Chapter 13

LINES AND PLANES IN SPACE

e o  y=—A 4t
1o 1 ()= (3. ek Pemh el
t=x—3="—

4

dr—12=y+4

4r —y =16

b i If the line has direction vector b p=5+2t y=2+8t
perpendicular to (Ja), then s g x—5 y—2

2 =

et 2 3
b 2] =0 8x — 40 = 2y — 4
Sob= (;) is a Teasonable choice . R — Ty 96
()= (@) +4Q). vem oy =18
i () =(; | z=-6+3t, y="Tt
¢ i (y):(06)+t(§), teR iz jx_yéjig
3 7
’ Tz +42 = 3y
7o — 3y = —42
d i Take (—1, 11) as our fixed point, i x=-1-2f y=11+t
so a:(zll). t:m+1:y711

g (=1 i
The direction vector b = ( 132_(11 )) a1 =By 28

=) oxr2y=21
T —1 —2
(y):(11)+t(1)’ teR
9 pz=-—-14+2t y=4—t telR
When t =0, z = —1+2(0)=—1 and y=4-0=4
When t=1, s =—-1+2(1)=1 and y=4—-1=3
When t =3, z=—1+2(3)=5 and y=4—-3=1
When t= 1, #=—1+2(-1)=-3 and y=4—-1=5
When t = —4, g =—-1+2(—4)=-9 and y=4——4=38

the pointis (—1, 4).
the point is (1, 3).
the point is (5, 1).
the point is (—3, 5).
the point is (—9, 8).

If t4+42=3 and 1-3t=-2 ’
# ? then+ +—1 and T Yem— Since t =1 in each case,

t=1 (3, —2) lies on the line.

b If (k,4) lies on r=1-—2t, y=1+1, then
k=1—2t and 4=1+1%
. =3
and k=1—-6=-5

b
y.i‘ 0‘(1, 2) -
- o z

K (3, _3)
¢ In 1 second, the b

a-step is 2 and y-step is —5, which is \‘u‘(fl, —8)

a distance of /22 + (—5)? = v/29 cm \"q (7, -13]
the speed is v/29 cm s~ E

4 a x(0)=1 and y(0) =2,
the initial position is (1, 2)
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5 In parametric form: z=1—-1 y=5+3t t€R

In Cartesian form: e -1 = y—5
-1 a
3r—3=—-y+5
Jx+y=28

EXERCISE 13A.2 | =

1 a

b

b 1 2

The vector equation is g | = 3 +t{ 1], teR
z -7 3
= 0 1

The vector equation is y |=(1 ]|+t 1 |, teER
2 2 —2

1
Since the line is parallel to the X -axis, it has direction vector ( 0)
0

b -2 1
the vector equation is y | = 2 4+t 0], teR
z 1 0

The parametric equations are:

m=5+(—1)t, y=2+2t z=—146t
w=5—1 y=242 z=—1+6t teR

The parametric equations are:

=042t y=24 (-1}, 2=—1-+3t
=2t y=2-1, z=-1+3¢ teR

0
Since the line is perpendicular to the X OY plane, it has direction vector (O ) :
1

the parametric equations are: z=3+0t, y=2+0f, z=—1-+ 1t
=3, y=2, z=—1-+1t teR

#()-(7) - ()-)(7)
o (11)-(2) - ()-()(2) -
- (2)-(3) - ()-()(2)
(59)-(3) - ()-()(3)

b Given 2 =1—t, y=3+1t z=3-2&

a The line meets the XOY plane when z =10 So3—-2t=0

t=3
2
- 3 _ 1 — 3_ 8 s 19
Then #=1-—35=—2 and y=3+ 5 =3, sothepointis (k—z-, 5,0).
b The linc meets the YOZ plane when = =0 s l—t=0
' t=1

Then y=3+4+1=4 and z=3—-2=1, sothepointis (0,4, 1).
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¢ The line meets the XOZ plane when y =0 s 34t=0
Lo t=-3

"Then z=1-(-3)=4 and z=23—2(—3)=09, so the pointis (4,0, 9).

