Edexcel AS Further Mathematics Vectors o

Section 4: Finding distances

Section test

3
1. Find the distance of the point (5, 1, 2) from the plane r.| -4 |=11.
5
3 1
2. Find the shortest distance from the point (4, 2, 2) tothe line r=| 1 |+ 4| -1].
-1 2
3 1
3. Find the shortest distance between the two skew lines r=| -2 |+ 4| 1 | and
-1 -4
1 0
r=1|+ul 1
3 -2

4. Find the shortest distance from the point P (4, 1, 6) to the plane 2x -3y +3z =1.
Find the coordinates of the point on the plane that is closest to P.

5. Find the coordinates of the foot of the perpendicular from the point (3, 1, -1) to the
Xx-1 y+6 z+2

2 2
Find the distance of the point from the line.

line

6. Two lines have equations

4 2 7 4
L:r=|1(+A]0|andl,:r=| 9 |+u|-1
0 3 -13 5
Points P and Q are on |, and |, respectively, such that PQ is perpendicular to both |,

and |, .

Find the coordinates of P and Q.
Find the distance PQ.
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1. The shortest distance from the polnt P(xl,gl,zi) to the plane
ax, +by, +oz, +d|

Na* + 6% + 22 |
So the shortest distance from the point (5, 1, 2) to the plane

ax +by +ez +d =0 Ls glven by

Bx—4y+5z—11=0 (s oiven by ot O 10 10 =2
g : d J22+42+52 | 50 542
2. Let M be the polnt on the line closest to P,
3+ A
oM=| 1-21
—1+21
3+ 4 4 1+ 4
PM=| 1-1 |-|2|=| -2
-1 +21 2 -=2+24
1 -1+ A 1
PM s perpendicularto | —1 |, so | -1 -4 || -1 |=0
2 —=+24)( 2
1+ A-(t-A)+2(=3+24)=0
el=6
A=1
-1 4+1 )
SoPM=|-1-1 |=| =2
-3+2 -1
‘W‘ =0 +2% +17 =J§
3, Let Pand @ be the polnts on the two Lines that are closest to each other.
2+ A
P has position vector r =| 2+ 4
—1—4A
1
& has position vector v =| 1+ u
2-2U
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1 3+4 —2-1
PR=| 1+u |-| =2+4 |=| 3+u-2
3-2U —1—41 4-—2u+42
PR is perpendicular to both Lines
—2-4 1
so| 3+u—-A || 1 |=0
4-2u+41)\|—4

2-A+3+u—-A—-4(4-2u+4A)y=0

—18A+ 9u =15
—-eA+3u=5
—2-4 0
and | 3+u—-A || 1 |=0

4—22u+41) =2
Btu—A-204-2u+41)=0
A+5u=5
Solving these equations simultaneously gives y=-5,A=-%

3

2+ 4 2
— 1 2
PR=|3-5+2 |=—| 4 |=—|2
40 32 3
4+10-% 2 1
— 2
P@|==+2"+27+1* ==x3=2
3 3

. The shortest distance from the poink P(x,, 4., 2, ) to the plane

ﬂx1+bg1+azl+ﬂ/|

So the shortest distance from the polnt (4, 1, &) to the plane 2x -3y +3z =1 is

ax+by +ez +d =0 s glven by

g-z+1g-1| 20

The line that goes through P perpendicular to the plane is

given by =422

4 2 4+24
r=|1|+A -3 |=|1-34
& 3 6+34
Substituting tnto the equation of the plane:

3of5 14/12/17 © MEI
integralmaths.org



Edexcel AS FM Vectors 1 section test solutions

2A4+20)-3(1-3)+3(e+3)+6=1
A =—"22
A=-1
2
Position vector of polnt on plane is v =| 4
3
So the coordinates of the point closest to P ave (2, 4, 3).

1 1
. The line has equation v =| —6 |+ 4| 2

-2 2
Let the foot of the perpendicular be M
1+ 4
OM=| —-6+21
—2+24
Pis the point (3,1, -1)
1+ 4 3 2+A
PM=|—-6+21|-| 1 |=|*+21
—2+24 -1 —1+24

1
This vector Ls perpendicular to the divection vector | 2 |for the Line,
2

-2+ 4 1
—F+21||2|=0
—1+21 )2
—R+A-14+4A-2+44=0
91 =18
A=2

1+2
OM=|-6c+4

—2+4

The coordinates of the foot of the perpendicular are (3,-2,2)
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The distance of the point from the Line is the length of the vector PM.
o)
Sy

3

[PM|= 2% +3° =33 =4.24 (3 .f)

4+24
&. The coordinates of Paveof the form r =| 1

34
FtA4u

The coordinates of R ave of the form v =| 99— pu

—13+5Uu
F+4u 4+24 3+4u—24
PR = 9—u |- 1 = &—u
—13+5u 34

—13+5u—34
3+4u—24 2

g— U Jol|=0
—13+5u—-31)|3

PR s };erpewdtcutar to l: so

6+8uU—41-39+15u— 9L =0
2BU—-131 =33
3+4u—-24 4
g—u |-t |=0
13 +5u—-31 )| &5

P is perpendicular to Lz so

12+16U—- QA -8+ U—65+25u—15A=0
42u—-23A =61

Solving these equations simultaneously gives 1 =1, u=2.

SoPis (6,1, 3) and R is (15, # -3).

9
PR =| & |so ‘ﬁ‘ =3y3*+2°+2% =124 (3s.f)

—6
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