Vectors

Unit vector a in the direction of a

. A . : .
a=—. where |¢|| 15 the modulus {magnitude ) of a.

d
g and A5 are alsoused to denote vectors.
Scalar Product

ah =

zlll'!lL:k':ie'f where ¢ 15 the angle between aand b .
ab =b.a

ITa=agi+ajrokandb =hi+bj+ bk,
then = jj-kk=1 ij-jk-ki-=0.
ab =abh +a,b, +ah;.

2 2 2 2
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a.a = |;|
If both a and b are non-zero vectors then ais perpendicular to bl ab =10
Vectors
Vector Product

a=h=

vector perpendicular to both aand b,

illblﬁ-il'l & m. where @ 1s the angle between aand b, and n 1= a unit

a=h=-b=a

Wa=ai+ajrokandb=Hi+hj+hk,
then ixi=j«j=k+k=0.i<j=k jk=ik<i=j

ac b= (ah, —aby )i+ (aby —ab ) j+ lab, —ab)k.

If both a and b are non-zero vectors then a 1s parallel to b if
axh=10.

Moments as vectors

The moment about ¢ of force F oacting at position ¢ 15 r=F .



A point is given by the position vector p=3i-j + k.
Aline is given by the vector equation I: r =2i + j - 3k + A( i - 3] + 3K) .

A plane is given by the vector equation I'Ty: r.(1-j - 2k) = 3.

Find:
1) the cartesian equation of the line, |. [3]
2) the cartesian equation of the plane, IT;. [3]

3) the angle of intersection of the line, | and the plane, I1;. Give your
answer in degrees to 3 significant figures. [3]
4) the point of intersection of the line, | and the plane, IT;. [6]
5) the distance of the plane, IT; from the origin. Give your answer in
exact form. [4]
6) the distance of the point, p from the plane, IT;. Give your answer in
exact form. [5]
7) the distance of the point, p from the line, I. Give your answer in exact
form. [7]
8) the equation of the plane IT, containing the point, p and the line, I.
Give your answer in the form r.n = D. [8]
9) the angle between the planes IT; and IT,. [3]
10) the line of intersection of the planes IT; and I,. Give your answer in

the form r =a + Ab. [8]

1 r=2i+j-3k+A(i-3)+3Kk)

X+y+z=2i+]-3k+A(1-3]+3Kk)



x-2 y-1 z+3

1 -3 3
Xx-2 1-y z+3
1 3 3

2 r(i-j-2k)=3

or

x+y+2).(i—-j—2k)=3
X—-y—-2z=3.

nb  (i—j—2k)(i-3j+3K)

3 sinf= =
Inlb] V1+1+4+1+9+9

143-6 -2
J6v19 6419

0 =sin (~0.1873) = -10.8°

sin 8 =-0.1873

Accept + 10.8° or — 10.8°.

4 r=2i+j-3k+A(i-3j+3Kk)
r(i-j-2k)=3
(Qi+j-3k+A(i-3j+3k).(i-j-2k)=3
2+ 2)(1) + (1 =30)(=1) + (=3 + 3A)(-2) = 3
2+4A-143A+6-6A=3
7-2\A=3
A=2
r=2i+j-3k+Ai(i-3j+3k)
r=2i+j-3k+2(i-3j+3Kk)

r = 4i - 5j + 3k.

r.n 3 3\/5

[n| V1+1+4 6 2

or equivalent.




p.n

6 distanceis — —d.

In|

pn_ _@-jrk)i-j-2k) 3

In] J6 V6
_Gri-g3 2 Ve Accept +ve or —ve value or surd equivalent
J6 6 6 .

p=3i-j+k

r=2i+j-3k+x(i-3j+3k) =a+Aib.

(p-r).b=0.

[(3i-j+K)— (2i +j - 3k + A(i - 3j + 3K))]. (i - 3j + 3K) = 0.
B=2-)(1) + (-1 = 1+30)(=3)+ (1 +3-31)(3) =0
(1=2)+(6—9%) +(12-91) =0

19-19%=0

h=1

(P—r)=(@Bi-j+k) - (2i+]j-3k+A(i-3j+3K)

= (3i-j+K)— (2 +]-3k+(i-3j+3K)

:j+k
(p-n)l= V2.
n=(p-a)xb

n=((3i-j+Kk)—(2i+]j-3K)x(i-3j+3k)

n=(i—2j + 4k)x(i — 3j + 3k)

| ] k
-2 4 1 4 1 -2
-3 3 1 3 1 -3

1 -3 3

nN= =6i+j-k



or use the formula provided

rn=D

choosea (3i-j+k).6i+j—kK)=18-1-1=16
orchoosep (2i+j-3).(6i+j-k)=12+1+3=16
sor. (6i +j—Kk)=16.

nn,  (i—j—2k)6i+ j—k)
InfIn, | J6+/38

_6-1+2 7
V638 V6438

0 = cos™(0.4636) = 62.6°.

cosd =

=0.4636

I k
: -1 -2 1 -2 1 -
b=nixxn,= 1 -1 -2/ =i —j +k
1 -1 6 -1 6 1
6 1 -1

b= 3i-11j+7k

or use the formula provided
tofinda,letx=0o0ory=00rz=0.

If x=0,a=(yj +zk),and a.n; = D; and a.n, = D..
(yj+zk). (i-j-2k)=3 -y-2z=3 (1)
(yj + zk). (6i + j— k) =16 y-z=16 (2)
(1) & (2) givey =29/3 & z =-19/3

r=a+ b = (1/3)(29j — 16K) + A(3i — 11j + 7K).