5  Given a line with equations = =2—1, ¥y = 342t and z =114,

the distance to the point (1, 0, —2) is /(2—t—1)? + (3 + 2t - 0)2 + (L +t+2)2

But this distance = 5v/3 units
\/(_1ft)2+(_3+2t)2+(t+3)2:5\/§
(1=t +(3+20)° +(E+3)7 =75
12+ t2 L0126+ 482 +t° +6t+9 =75
Gt2 + 16t — 56 =0
342 + 8t —28=0
(3t +14)(t —2) =0

t= —1—34 or t=2
When =2 the pointis (0, 7, 3), and when t = —L% the point is (339, -
EXERCISE 13A.3 R T A A

1 L, has direction vector (fs) and L, has direction vector (i) If 8 is the angle between them,

COSQ:M: ‘204"(_12“ — 8
V16 4 9425 + 16 V25 > 41 V75 % 41

8
g=cos | —=—= ) = T755°
e (\/25 X 41)

the required angle measures 75.57.

2 L, has direction vector (152) and L, has direction vector ( °,). If @ is the angle between them,

BRIGE Col B H(=20)] _ 4
T /144 25,/0+16  13x5 65
f=cos ! (g) =~ 75.7°

cosf

3 Line 1 has direction vector (_52) and line 2 has direction vector (140)

and (5,) e () =20+ (-20)=0

the lines are perpendicular.

3 3
L a Line 1 has direction vector (flﬁ ) and line 2 has direction vector ( 8 )
7 -5

If 6 is the angle between them,

()-(3)

0 |9 — 128 — 35| 154
osf = = —
/9 F 256 + 49+/0 + 64 + 25 v 314~/98 £/314 x 98
s B 286° )
3 0
b Since L. 1 Ls, —16 ® -3 =)
i ) x
484+ Tz =10
48

@ ==

| l
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EXERCISE 13B.1

T @ i When ¢t=0, (3)=(,") i The velocity fi The speedis  +/122 + 52

£

the object is at (—4, 3). vector is (152)- =13ms™!
b i _ zy _ [0 x . _—
When ¢ =0, (y) = (76) i The velocity iii The speedis /3% 4 (—4)2
the object is at (0, —6). vector is (_34)- =5ms™
¢ i L BN e .
i When t=0, (T)=("2) i Thevelocity iii The speed is (—6)2 + (—4)2
.. the object is at (—2, —7). vector is (_2)- 52 1
= = ms—
d g . - .
i When5 t —d 0, ; ii The velocity iii The speedis +/82 4 42
£ s an y=— i 83
vector 18 (4). =8 ms !

. the object is at (5, —5).

2 a 4
(%) haslength (/42 4 (—3)2 =5 b (%) haslength 247 172 = 25
. 3p(t :
(ka) has length 150 %(2:) has length 12.5
- - : s (120 -
e | <. the velocity vector is ('30). the velocity vector is (%)

€ 2itj= G) has length /22 + 12 = /5
10\/5@) has length 50

the velocity vector is (fgﬁ)

3 —2i+5j — 14k haslength /(—2)2+ 52 + (—14)% = /A 25 F 106 = /225 = 15

-2
—12
6 ( 5;4) has length 90, so the velocity vector is ( 30 )

—84

EXERCISE13B.2
1 a r=a-+th d
=\ _ (—3 2
() =02 +t(3). t=0 “
. (=) — (—8+2t 4
) - (y) (—2+4t) 8 d"t =21
f’ - E
b At t=25  —3+2%=-34+5=2 s o
and —24df=—2410=8 ‘.ut=2
. L) 4 :
So, the position vector is (3) "" =2
. t=1d2
c i When the car is due north, z = 0. 9 £
—3+42t=0 DS SR
t = 1.5 seconds t=0¢ 7221
v

ii  When the car is due west, y = 0.
—244t=0
t = (.5 seconds
2 Yachta:r (34) = (5) +¢(,)  YachtB: (") = () +4(3), t=0
@ When t=0, (;":) = (:) oo Aldsat (4, 5)

aid (Z];) = (—15)

b For A, the velocity vector is (_1_2), and for B it is G)

c SpeedofA:q/12+(—2)2;\/51qnh“1. Speed of B = /22 + 12 = /5 kmh~1.

Bis at (1, —8).
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1

56 -3
a AB=| 10-9 |=[ 1
253 0.5
T 6 -3
) (y)_(g)+t(1 ),tem
z 3 —0.5

d If 2=0, 3+(-05)t=0

EXERCISE 13B.3 "

F—" (2
d A has direction vector ( jE) and B has direction vector (1)

= the yachts are at right angles to each other.
Since (_12) ° G) —2—2=0, the paths of the y

= y 8 = time is 1:34 pm
P’s torpedo has position (yi) = ( 45) +t(_1) and at £ =0, the time is p
ml(t) = -5 + 3t, yl(t) =4t

Speed = /32 + (—1)2 = +/10 km min~?

