R Further kinematics

ROBINSON Worked solutions

This topic online

n [In this question i and j are perpendicular horizontal unit vectors and position vectors are given
relative to a fixed origin 0]

A particle P moves with constant acceleration (2i — 3j) m s™2 Attime t = 0 its velocity is (4i + j) m
-1

s .
a. Find the velocity of Pwhen t = 3

b. Find the speed of P when t = 3, giving your answer as an exact surd. (4 marks)

o) Use v =u + at weth vectors
v = (4 +)) +3(2i - 35)
v = (44t -9))

v = (\0i - 35) m s\

b) Speed cs the magactude of v
v| = £ 0o+ (-2)?)
|v| = [Twu

2 thimen (=12.8)
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n [In this question i and j are perpendicular horizontal unit vectors and position vectors are given
relative to a fixed origin 0.]

A particle moves with constant acceleration (0.5i + j) m s™2. Attime ¢ = 0 it is at the point with

position vector (2i + 5j) m and has velocity (3i - 2j) m s

a. Find the position vector of the particle when t = 4

b. Find the distance of the particle from O when t = 4 (4 marks)

a) Oisp(.o.cv.me.nk: s =vut + %o.t"
S = 4(3 - 20) + l(lé)(O.Sa + J)
2

s = (- sj) + (i + 85)
s = 6

Add the starting posction

r= (204 5)) 416

r=(18 + SJ) m

b) Ocstance From Ois Ir’
el = L7082+ 52)
el = 3ul=18.69..

18.7 m
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n [In this question i and j are perpendicular horizontal unit vectors and position vectors are given
relative to a fixed origin 0.]

At time t seconds, the position vector of a particle P is r metres, where
r= (68 - 40i + 22 + 1)j
a. Find the speed of Pwhen t = 2

b. Find the acceleration of Pwhen t = 2 (5 marks)

o.) Oz.ocf,e.rcmt:.af& r %o 3'.€ v

v = 40 3k -u)i 4t

t=2
v = (12-4)+%) =813
v| = £(8+ %)= Fias

8L 2 msn

b) O;Oc.l.erv.n‘l::.«tv. v to Sc.t o
o = ﬂ =6t ¢ '-}:)
dt

t=2

o = (12¢ + L}J) ms2
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n [In this question i and j are horizontal unit vectors due east and due north respectively, and position
vectors are given relative to a fixed origin 0.]

A particle P moves with constant acceleration. At time t = 0 the velocity of Pis (-3i + 6j) m s™!and

at time t = 4 seconds its velocity is (5i - 2j) m s

a. Find the acceleration of P.
b. Find the value of t when P is moving parallel to i.

c. Find the value of t when P is moving north-east. (7 marks)

v=-u
a)v=vtak,soa=

o = (Sc=2))=(-3+))

o.=(?.i-2."))ms'?.

b) Velocct yot tume &
v = (-3 4¢)) + t(2i - 23)
v = (-2 428D+ (¢ - 2t))
Pacallel o< ) componenk cs zero
¢é-2t = 0
t=3
¢) North-cast: « and j components equal (and posctive)
-3+2f = ¢-2at

4t = 9

£ 9

N
Check: v = \.5c + 1.9, both positive

‘l:=l
N
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a [In this question i and j are horizontal unit vectors due east and due north respectively, and position
vectors are given relative to a fixed origin 0.]

A particle P moves with constant acceleration (-2i + j) m s™2 Attime t = 0, Pis at the point with
position vector (-10i + 4j) m and is moving with velocity (7i - 2j) m s,

a. Find the position vector of P at time t seconds.

b. Find the two values of t for which P is due north of 0.

c. Show that at the first of these times P is moving due east. (7 marks)

u)r=r_0*0‘k+ Lo.t"
2

|
= (-\oc [ (7 -2 —t2(-2¢ +
(-10c + 43) + &( zJ)+2 (-2¢ 4 §)

r=(-104+ Tt -4£*)c+ (4 -2t+ %(:2)5

b) Oue north of O: i component is zero (and 3 c.ompcme.n'l: pos:.*(:ive.)
-0+ 7E-¢t* = O

tt-1t+10 = 0
(t-2)t-5) = 0
Checl the j components
t=2.4-442=2>0
t =5 4-10+125=¢5>0

t=2and t=5
o)v=u+o~€

v = (7-2t) 4 (-2 + t);

£t = z:v=3«.+oJ‘

v=23sfis mo\/ina due east
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n [In this question i and j are perpendicular horizontal unit vectors and position vectors are given
relative to a fixed origin 0.]

