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Further kinematics 8E

1 a

v:jadz:j(6tzi+(8—4t3)j)dt
=20 1+(8t—tj+C

When =0, v=0i+0j

0i+0j=0i+0j+C=C=0i+0j

Hence
v=2Ci+8—1t")]j
When ¢t =2

v=16i+@8x2-2%j=16i
The velocity of P when ¢ =2 is 16i ms™

r:jvdt:j(zﬁn(st—t“)j)dt

:%t4i+(4t2—%15)j+D
When =0, r=0i+0j

0i+0j=0i+0j+D=D=0i+0j

Hence
4 5
r="it|4r L |j
2 5
When t =4

4 5
r:%i+(4x42 —%jj:128i—140.8j

The position vector of P when =4 is (128i—140.8 j)m

r=[vde=[(GB +2)i+(6t-4)j)dr

= (' +20)i+(30 —4r) j+ 4
Whent=2, v=9j
9j=12i+4j+ A= A=-12i+5]j
Hence
r=(+2-12)i+(3 —4r+5)j
When =0
r=—12i+5j
rP=(-12)2 +5% =169 =|r|=+/169 = 13

The distance of P from O when ¢ =0 is 13 m.
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2 b When P is moving parallel to i, v has no j component.

=61-4=0
=2
3t—3

a=V=6ti+6]

Whent=%s,a=4i+6j

The acceleration of P at the instant when it is moving parallel to the vector i is (4i+6j)ms™

3 av=[ade=[((2t-4)i+6sins) dr

=(¢* - 4r)i-6costj+c

T _
Whenz==s,v=0ms ', so

2
The velocity of the particle is given by |It2 —4t+2n —% }i —6co0s tj} ms |

When ¢ _3n S,
2

2 2
ve| 2B 2T o T iz
4 2 4

8m’ .
v=|— —6n+2m|i
4

v=(2n’ —4n)i
. . 3 .
Since the velocity only has an i component when ¢ - s, this is also the speed.

The speed of P at 37% s is (21r2 —41r) ms !

v=[adt=[((5t-3)i+@-1)j)dt

_ i 2 . _l 2.
—(2t 3t)1+(St L )]+C
Whent=0, v=2i-5j

2i-5j=0i+0j+C=C=2i-5]

Hence
v=(§z2 —3t+2)i+(8z—lt2 —S)j
2 2

The velocity of P after ¢ seconds is ((%tz -3t + 2)i + (8t —%tz —S)j) ms~'
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4 b P is moving parallel to i— j when, in the expression giving the velocity of P

(coefficient of i component ) =—1x (coefficient of j component)

5.2 _ 12
(2z 3t+2) (8t L 5)

5 —3t+2=—8t+%t2 +5

2
22 +5t-3=0
(26-1)(¢+3)=0
Hence,
1 _
=7 3
1
> ==
Ast>0, ¢t >
c Whent:E
_(5_3,5); 1
V‘(s 2+2)'+(4 8 5)’
_9._2.
~3' 73!
2

The speed of P when it is moving parallel to i— j is % ms™'
5 a v=[ad=[Qi-2jd
=2ti—j+ A
When =0, v=2j
2j=0i+0j+A=> A4=2j
Hence
v=2ti+(2-1))j
Let the position vector of P at time ¢ seconds be p m.
p:jvdt:jzm(z—zz)j
=t2i+(2t—%t3)j+B
When 1 =0, v=06i
6i=0i+0j+B= B=6i

Hence
p=( +6)i+(2t—%t3)j
The position vector of P at time ¢ seconds is ((t2 +6)i+ (2t —%13 ) j) m
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5 b Let the position vector of Q at time ¢ seconds be q m.
q= j vdt = j (3% —4)i -2t j)dt

= -4i-t* j+C

From part a, when =3
3

( 33)
=(3*+6)i+| 2x3——|j=15i-3j
p=( )i L X 3JJ i-3j

As the particles collide when =3, q(3)=p(3)
p(3)=a(3)
15i-3j=(3’-4x3)i-3*j+C
15i-3j=15i-9j+C
C=6]j
Hence,
q=F -4)i+(6-1))j

When t=0, q=6j
The position vector of Q at time t=01is 6j m

v= j adt = j (42 —3)i— 67 j)dt
=2 -3)i-26'+ 4
Whent=0, v=0
0=0i+0j+ 4= A4=0
v =2t -3t)i-2tj
When ¢ =1

=l >4t

The velocity of P when ¢ = % 18 (—i - %j)ms_1

b r= j vdt = j (22 =3)i-2¢ j)dt

(23 32\ 1.,4:
—(3t 2t )1 2t j+B
Whent=0, r=4i-6j
4i—-6j=0i+0j+B= B=4i-6j
(2,3 3.2 e (1,4 .
r—(3t 2t +4)1 (21 +6)]
When =6

r=(144-54+4)i—(648+6)j=94i—654]
The position vector of P when ¢ =6 is (94i - 654j) m
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7 a v=[ade=[((8 -61)i+(8-3)j)dt
— (26 —3%)i+ (4 —31)j+ C
Whent=2, v=16i+3j
16i43j=20i+10j+C = C=—4i—7j
v=02t" -3 —4)i+ @4 -3t-7)j
The velocity of P after ¢ seconds is ((2t4 —3¢° —4)i+ (41> =3t - 7)j) ms™'

b When P is moving parallel to i, the j component of the velocity is zero.

47 —3t-7=0
(t+1)(dt—7)=0
7

tZO:t:Z S

8 a r,=[v,dr=((4-3)i+4j)dt
= (20" -3t)i+4tj+c
Whent=0s, r,= (i+2j) m
i+2j=0i+0j+c
c=i+2j
The position of P at time 7 is given by ((212 =3+ l)i +(4t+ 2)j)m.

b i rgzjvgdtzjsnkjdt
=5ti+ktj+c
Whent=0s,r= (11i+5j)m
11i+5j=0i+0j+c
c=11i+5j
r, =(5t+11)i+(kt +5)j

When the particles collide, their position vectors are identical, so:
r,=r,
(267 =3t +1)i+(4r+2)j= (5t +11)i+ (ke +5)j
Considering the coefficients of i:
2t =3t +1=5t+11
27 -8t—-10=0
t*—4t-5=0
(1=5)(t+1)=0
The negative root can be ignored, so the particles collide whenz=5 s

Equating the coefficients of j when =5 s:

20+2=5k+5
k=227 _34
5

The value of k1s 3.4
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8 b ii Substituting k=3.4 and¢=35 into equation for r,:
r, =(25+11)i+((5x3.4)+5)j
=36i+22j

The position vector of the points where the particles meet is (36i +22 j) m.

Challenge

v=(3tcosti+5) ms ', ro= (4i+j)m,1=0s
r =J‘th:'|.(3tcosti+5tj)dt

dv
To evaluate It costdt, let u=¢t and — =cos¢

Then d—u=1 and v =sint¢
dt

Using integration by parts, I tcostdt =tsint — _[ sin¢dt

=tsint+cost (1
r= j(3t costi+5¢j)ds

:(3jtcostdt)i+(sjtdt)j
:3(tsint+cost)i+%j+c (using (1))

When7=0s,r= (4i+j)m

4i+j=3(0+Di+0j+c
c=i+j

2
Hence, r =(3(tsint+cost)+l)i+(%+1jj

When ¢ =

b

ki
2

2
r=| 3 Bein a0 41 i+ 211
20 2 2x4
2
r=[3—”+1ji+ ELIRF
2 8

2
The position of P at time = g sis {(37“ + lJi + (5% + lj j} m relative to O.
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