Q fires its torpedo after a minutes. .
at time ¢, its torpedo has travelled for (t — @) minutes.

(2) = () < - (. t30

Y2

2a(t) =15 —4(t —a) and ya(t) =7 —3(t — a)

They meet when @1 (t) = wa(t) and () =12 (i)
—54+3t=15—4(t—a) and 4—1t=7-3(t—a)

Tt—da=20 ..(1) and  2—3a=3 ..(2)
Solving simultaneously, 21t — 12a = 60 {3 x ()}
_8t+12a=-12 {—4x )}
adding 13t — 48
s B8 and 7(%)-%:20

2 = 4a
t =~ 3.6923 . 5.B462 .
~ 3 min 41.54 sec a = 1.4615 =~ 1 min 27.7 sec

‘So.as @ 1.4615, Q fired at 1:35:28 pm, and the explosion occurred at 1:37:42 pm.
0, ~ 1. i

b |AB|=+/(-3)2 + 17+ (-05)’
= +/10.25 km

the helicopter’s speed is
6% +/10.25 /& 19.2 km h™*.

-

t=6
t =1 represents 10 minutes, so ¢ = 6 represents 60 minutes.
the helicopter lands on the helipad after 1 hour.

a 6i— 6j

b The length of (%) =1/(=3)*+4° = A/25 =5

. -3\ _ (76)
As the speed is 10 km h~?, the liner has velocity vector 2( A ) ={% )

the liner has position (;) = (_66)7—0— t(_gﬁ), t = 0, tin hours.

¢ The liner is due east when y =0
—6+4+8=0
at t= % hour 0.0

ar -3
d  The liner L is nearest the fishing boat O when OL L ( i )

6f.- (743) =0

(550 () = N

—64-8¢ 4

L(6 — Gt, —6 + 81)
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The helicopter travels 1/10.25 km in 10 minutes.

(=184 18t) + (—24 4+ 32t) = 0
50t = 42
t = 0.84 hours = 50.4 minutes

and when t = 0.84, T = ( 6 —6(0.84) ) _ (0.96)
—6 4 8(0.84) 0.72

the liner is closest to the fishing boat after 0.84 hours

or 50.4 minutes, when it is at
(0.96, 0.72).

bl = /(=3)2 + (-1 = vID

As the speed s 40v/T0 km b2, the velosity vtor is 40(~3) = (1),

(3) = (o) +¢(22), t>0 {t=0 at 12:00 noon}

At 1:00 pm, ¢ =1 and (:) = (2109%__14200) - (gg)

The distance from O(0, 0) to P1(80, 60) is | (22)| = +/30% + 60 = 100 km,
which is when it becomes visible to radar. {within 100 km of O(0, 0)}

AB _ [200—120¢
start Now OP = ( 100—40t)’
and for the closest point OP e (:?) =0

100

~3(200 — 120¢) — 1(100 — 40¢) = 0
—T700 4400t = 0
_ 7 _ 13
t= 7 =17 hours
the time when the aircraft is closest is 1:45 pm, and

at this time OP — (200129(%)) = ()

wo—so(z) ) 1

dmin = 4/(—10)2 4+ 302 &~ 31.6 km

0(0,0)

f It disappears from radar when ](TPW =100 and ¢>12

1/ (200 — 120¢) + (100 — 40¢) — 100
40000 — 48 000¢ + 14 400> + 10000 — 8000¢ + 1600¢2 — 10 000
16000 — 56 000¢ + 40000 = 0
167 — 56t +40 =0 { + 1000}
2% —Tt+5=0 {8}
(2t—8)t—-1)=0
t=12 {as t>12}
So, the aircraft disappears from the radar sereen 2»;— hours after noon, or at 2:30 pm.

a AtA, y=0 AtB, =0 b 2243y =36
2x = 36 S 3y =36 3y =36 — 2z
z =18 8 =Ty . 36-2
SoAis (18,0) and Bis (0, 12). T 3
any point R on the railway track can

F 36— 2
be written R(:c, f w)

