Geometry I, 2006 : Coursework 3 Solutions

Uy U1
2. (i) [1 mark] Suppose u = [ uz | and v = | vy |. Then u v = uyvy + uzve + uzvs.
us (OR}

(i) [2 marks| u - v = u1v1 + ugvay + uzvs = vViuy + Voug + VU3 =V - U.
[Alternatively, this could be proved by noting that the definition of u - v gives the same
value when the roles of u and v are interchanged.]

[0 %%}
(iii) [1 mark] u- (aw) =u- | avs | = uiavy + ugavs + ugavs = a(ugvy + usve + uzvz) =
U3
ou-v).
auq
[1 mark] a(u-v) = a(uivy +ugva +usvs) = auivy +ausve +ausvy = | aus | v = (aqu)-v
aus

(iv) Applying (iii), we have:
[1 mark] w- (—v) =u- ((—1)v) = (—1)(u-
[l mark] —(u-v) = (-1)(u-v) = ((-Du) -v=(~u) v

3. (i) [1 mark; some calculation must be shown]
Let ¢ be the angle between p and ¢q. Then cos = p - q/(|pllq|) = 2/(v/6v10) = 1//15.

(ii) [1 mark; some calculation must be shown]

9 —4 4 128
(Bp+2¢)-(5p—3¢))p+q)=| 6 |- | 10 |(p+g=32|2|=| 64
-1 -8 0 0
—1 2
4. (i) [l mark] [ 4 |- | —3 | =16, and so a Cartesian equation for the plane is
5 6

2z — 3y 4+ 62 = 16.

(ii) [1 mark; justification must be given] The point (5,0, 1) is on this plane since

2x5—-3x04+6x1=16.

(iii) [1 mark; some calculation must be shown| This distance is

1 2 2
2 |- =3]-16//[[ =3 ||=20-16]/7=4/7.
2 6 6



5. (i) [1 mark iff all three are correct]

[
1 1 —2
p=1|2 |he=|0),r=1] 1
- \=3/  \1 2
(ii) [1 mark each; some calculation or justification must be shown)]
0 -3
a=q-p=|-2)|,b=r—p=| -1
- 4 - 5

(iii) [1 mark; some justification must be given] a is not parallel to b, since it is not a scalar
multiple of b.

(iv) [2 marks]
1
One solution isn = | 2

1

(v) [2 marks; some explanation or calculation must be given for full marks; one mark if
only a (correct) equation for the plane is given]

The vector n in part (iv) is orthogonal to both of the non-zero non-parallel vectors a and
b, and so n is orthogonal to the (unique) plane containing the points P, @, R.

Since p-n = 2(=¢-n =r-n), a Cartesian equation for this plane is

T+2y+2=2.
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