢) Normal vectors:

i j k
nn=1[2 1 0o|=2i—4j—-3k
13 0 2 -

i j k
n,=11 3 —-1|=-2i—0j—2k
I T - | h

nn, —44+0—-6 —-10

cosf = ————= = —0.6565

lle]~ VG

6 = cos™1(—0.6565) = 131° so acute angle = 49°

/1 . (0
d) OP = <0>,OQ = (1)
1 1

L i j k

n=0PX0Q=[1 0 1| = —-i—j+k
0 1 1

/3 1 2\ __ [0 1 -1

-2 1 -3 -1 1 -2
,=ABxAC= |2 2 -3 =5i+7j+8k
o -1 3 =2 B

nyn, —5—-7+8 —4

cosf = —— —0.1965

ullu] ~ Ve

6 = cos~1(—0.1965) = 101° so acute angle = 79°
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S OO W) R R

Letz= A

-5y —5A=-10
y+A=2
y=2-2A

x—y—3A=-7
X=y+3X-7
x=Q—-MN)+3r-7
x=2A-5

o (¢ 7 2 k)R- G

Letz= A

3y 42X =17

2 17
Y =73 3

2x —y—21=1
2x =y+21+1
-2

= s i
= 3 3

20
x =22+

3 3

—Zx+10
X=34773
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a) x =12+ 5A
y=-7+4A
z=5+3A

Sub into plane equation

-3
-5

)

7))



5(12+50) 4+ 3(=7+40) — (5+30) =0
60+ 250 —214+12A—5—31= 0
344341 =0

A=-1

Sub in line equation to find point:
x=1245(-1) =7

y=-7+4(-1)=-11
z2=5+3(-1) =2

P(7,-11,2)
x=-=743A
y=6—2A

z=17 — 5\

Sub into plane equation

8(—=7+30) +5(6—-21)— (17=51) =0
—56+24A+30—5A—34+10A+2 =0
584294 =0

A=2

Sub in line equation to find point:
x=-7+32)=-1
y=—6—-2=4

z=17-52) =7

P(—1,4,7)
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2 1
Norm = lvector: a = <1> ,Direction vector b = (2)
3 2

a-b 2+2+6 —17

= = = = = 0.891
lallbl  V14v9 V126

cos@ =

6 = cos~1(0.891) = 27° so true angle @ = 90° — 27° = 63°



2x =—=7+ A
y=-5+2A
3z=-9+4+2A

Sub into plane equation

(=7 + 1) + (=5+20) — (=9 +21) =0
—21+ 51 = 41

5 = 21

A=12.4

Sub in line equation to find point:
2x =—=7+124s0x = 2.7

y=-54+2(124) =19.8
3z=-9+2x%(12.4)s0z =5.26

P<27 99 79)
10’ 5’15
8 2
b) Normal vector: a = ( 5 >,Direction vector b = ( 5 )
-2 -1

ab 16+25+2 43
lallb] ~ V93v30  93v30

cosO = = 0.814

6 = cos™1(0.814) = 35.5° so true angle @ = 90° — 35.5° = 54.5°

x=-9+2\
y=-13+5\

=3-2

Sub into plane equation

8(—9 +2)) + 5(—=13+50) —2(3 =) = —14
—72+ 16A+ 65+ 251 — 6 + 2A = —14

431 = 129

A=3



Sub in line equation to find point:
x=-94+23)=-3
y=-13+5(3) =2
3z=3-3)=0

P(-3,2,0)



