Pure Mathematics Year 2

Vectors, Mixed exercise 12

1 Coordinates of M are (3,5,4)

Distance from Mto C
:\/(5_3)2 +(8=5) +(7-4)
=J4+9+9=+22

2 Distance from P to Q

- (a-2)-2) +(6-3) +(7-a)

—Ja?—8a+16+9+49—14a+a’

=\2a?—22a+74 =14

2a®-22a+74=14
a’-11a+30=0
(a—-5)(a-6)=0
a=5o0ra=6

3 |AB|=32 +12 +5% =Jt2 +34
48|

JP+34 =52

t* +34=50

t* =16

t=4 (sincet>0)

So AB =-3i+4j+5k

6i—8j—gtk=6i—8j—10k

= -2AB
So AB is parallel to 6i —8j—gtk

4 a Let O be the fixed origin.

PQ=0Q-0P =-3i—8j+3k
PR =0R-OP =-3i-9j+8k
QR=0OR-0Q =—j+5k

b

a

SolutionBank

‘P—Q‘ ~\J9+64+9=482
\ﬁé\ —/9+81+64 =154

NN

cos LQPR= 227154726 _ () 343

2><\/8_2>< J154

ZQPR =20.87...°

Area of triangle
_ %x 82 x /154 5in 20.87..°

=20.0 (1d.p.)
DE =OE —OD = 4i +3j+4k

EF =OF —OE =-3i—4j+4k
FD=0OD-OF =—i+j—8k

\DE}=¢16+9+16=\/H
\ﬁ\:Jm:m
\ﬁ\=m=@

Two sides are equal in length so the
triangle is isosceles.

PQ =0Q-0P =9i—4j
PR=0OR-OP =7i+j—3k
QR=0R-0Q =-2i+5j-3k

\%\:Jsum:ﬁ
\ﬁ\=m=@
|- V7575 - V38

ZQRP =90° so PQ is the hypotenuse.

sin ZPQR =@ = \/5:9= 0.7799...
EAL

/PQR =51.3°
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7 AC=AB+BC=-2j+k

‘E‘:\/1+1:\/§
‘B—C‘ = \/1+9+1 = \/1_1
‘A—C‘ ~Ja:1=5
2+11-5
cos Z/ABC =—— =0.8528...
ZX«/EX\/E
/ZABC =31.5°

8 AC=AB+BC—=BC=AC-AB
9
So BC =| 10
-6

|ﬁ|=\/36+4+121=J1671

|E| —J225164+25=/314

|ﬁ| = J81+100+ 36 = /217

161+ 217 -314

cos ZABC = =0.1712...

2xJ161x+/217
/ABC =80.14...°

Area of triangle ABC
= % x161x /217 xsin ZABC

Area of parallelogram ABCD

=161 x+/217 xsin ZABC
=161 x+/217 xsin80.14...°

~184 (3s.f)

SolutionBank

9 a \E\ ~J4+25+9=4/38

\AC}:J4+25+9=\/3_8

So ABC is an isosceles triangle.
Therefore DBC is an isosceles triangle.

So AB is parallel to CD and
AC is parallel to BD.

Let O be the fixed origin.

OD =0C +CD
-=0C +AB
~0OC+0OB-0A
4) (0) (2 2
=|-2|+|-2|-| 3 |=|-7

-5 1 -2 -2
Coordinates of D are (2, =7, —2).

ABCD is a parallelogram with four sides
of equal length. It is a rhombus.

‘ﬁ‘=\/16+36 - J52

38+38-52

ZX@X\/@

Z/BAC =71.59...°

cos Z/BAC = =0.3157...

Area of triangle ABC
:%x\/ﬁx\/@xsin /ABC

Area of parallelogram ABCD

=/38x+/38 xsin ZABC
=38 x/38xs5in71.59...°

=36.1 (3 s.f)
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SolutionBank

100P=Loc=1c
2 2
AB=Db-a
1 1
OQ:OA+EAB :a+5(b—a)
Wg:@_@:%(am_c)

OR=10A=1a
2 2

BC=c-b
= 1 1
0S =0B+-BC=b+(c-b)

R?:(ﬁ—(ﬁ:%(—amw)

or=toe=1p
2 2

AC=c-a

W:O—A+%ﬁ:a+%(c—a)

'm=m—c7l:=%(a—b+c)

Suppose there is a point of intersection, X, of

PQ,RS and TU.

ﬁ=tﬁ:%(a—b+c)
for scalarsr, s and t.

But RX = RO+OP + PX

=—1a+lc+i(a+b—c)
2 2

o) %(—a+b+c)

s(-a+b+c)=(r-1)a+rb+(1-r)c

Comparing coefficients of b and c:
s=rands=1-r

Hence r:s:1
2

—1a+£c+£(a+b—c)
2 2 2

Also TX =TO+OP +PX
:—1b+£c+£(a+b—c)
2 2 4
) l(a—b+c)=—£b+£c+£(a+b—c)
2 2 2 4
t(a—b+c):%(a—b+c)

Hence t = 1
2

So the point X is the midpoint of all three line
segments PQ, RS and TU. Therefore the line
segments do meet at a point and bisect each
other.

11 Total force on particle

=F=F+F +FK
=((b+1)i+(4-b)j+(7-b)k)N

IF|=J(b+1)° +(4-b)* +(7-b)’
— b2 +2b+1+16—8b+b? +49—14b +b?

=+/3b” —20b + 66

[Fl=mia

— \/30% — 200+ 66 = 2x3.5=7
3b? —20b +66 =49
3b?-20b+17=0
(b—1)(3b-17)=0

b=10rb=£
3

12a Air resistance acts in opposition to the

motion of the BASE jumper. The motion
downwards will be greater than the
motion in the other directions.

b Gravitational force downwards
=50x9.8=490 N

Total force on BASE jumper
=W +F —490k

=(16i +13j— 40k N
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12¢ [16i+13j—40k| = /256 +169+1600

=4/2025 =45 N
Acceleration = H_9 ms
50 10

Using s = ut+%at2 .

180 =0+ Lx 22
2710

t2 = 400

t=20

The descent took 20 seconds.
Challenge

For example, ifa=(1,0,0),b=(0, 1, 0) and
c=(1,1,0)thenp=qg=r=1gives

a+b+c=2a+2b

Sos=2#p,t=2#qgandu=0+#r, and the
result does not hold.

The statement is also untrue if any of the scalars
p, q and r is zero. For example, with a, b and ¢
asabove, ifp=0andg=r=1,thens=1+#p,
t=2#qandu=0+#r.
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