At time t seconds, where t > 0, a particle P has velocity vm 5_1, where
v = (- 4t + 3)i + (2t + 1)j

a. Find the values of t when P is moving parallel to j.

b. Find the magnitude of the acceleration of Pwhen t = 4

c. Find the displacement of Pfromt=0tot =3 (8 marks)

o) Parallel ko j: « component is zers
t*-u4t+3 =0
(t-1)(E-3) =0
) component 2€ + 1 is not 2ero at these times

t=land t=23

b) Ocg perentiate v

o = (26 -4)+2)

t = wa=uit2)
Ia.l = [(+r+22) =120
2{ s ms2
¢) Tnkegrate v

Jvat = (Lo -atvaea (e 1),

L;mifsi[...]ocromoto3
«.9-1%9+9-0 = 0O
5:1-&3-0 = 12

displacement = 12) m
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[In this question i and j are perpendicular horizontal unit vectors and position vectors are given
relative to a fixed origin 0.]

At time t seconds, where t > 0, a particle P has acceleration a m 5—2, where
a= 3t%i -2j
When t = 0, Pis at 0 and is moving with velocity (4i + 5j) m s,

a. Find the speed of Pwhen t = 4

b. Find the position vector of Pwhen t = 4 (8 marks)

o) Ia'l:e.ar«ke. o

vV = 3Xit3/zt‘lts+c
3

v = 26 -2t e
t=o:v=qa+sd,soo=ua+55
v = (27" + 4) 4 (5 - 2t))
t=u,and 4>/ =8

v = 20i - 3)

|v| = [ (202 +32) ={ o1
Iv = 20.22%..

20.2 m s\
b) IM:Q.SN.(:Q. v

r = i s/1 { - +2):
((5/2)(: +ut)i + (st (:)J-t&

r= (%65/1 ut)is+(st-t2)j+4

t=0:r=0,%4d=0

t=4,and 452 =32

r= (%(‘sz) +¢) + (20 - |6)5

e=(we + H-J) "
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n [In this question i and j are perpendicular horizontal unit vectors and position vectors are given
relative to a fixed origin 0.]

Two particles A and B move on a smooth horizontal surface with constant velocities. At time t = 0, A
is at the point with position vector (2i + j) m and B is at the point with position vector (10i — 3j) m.
The velocity of Ais (3i +j) m s~ and the velocity of B is (—i + 3j) m s,

a. Find the vector AB in terms of t.

b. Show that A and B collide, and find the position vector of the point where they collide.

c. Find the exact distance between A and B when t = 0.5 (7 marks)

a) Posction veckors at tume ¢
A= (2438 (14 £))
r & = (10-€)+(-343¢);
AB < ~ B -, A

AG = (8 - ut) + (26 - w))

b) Collide of AB = 0 at the same £ime

P-4t = Osa.\/e,st=?.

2e -4 = oawe,st=z
Same &, so tke.y collide
r__A = (24 C); +(\+ ?.)J

they collide at (8i +3)) m
¢) Substetute t = 0.5 cato AB
AB = (2-2)+(1-4);
A = ¢ -1
AB| = F(3¢+9)=Tus
3 s m
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n [In this question i and j are perpendicular horizontal unit vectors and position vectors are given
relative to a fixed origin 0.]

A particle P moves with constant acceleration (2i - j) m s™2 Attimet=0, P passes through 0 with
velocity (-4i + 2j) m s~1. At time T seconds, where T > 0, P passes through the point C with position
vector (Ai - 6j) m, where A is a constant.
a. Find the value of T.
b. Find the value of A.
c. Find the exact speed of P as it passes through C. (8 marks)

= ot + %o.t" (starks ot O)

£ gl 42)) 4 Lk - )
2

€= (ouk 4 t?) s (2t - %e%

«) Match the \) compone.n‘(‘: with =¢

2T - L2 = ¢
2

T*-4T-\2 = O
(T-€)T+2) =
T>0
T=¢

b) ¢ component at T =¢
A= —u(e) +¢*
A = -24 43¢

A=z
dv=vtatatt=¢

v = (-4 +12) 4 (2 - ¢€)

v = :.-'-}\)'
e+ ) =T 00

4l S men

V]
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m [In this question i and j are horizontal unit vectors due east and due north respectively, and position
vectors are given relative to a fixed origin 0.]

