Edexcel AS Further Mathematics Vectors o
Section 4: Finding distances

Solutions to Exercise level 2

3 e -3 1
1. () plrection vectorof lineis | £ |-| -5 |=| & |=-3| =2
- -9 3

6 1

Awn equation for the lineis ¢ =| -5 [+ 4| -2 |.
1 3

1

(i) The direction vector of the Line is parallel to the vector | —2 |, which is the
3

vector perpendicular to the plane, so the Lline is perpendicular to the plane,

& 1 1
U -5 |[+A] =] =2|=—9
1 3

e |1
=5 || 2|+4 2] =2|=29
1) 3

e+10+3+ﬂ(1+4+3 -9

19+144=-9
144 =-28
A=-2
Z 1 4
Point of intersection is v =| -5 |-2| =2 |=| ¢
1 3 -5

Coordinates of polnt of intersection are (4, -1, -5),

(tv) The shortest distance from a point to a plane is the perpendicular distance,
so this is the distance between (6, -5, 1) and (4, -1, -5),

Distance = /(6 —4)* + (-5 —(—1))? + (1 —(-5))?

= 22 +(—4)? + &2

=56
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Edexcel AS FM Vectors 1 Exercise solutions

The shortest distance of a point (a, B, 7) from a plane
|M,10£+M,2,B+n37+a’|

w/m,f + Vb; + n_:
The point is (1, 4, -2) and the plane is 2x -4y +z—-3=0
[(2x1)+(—4x4)+(1x—2)—3|

\/:22 +(—4)* +1*

|2-16-2-3]
~ ariert
_ Y
N

m X+t y+nz+d=0ls

Shortest distance =

The shortest distance of a point (a, B, 7) from a plane
lna+n,f+ny+d|

nX+un yy+nz+d =0 is
: SN \/nf+n§+n§
Thepoint is (-3, 0, 1) and the plant ls 2x+3y+z—-2=0

—2X-=3)+(3x0)+(1x1)—-2
Shortest distance is = ( ) +( )+ ( )—2|
\/(—2)2 +2%+17

_le+o+1-2]
5
Vi
Let the polnt on the Line that is closest to P be M,
1-24
OM=|2+31
A
1-24 4 —=-24
PM=|2+31 |- |=| 2+34
A 2 2+ 41

—2-24)(—=2
PM ls perpendicular tothe ling, so | 3+34 |.| 3 |=0

2+ 1
2(=3-2)+2(z3+34)+(=2+A)=0
6+4A+ 9+ 94-2+A=0

141 =-13
13
A=-"
14
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=+ -16
— 1
PM=| 3-2 |=—| =
14
—2-= —41

‘W‘ L 1P izt 1412 = oo 129
14 14 \ 14
J139

Distance of polnt from Line = Vit =315 (3s1)
14

(i) Cet the point on the Lline that is closest to P e M,
5+

OM=|—1+41

2—-A

5+ 2 3+ 4
PM=|-1+41|-| 0 |=| 1+42

2-A -3 e—A

2+ 4 1
PM (s perpendicular to the line, so | 2 +44 |.| 4 |=0
6—A —1
B+A+4(—1+44)—(6e-A)=0
2+A—4+16l—-6+A=0

181 =%
1=
18
z+Z &1
— 1
PM=|-1+% |=—| 10
, 18
6—% 101
— 1 1
[PM| = —Ve1® +10% +101* = —[14022 = 77
18 12 18

77

Distance of polnt from line = N 6.58 (3s.f)
1

1 o
W r=|3 |+ =
—& 1

(i) This is equivalent to finding the distance between (1, 3, -6) and the Line
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5,

0]

2
r=|1|+4]-3].
5 1

Let @ be the polnt on the line nearest to P (1, 3, -6),

2
oR=|1-31
5+
2 1 1
PR=|1-34|-| 3 |=| =2-31
5+ —& 11+ 4

PR (s perpewoltcutar totheline, so | 2—-34|.| —=

—=2(2-3A)+11+1=0

104 =—17#
A=—17#
1
PR =| 3.1
9.3

1

11+ A

PR = \/12 +31°+ 9.3° = 9.85 (3s.f)

(f the Lines ntersect, there are values of A and p for which

3 1 o} 2
5 |+Alo|=|1|+ul 5
-2 2 3 —1

(1) 3+A=2u

(2) 5=1+5u

(B) —24+424==2—-u

R) =p=%

Substituting into (1) >z +A=£=>A1=—
Substituting into (3) > 2+2A=3-t=21=2=1=2Z

7

5

o

1

=0

Edexcel AS FM Vectors 1 Exercise solutions

Since the equations are not consistent, the lines do not tntersect.

1 2

The direction vectors | 0 | and | 5 | are wot parallel, so the llnes are not

2 —1
parallel, Therefore the lines are skew.

40f6
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Edexcel AS FM Vectors 1 Exercise solutions

(1) Let P and @ be the polnts on the two Lines that are closest together,

3+4
So P has position vector v = 5
—2+24
2Hu
and @ has position vector v =| 1 +5 1
B-u
U 2+4 -2-A+2u
PR=|1+5u|-| &5 |=| —4+5u

3—U —2+24 5-20—-u

PR is perpendicular to both Lines
—=-A+2u|(1
so| —4+5u ||o|=0
5-21-—u|l\=2
—B-A+2u+25-24-w)=o0

SA+F=0
A=Z
—=-A+2u|( 2
and | —4+5u || 5 |=0

5-2A—-u )1
A=3-A+2)+5(—4+5)—(5-24-u)=0

30U—31=0
H=2%
s-F+E) [
oPR=| —4+% |=| Z
5-9-% z
Pe|=2y14* +7* +7* =2 [294 =Z e
F 3 -2 3
6, Thelines can bewrittenas r=| 3 |[+A] 1 |and r=| 1 |+ | 2
5 -2 3 —1
Let P and @ be the polnts on the two Lines that are closest together,
F+34
So P has position vector r =| 3+ 4
1-24
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—-&+3U

andl & has position vector v =| —L+2u

3- U
-2+3u F+31 —15 -34+3Uu
PR=|1+2u|-| 3+4 |=| —4—-A+2u
2-U 1-24 24+24—-u

P is perpendicular to both Lines
—15-31+3u)( =2
so| 4-A+2u || 1 |=0
2+24A-pu -2
(15 -2A+3u)+ (4 —-A+2u)—22+2A-w=0
—14A+13u =53
—15-34A+3Uu]|( 3
and | —4—-A+2u || 2 |=0
2+24—-u —1
(15 —3A+3)+2A—4-A+2u)—(2+24-u) =0
—131+144 =55
Solving these equations simultaneously gives A=—1,u=3

15+3+9) [(-= —
OPR=| 4+1+6 |=| = |=3| 1
2-2-2 —z 1

P =31 +1*+1% =33

P=(23)amd = (1,5 0)
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