—4 —4
< ﬁ:(ﬁﬁ_o):(:ﬁ-_mc) ﬁ:(?;jg):(_igs)
3 3

A general point on the path is P(200 — 120¢, 100 — 40t).

e ———— .

iy
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. — —

d The point closest to the railway track is R such that PR L AB.
—  —

PRe AB=0

(m4). (—18) _0

36—2x 12

3

—18(x —4) +4(36 — 2x) =0
18+ 72+ 144 —8x =0

262 = 216
_ 108
~ 13

oy 362 _ 5

13

7 108 84
SoRis (4%, 55)-

(BRi= /(22 - 07 + (3 -0)" =/ =777 dm

The closest point on the track to the camp is (11—0;‘%, 51—4), a distance of 7.77 km.

Now when = =

For B, xa(t) =4—3t, yp(t) =3 —2t

zs(0) =4, ys(0)=3
B is at (4, 3).

4 ForA, wzalt)=3—1 ya(t)=2t—4
a When t=0, za(0)=3, ya(0)=-4 and
A s at (3, —4).

. . r_3
b The velocity vector of A is (’21) and the velocity vector of B is (_7 2).

¢ Iftheangleis 6, (') e (T3) =vI+4v9+4cosd
3—4=+/5v13cost
\/Lﬁ_-lg = cosf al;ld so 0=97.1°
d If D is the distance between them, then
D=+/[d—3)- @D +[B-20)- (-4
= /It — 26 + [7 — 4] :
= /1 — 4t + 4¢2 + 49 — 56t + 161 b= bo_s_q1

2a 40
= +/20t2 — 60t + 50

t = 1.5 hours

Under the square root we
have a quadratic in £, so
D is a minimum when

1
Let the point (3,0, —1) be P, and A(2+ 31, —1 42t 4+1) beany point on the line.

243t—3 —1+3t
PA=| —14m—a | =] =142
4+t —(=1) 5+t

— " —s
Now PA and b are perpendicular, so PA o b = 0.

—1+3t 3
—142t |el| 2 | =0
5+t 1

—349t—2+4+5+t=0
14t =0
t=20

3
5 a The direction vector of the line is b = ( 2 ) :

3
(3)_—
A(2+3t, —1+204+1)

P(3,0,-1)

Substituting t = 0 into the parametric equations, we obtain the foot of the perpendicular
(2, -1, 4).

2
6 a The line has dircction vector b — ( 3 ) ;

d Line 1 and Line 2 meet at A.
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so PA=+141425

-1
b When +=0, PA— (—1),
8 = +/27 units

the shortest distance from the point to the line is 3+/3 units.

1
Let the point (1,1,3) be Pand A(1+2t, —1+3t, 2+¢) be any point on the line.

. 1481 2t
PA=| —1+43t—-1|=[ —2+3 |
24+1—~3 14t

) — —
Now PA and b are perpendicular, so PAeb =0

2t 2
(:) P(1,1,3) 243 el 3 ]l=0
3 —14¢ 1

= AL—64+9t—1+¢=0
14t =7
e i
o =3 ;
Substituting t = % into the parametric equations, we obtain the foot of the perpendicular

(2,1, 5).

A(l 426 1432 +1)

1 1

: —d A — | — 3 1

b When t =3, PA= 242 | = | -2
—144 -

PA:1/1+41+;11~:\/%units

the shortest distance from the point to the line is \/g units.

1 ap g I TTTTT] B Ais(2,4), Bis(8,0), Cis(4,6)
] v »
HeRsTT ‘_‘\ e ~1 € BC=./(4-8) 1 (6—0)% = /16 T 36 — /52 units
R - AB = /(8 —2)2 + (0 — 4)% = /36 16 = /52 units
R = . BC = AB and so AABC is isosceles,

1 N

u N L
O |_line/3 3

v i L]

: Line 2 and Line 3 meet at C.
() + (%) = () +s0) (&) +s() = (%) +4(3)
- (E2) =) b feted = (25

r—s=1

s+ 2t =10
and 2r4+s=4 —5+3t=5
Adding, 50 =5 r=1 Adding, 5t =15 t=3

O=+C)=0) ¢« - O=(Y (=) ¢
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Line 1 and Line 3 meet at B.
o (D)) = () +(F)
()= (%)
3r+2t=11 e (D)
—2r =3 =-9 ..(2)

or -+ 6t = 33 {3 x (D}
_4p—6t=—18 {2x ()}
Adding, 5r =15

S 7 B(17. 15)