At time t seconds, where t > 0, the position vector of a particle P is r metres, where
r= (2 - 30i + (5t - 9

a. Find the velocity of P at time t.

b. Find the value of t when P is moving north-east.

c. Find the distance of P from O when P is due east of 0.

d. Find the magnitude of the acceleration of P at this time. (9 marks)

o) Oc F oce.re.ﬁt:.o.to. s

v=(3t?-2) + (5 - 2t);

b) North-east: i and j components egual and posctive
2-3 = 5 -2t

t2+2¢-% = O
(rt-a)t+2) = 0O
£

"
i o

Check: v = %L + %JJ both posctive

'l:=i
3

¢) Ove east of O: j component zero, i component posctive
st -t o
k(s - t) = O
t = s(t=0gwvesPatO)
¢ component: 125 - 1S = 10

IO m

d) O:.J.cpue.nk:.o.te. v
o = ¢t - 1:)
t = S!a =30¢ - 2)
|o.| = {(loo+4) =1 0+

Ial = 30.06¢...

30.\ ms 2
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m [In this question i and j are horizontal unit vectors due east and due north respectively, and position
vectors are given relative to a fixed origin 0.]

At noon, ship A is at 0 and ship B is at the point with position vector (20i + 4j) km. Ship A moves

with constant velocity (6i + 8j) km h~1 and ship B moves with constant velocity (2i + 10j) km h=1. At
time ¢ hours after noon the position vectors of A and B are rp km and rg km.

a. Show that the position vector of B relative to 4 is (20 — 4¢)i + (4 + 2t)j
b. Find the time at which B is due north of 4, and the distance between the ships at that time.

¢. Find, using calculus, the time at which the ships are closest together and the least distance

between them. (9 marks)

o) Position vectors at time t
r A = ¢t + %tJ
r & = (20 +26) + (4 +108);
r & -0 A = (20426 -6t + (4 410t - 2t
e ® - A =(20-utd + (4 +2k)
b) Oue norkh: ¢ component zero () component posctive)
20 - 4t
t=+5

o

) component: 4+ +10 = 14

S ¢m, 14 km apart

¢) Let 0 be the square of the distance
0 = (20-ut)?+ (4 +2¢)?
0 = 40O - 1GOEt +16k2 + 16 + 16t + ut?

0 = 20€* - \qut + wie
Mincmese 0: dipperentiate and sek to 2ero
Ft

40 = yot-wu=o
dt
t = 3¢
a.20
dt

=40 > O, s0 o Minimum

0 = 20(3.¢)* - 4=(3.¢) + g
0 = 2592 - 5\8.4 + 4\¢ = I1S6.8
distance = { 15¢.8 =1\12.521...

3:%6 pm, 12.5 km
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m [In this question i and j are horizontal unit vectors due east and due north respectively, and
position vectors are given relative to a fixed origin 0.]

At time t seconds, where t > 0, a particle P has velocity vm 5_1, where
1
v =6t71 + (2t - 5)j
a. Find the magnitude of the acceleration of Pwhen t = 4
b. P is at the point A when t = 1 and at the point B when t = 4. Find the exact distance AB.

c. When t = 1, the position vector of P is (-2i + 3j) m. Find the position vector of P at time t.

d. Show that P is never due east of 0.

o.) Oa.ocl,o.re.nt:.o.te. v

&= gx SkVii 42
2

o = 3’(:"/2'\4‘1:)
t = wzo.=1:.+zd
2
Ia.l = ..r-(l.ZS'\"-}):-I_G.ZS'
29 ms 2

b) Displacement = [vdt cromt=1tot =u

Jvat = cx%tmu(tz-st)d

= 4b¥2 4 (£ - 5t);
Lemets: [ ] prom 1 tou
o w(R) - u(i)
y(é-20)-0(-5) =0
A® = 28.+0j

2%

AG =28 m

e)r=ub¥r 4 (b -5t))4e

t=\:r=-zf.+35

Bi-d)te = =20+ 3)
e = =6 t7)
r=(4er2 =€)+ (2 -5t + 7))

4) Ouve east of O needs the ) component ko be 2ero
t2-st+7 =0

discriminant = 25 -2%9 = -3
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-3 £ 0, so there are no real roots

the j component s never O, 5o P s never due east of O
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