STUDENT REVISION SERIES

Vector Functions

Question: 1.

The position of two particles are described by the position vectors:
rt)=0@t—-3)i+ 2t —1)j,t=0and

s =QRQ-ti+(t—-2)j,t=0

a. Find the distance of the particle r from the origin when t = 2
b.  Find an expression for the distance between the two particles at time t

c. Hence, find the minimum distance between the two particles and the value of t for which this occurs.

Question: 2.
The path of an object is defined parametrically by r(t) = (5 — 4 cos(t)) i + (3sin(t) —4)j

Show that the cartesian equation of the path is % + o) 1

9
Question: 3.
Two ships A and B are observed from a lighthouse at origin O. Relative to O, their positions at a time t hours are
given by

ra(t)= (t+2)i + (t>?=5t+6)j
rg(t) = t—4)i + (t> —4t)j

a. Sketch the paths of each ship for t=0. Show the direction of motion.
b. Find the cartesian equation for the path of ship A.

C. Find where the ships paths cross.

d. Find when and where the ships collide.

Question: 4.

The cartesian equation of the path of the object described by r(t) = 2sec?(t) i + 4tan?(t) jis:

a. y=2x—4
b. 4x2—y?2=16
4
. = y—2=1
4 16
d. 4x?2+y%2=16
4
e. x——y—2=1
4 16
Question: 5.

The cartesian equation of the path of the object described by r(t) = (Ve — 3) i + 4t? jfort > 3 s:

a. y=4x?

b. y=4Vx—-3

c. y=4x2+3)
d. y=4(x%+3)?
e. y=16(x?+ 3)?
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Question: 6.

Two people, Adam and Barry, are jogging on an oval. Their position vectors, relative to an origin O, attime t
minutes after midday are given by

ra=0-20)i+Qt2—t—-1)j

rg=02t-3)i+2-2t)j

Where displacements are measured in metres.

a. State the initial position of Adam. Give your answer in terms of i and j.

b.  Sketch and label the path of both Adam and Barry on the axes below.
Show the direction of motion of each person with an arrow.

c.  Find where Adam and Barry cross paths. Give your answer as coordinates.

d.  Find when and where Adam and Barry collide.

Question: 7.

The position of two trams, A and B at time t, can be described by the position vectors
rg=3Q—-t)i+2(t+2)j

rg=0t—-1D)i+@Bt—-1)j
Where displacements are measured in kilometres and time is measured in hours.

a.  Show that the two trams do not collide.
b.  Find where the paths of the two trams cross. Give your answer as coordinates

¢.  Find the minimum distance between the two trams, and the value of t for which this occurs. Give your
answers correct to two decimal places.

Question: 8.

Leti and j be unit vectors in the east and north directions respectively. At time t, the position vector of particle
Gisgivenby rg = (4t — 6) i + (t% — 4t + 3) j, and the position vector of particle H is given by
ry = (t? — 3t) i + (2 — 2t) j. Particle G is directly north of particle H for ¢t equal to:

a. 1
b. 2
c. 4
d 6
e. 8
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Answers

Question 1 to 3 Answered on YouTube.
Question 4 Option A

x=2 secz(x) y=4 tanz(:)
tan2+1=sec2(x]

£=SeC2 } i=tem2 }
2 4

Substituting values for secgfx} and tan2(x)

YoX

4 2

¥ X
solve| —+1=—n| » p=2-x-4
4 2

Question 5 Option D

solve{:x=ylf—3 ,::} . f=x2+3 and x=0

Substituting expression for ¢ info the

y—component

2
y=d- t2p=x2 43 v y=d- &%3}
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Question 6

a. Initial position of Adam is i — j

1.

1.2 | 2.1

r}
yZ[f}
1a{f} [
1'h{f} [xz }

! —t-1* Done

1 ;
J 1-2-¢ » Done -

=3
2- -3 » Done
2-

2-t* Dope

xl } yl[f}] » Done
}] » Done

[xl{r}=1—2-:

yi(f)=2- 12 --1

-

f
B
Lt
-
=
Fig =

To determine where the paths cross, we need Adam
and Barry to be at the same location, but they can be
R there at different times (e.g. t1 and t2)

solve{ra{f 7 } =rb {:f2} A1 ,f2:}|

We can find the positions of where the paths cross by
evaluating 7, ( ) and 4 (1).

1 3
# fJ==—and {Z=—orfi=1and i2=1

1'a(%] r[o -1]

ra(1) » [-1 0]

Equivalently we can evaluate g (%) and (1)
(try this yourself to check if it works).

-

d. The particles will collide at t = 1 and at
(_ 1,0)

Adam and Barry will collide when they are at the
same location at the same time. From the previous
result we see that they are at the same location for
t=1(etl=t2=1)

© Texas Instruments 2020. You may copy, communicate and modify this material for non-commercial educational purposes provided all acknowledgements
associated with this material are maintained.

i3 Texas
INSTRUMENTS

Author: ] Mott



Question 7

a. To find where the trams, we need them to be
w1l | at the same location at the same time.
Xl{.} =3 (2-0) » Done To determine this, we can solve
yl{.f} =2- I[z+2) » Done TA(tl) — TB(tZ)
Xz@ =t=1* Done If t1 = £2, then the trams will be at the same
y2(¢):=3-t-1 + Done location at the same time.
rald:=[x1(d) y1(s)] » Done Ift1 = t2, then
rble):i=[x2(s) y2ls)] » Done They will pass through the same location,
but at different times. From the output we can
see that t1 + t2, hence the trams do not
|| | collide (thankfully).
_-,olveh a{z}} 1b|{52} i fZ‘) - r}—ﬁ and 2= 9
11 11
18 76
b. Paths will cross at (H H)

¢y ‘ \ 16 29
solve{_ra{f?)=1'h{_f2),fI ,fZ_} » [J=—and {2=—

(16] 18
rajl—|*|— —
11 11

76
11

2

11

11

(16] 5 3
rb|—|» | =— =
11 11 11

L4

We first need to find an expression for the
distance between the two position vectors. This is
given by |r, — 1|

¢. Mindistance is 3.15, and occurs fort = 1.94

dist{_f):=no1m{1':1(5}—1']1(3) | » Done
Note: [rry, — rg| = |rg — 14| (i.e.the distance
from A to B is the same from B to A). Also, on
CAS, the required syntax is the norm command to
give the length of a vector.

dist{))~0 {mr}

solve a’ ;
| a=dist(s)

" f_l'g'ﬂ 18 and d_"'lt"z% To obtain the minimum, we can solve the

derivative of the distance expression equal to
Zero.
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Question 8 Answer D

xl{z}:=4- -6 » Done

yl{!} f =4 t+3 » Done

xZ{f} f =3t » Done
y2|{_f}:=2—2-f v Done

For 5 to be directly above H, they need the
same x—coordinate at the same time, t.

_ At t = 1, the particles at the same position.
S0 {xl{f}—le{f) } v f=1orf=6

[yﬂz} v2(d) =1+ [0 0] Att = 6,6, =15 and H, = —10, which
[y1(d) y2(e)]je=6 » [15 -10] indicates that G is directly above Hatt = 6

-24.6 2 T4.5
o
R""'\-._,____.
t=6
xl,yl:( 18,15 )
-33.57 x2,¥2: (18,-10)
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