A(-4,6) £ ]
yAREY.

c N
e

VI
Q

A
S

¢ Lines 1 and 2 meet at A.
() +r() = (&) +0)
(37::255) = (g)
Tr—s=0 .. (1)

and 3r—2s=0
—14r +2s=0 {=2x (1)}

Adding, —11r =0
r=20

B =0 v
Lines 3 and 4 meet at C.
(32) +¢(28) = G2) +u(3)
(: 31?2’1) - (g)
“Ttdu=0 .. (1)
and —3t+2u=0

140 —2u=0 {-=2x (1)}

Adding, 11f =

b A(—4,6), B(17, 15), C(22, 25), D(1, 16)

Lines 1 and 4 meet at B.
(&) +r(@) = (G +u(2)
e =@
Tr+u=26 .. (1
and 3r+2u=19 ~
ldr —2u=—52 {-2x (1}
Adding, —11r =-33
F. =3
0 =(H+3@) =0 v
Lines 2 and 3 meet at D.
(&) +4G) = (o) +#(23)
(i) =138)
s+Tt=26 .. (1
and 2s-+3t=19
—2s— 14t = —-52 {—2x (1)}

Adding, —11t = —33
t=3

=)+ =) 7

T
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Lines 1 and 3 meet at A.
(2) +r() =) +2(2)
- (T2 =0)
2r—t=20
r+t=3
Adding, 3r =3
S =]
G=0+O=0
O As (2, 3)
Lines 2 and 3 meet at C.
(6) +5(22) = Q) +2(2)
s (GR)=0)
L —8—t=-8
—2s+t=—1
Adding, —3s =-9
b A(2,3), B(8 6), C(5.0)

AB = /(8 —2)2 + (6 — 3)2
=v36+9
= V45

Lines 1 and 2 meet at B.

(@) +r() =) +=(23)

—4r — 25 =
r+2s=4

Adding, —3r = 12

The two equal sides are [AB] and [BC] and they have length /45 units.

a Lines (QP) and (PR) meet at P.
(—31) +TG:) = (108) + t(—s?)
~ Gerame) = ()
4r — 5t = -3 ... (1)
10r+7t=19 .. (2)

98r — 35t = —21 {7 x (1)}
50r +35t =95  {5x (2)}

Adding, 148 =74
nor=2g
@ ={50+ 2= D
. Pis (10, 4)

Lines (QP) and (PR) meet at Q.
(2) +rGe) = () +4()
r10) =s(%)

S r=s8=0

so. (5 =(%)

o Qis (3, —1)

. Bis (8, 6)
% H =8
Gl ={a 4230 =)
. Cis (5, Q)
L |
BC=+/(5—8)2+(0—6)2 :
N TS |
=45 lﬂ
g
Lines (QR) and (PR) meet at R, ¢

(3 +5(27) = (2) + (%)
s s =03
17s =5t = -3 .. (1)
—9s4+Tt=19 .. (2)

119s — 35t = —21 {7 x (1)}
—455+35t =95 {5 x (2)}

Adding, 74s =74
e, W=
() =)+ =)
. Ris (20, —10)
PG = (*10) = ()
PR = (9529 = (22
and PQePR = —70+70 =0
¢ [PQ] L[PR] - QPR = 90°

