Edexcel AS Further Mathematics Vectors o
Section 3: The equation of a plane

Section test

1. Which of the following are equations of a plane?

(i) 3X—2y+47 =5 iy 2 oy-2td
2 2
1) (-3 3) (-1) (3
(i) r=|-1(+4 1 (iv) r=|-1|+A 1 |[+pu| 2
o) |2 o) l2) [=

2. The cartesian equation of a plane is 5x—3y+2z=8
Which of the points A(3,1,-2), B(1,2,3), C(-2,1,3) and D(5,3,-4) lie on the
plane?

3. An equation of the plane through A(-2, 1, 4) with vector u = 3i — j+ 2k normal to the

plane is:
(@ 2x+y+4z+1=0 (b) 3x—y+2z+1=0
() 2x+y+4z-1=0 (d) 3x—-y+2z-1=0

4. The points A and B have coordinates (1, 2, 3) and (-2, 1, -5) respectively.
The line AB is perpendicular to the plane 7.
The point A lies on the plane = .
Find the equation of the plane z in cartesian form.

5. Find the cartesian equation of the plane through the points A(-1, 0, 5), B and C given

2 2
AB-| 4 |=AC-| 4 |=0.
-1 -1

6. The point (2, 3, k) lies on the plane

-2 2 1
r=|1|+A] 0 [+u|-1].
6 -1 2
What is the value of k?
3 —4 1
7. Theequationofaplaneis r=|1|+A| 2 |+u|-1].
0 1 2

Find the Cartesian equation of this plane.
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Find the angle between the planes 3y—z=4 and x+y—2z=465.

1 1
Find the coordinates of the point of intersection of the line r=| 4 |+ 4| 3 | and
-1 -2
the plane 4x—-3y+2z=8.
Find also the angle between the line and the plane.
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Section test solutions

1, Optlons (it) and (iil) are equations of lines in 3 dimensions, One is written tn
cartesian form, the other in vector form.
The only two that ave equations of planes are (1) and(iv),

2. Substitute each point tnto the equation of the plane:
A 5x3-3x1+2x(-2)=¢
B:5X1-BX2+2X3=5#8
C:5X(2)—3X1+2X3=—"F#8
D 5EX5-3x3+2%x(—4)=¢

A and D are polnts on the plane,

2 -2
2 Ut rr=an withw=|-1|and a=| 1
2 4

X 3 -2 2

Y -1 |=| T -1

z 2 4 2

Ax3+ yx(—1)+zx2=(2)x3+1x(-1)+4%x2
3/(—g+2221
3/(—54-22—1:0
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=) (1) [-=
4. AB=Yp-a=| 1|-|2|=|-1| Thisisperpendicular to the plane.
-5 3 -8
-3 1
Usting rim=an with w=| -1 | and a=| 2
- 3

ax(=3)+yx(1)+zx(-g)=1x(-3)+2x(—1)+3x(-2)
BX-Y—8z=-29
BX+Yy+8z-29=0

2
5, Since both AB and AC are perpendicular to vector | 4 |, this vector must be

-1
perpendicular to the plane,
i =aw
X 2 —1 2
5 A 4= ol 4
z) 1 5|1
2X+4Yy-—z="22+0-5
RX+4Y—Z+F =0
2
6, Substituting r =| 3 |lnto the equation:
K
2 -2 2 1
3|=| 1 |[+4] 0 |[+u| 2
ke 6 -1 2
2+2A+u
e—A+2u
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Considering middle row: B=1-Uu =D pUu=-2
Constdering top row: 2=22+2l+u = A=3
Consldering third row: k=6—-A+2u=6-3—-4=-1
X 3—4l+u
F |y |=|1+24-u
z A+2u

(1) x=23—-41+u

(2) y=1+24-u

(B) z=1+2u

W+Q@) = x+y=4-21 =2A=3—-x—Yy)

Substituting into (2) :>g=1+(4—x—5)—,u S U=5-X—2Y

Substituting both these into (3) :z=§(4—x—5)+2(5—x—23)
=S R2Z=4-X—Y+20-4x-2Y
= 5x+ 9y +2z =24

8. The angle between the planes is equal to the angle between thelr normal vectors

o) 1
2 land | L |,
—1 -2
oll1
=31/ 1 |cosb
-1 |\—=2) |—1||=

0+3+2 =32 +13J1% +1> +2% cos 0
5

c0s = ——
Jioe
0=49.g°
X 1+1
9. A general polnt on the Line has coordinates | ¢ |=| 4+34
z -1-24

Substituting this into the plane 4x -3y +2z =2
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41+ ) -3« +30)+2(1-24)=¢
4+4A-12—- 91-2-41=¢

—9A=1g
A=-2
X 1-2 -1
The Intersection polnt is given by | y |=| 4+3x—=2 |=| =2
z —1-2x-2 3

The intersection polnt is (-1, -2, 3).

The direction vector of the line is d =| =

-2
4
The normal vector of the plane is n =| —3
2
1) (4
dn=| 2 |.| 3|=4—-9-4=-9
—2 2

] =v1* +2* +2% =/14
| =47 +2% +27 = |29
. 9
Acute anole between these two vectors (s given by cos @ = ——
9 9 d V1429

0=635°
Angle between Line and plant is 90°—63.5° = 26,5°
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