— =
Area = 1[PQ||PR|

= V49 + 25,/100 + 196

= 74 units?
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Lines 1 and 4 meet at A Lines 1 and 2 meet at B. The acute angle between the lines has cosf = e 16:_11\;;2_1_ Toa = %
5 a Lines 1 an : o " 18 ,—8)
-3 + ™ = + s,
B)+r(1) =) +u() w @0 =6 wdso 0 10.9°
) 4r+8sy _
() = (2 - =0 ) ’
r—12u . o dr4+85=16 .. (1) b Line 1 has direction vector | —12 | and line 2 has direction vector 3
dr 4 3u = 5 & 5 = Wpeedy (B 12 -1
r—12u=—4 .. rios=4  {(1)+4) As one vector is not a scalar multiple of the other, the lines are not parallel.
o Ar43u=1 15} _r432s=—-4 {-1x2)} Now —142i=4s5-3 2—12t=3s5+42 4412t =—-s5—1
—4r +48u=16 {-4x (1) s = o 2U—ds=—2 —12t—3s=0 12t4+5=—5 ... (3)
Adding,  5lu=17 B e ot=2s=—1 . (I) s=—4t .. (2)
o ou=4% . (;L_) _ (15) Solving (1) and (2) simultancously: ¢ — 2(—4t) = -1
y o A i . =
= +1(:9) =) ’ o=l
y 1 3 . 1
- Bis(18,9) Sot=—5 andso s=42
is (2,5 ; :
‘ AQK’ El 3 Ir)met ot C Lines 3 and 4 meet at D. In(3), 12t+s=12 (—é) +i=—241= —%, which is not —5.
ans - —
Lines o _s) (14) 4 t(_a) (;) + -,5(:2) = (?) + U(lza) Since the system is inconsistent, the lines do not intersect, so the lines are skew.
. 5(4y) = =5 .
|| v (g) % (32 zi ; (—5t+3“) = (:ﬁ) The acute angle between the lines has cos 8 = 8 —ah—13] . and so 6 = 62.7°.
'l " O iy R (o v e V292 V26 /7502
B, L Ssi8t=—d (D) r BFIu=—A ) 6 .
y '%' o 32"; + Qt — 16 —2t—12u=-24 .. (2 ¢ Line 1 has direction vector | 8 and line 2 has direction vector 4
N = i t+6u=12 {@)+-2} 6 3
32s 2t = Adding, 172 —a1 As | 8 ) =2| 4] the two lines are parallel. Hence, § — (°.
ing, =
Adding, 34s =17 . ey 2 1
Pl s owm=g o i ” 2(78):(_2) d Inlinelset x=2-y=2+2=t% s0 o=t y=2—t and z—1¢—_2
% Q=6 =6 6= Ga)+2) =l 1 ;
' 1 2 v 9 213 C Dis (2, 21) Line 1 has direction vector | —1 and line 2 has direction vector | —2
Cis (14, 25) v . 1 ;)
| = 14_2) _ (12) ¢ The diagonals are As one vector is not a scalar multiple of the other, the lines are not parallel,
iy b" AC= (_25—5 T \z20 perpendicular and . i
) ” ” ! 5 Now t=1+3s ... (1) 2-t=-2-25  —24t=2541
I DB — (18— 2) - ( 2) equal in length, an 1
h“"l\l 021 i as their midpoinis —t+2s=-4 .. (2) t—2s5= 2 .. (3
i \A—C>\ — /12Z F 202 = /544 unils are the same (at

Solving (1) and (2) simultancously, —(1 4 3s) + 25 = —4
TP —5 = _3
s=3 andso t=1+3(3) =10
Substituting in (3), {— 28 =10—2(3) =4 2%

i |DB| = /202 + (—12)? = /544 units (8, 15)), ABCD is

a square.
i ACeDB =240 —240=0

- N " : g | Since the system is inconsistent, the lines do not meet. .. they are skew.
; = ; 3+ 2 7
EXERCISE 13C The acute angle between the lines has  cos§ = 84 2+3] =
VIHT+IWVO+d+4  V3aV/IT
|
| - e 8~ 11.4°
. i ction vector
' 1 a Line 1 has direction vector 11 and line 2 hiag dire 2 1 3
| . = " _ @ . i . _
As one vector is not a scalar multiple of the other, the lines are nat parallel. , € Line 1 has direction vector 21 and line 2 has direction vector 12
5 0 . _
4 _a_ 3+t=1+72s
Now 14+2t=-2+3s 2=t i ’ @) - t—28=-2 .. () As one vector is not a scalar multiple of the other, the lines are not parallel,
1 o . —t + 5 = . 4
%—3Bs=—3 .. ([H) 14+t=2+3s 2—t=3—2s 3+2=s5-5
Solving (2) and (3) simultanecusly: — —t -5 = 1 5 t—3s=1 .. —t+2s=1 .. (2) U—s=-8 .. (3)
R 1 t= 25___ 71 Solving (1) and (2) simultancously, +—3s =1
h Ep—
=t 28=1
and in (1), LHS = 2t — 3s = 2(0) — 3(1). = ¥ Adding, —s =2
¢=1, 1 =0 satisfies all three equations s=-2 and t—3(—2)=1 . t=-5
the two lines meet at (1, 2, 3) fusing t=0 or s=1}




