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Exercise 2E

1 a

v=J.adt=.|.(6t2i+(8—4t3)j)dt
=281+ 8t-t")j+C

When =0, v=0i+0j

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

Hence

v=200+8t—-t")j

When =2

v=16i+8x2-2")j=16i

1

The velocity of P when t=2is 16i ms~

r:'[vdt:'[(2t3i+(8t—t4)j)dt

1,4, 2 1.,5).
==t"i+|(4" —=t"|j+D
2! ( 5 )’
Whent=0, r=0i+0j
0i+0j=0i+0j+D=D=0i+0j

Hence

4 5
r=1iv| 42 L
2 5

When ¢t =4

4 5
r:%i+[4x42 —%Jj:128i—140‘8j

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

r=[vdr=[(GBr +2)i+(6t-4)j)dt

= (£ +20)i+ (3 —4¢)j+ 4
Whent=2, v=9j
9j=12i+4j+ A= A=—12i+5]
Hence
r=(£+20-12)i+ (3 - 4r+5)j
When =0
r=-12i+5j
v P=(-12)° +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.
=6t-4=0
_2
=>t= 3
a=V=6ti+6j

Whentz% s, a=4i+6j

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

3 av=[ad=[((2—4)i+6sing) dr
= (£ —4t)i-6cosj+c

T B
WhentZE s,v=0ms ', so

T
vV
4
2
v:(g—n —6n+2n}i
4
v=(2n2—4n)i

Since the velocity only has an i component when ¢ :3?” s, this 1s also the speed.

The speed of P at 377[ s is (2n2 —47:) ms!
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4 a v:jadt:j((St—3)i+(8—t)j)dt
_ iz_ . _lz .
—(2t 3t)1+(8t 2t)]+C
Whent=0, v=2i-5j
2i-5j=0i+0j+C=C=2i-5j

Hence
v=(it2 —3t+2)i+(8t—lt2 —S)j
2 2
The velocity of P after ¢ seconds is ((%t2 —-3t+ 2)i+(8t —%tz —S)j) ms”'

b P is moving parallel to 1 — j when, in the expression giving the velocity of P

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

Sao_ —_[er_12_
(2t 3t+2) (8t L 5)

2 —3t+2=—8t+lt2 +5
2 2

26 +5t-3=0
(2t-1)(¢+3)=0
Hence,

DO |—

92

82 ms!

The speed of P when it is moving parallel to 1— j is
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5a v=[ad=[Qi-2j)dt
=2ti-1’j+ 4
When =0, v=2j
2j=0i+0j+A4= A=2j
Hence
v=2ti+(2-1)j

Let the position vector of P at time ¢ seconds be p m.

p=[vdr=[2ri+(2-1)j

=t2i+(2z—lz3)j+b’

3
When t=0, v =06i
6i=0i+0j+B= B=6i
Hence
p:(t2+6)i+(2t—%t3)j
The position vector of P at time ¢ seconds is ((z‘2 +6)i+(2t—%t3)j) m

b Let the position vector of Q at time ¢ seconds be q m.
q=[vde=[(3 - 4)i-2 jyde

= -4)i-t" j+C

From part a, when ¢ =3
3

( 33)
= (32 46)i+]|2x3-=|j=15i-3j
p=( ) L 3JJ i

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=6j
Hence,
q=(-40)i+(6-1%)j

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

v:jadz:j((4t—3)i—6t2tj)dt
=2t -31)i-2'j+ 4
Whent=0, v=0
0=0i+0j+4=A4=0
v=21=31)i-2r
Whent=%

SRERSIECE

__._l.
=—1 4.]

The velocity of P when ¢ = % is (—i— zj)ms,

r= jvdt = j((zt2 —31)i—2¢ j)dt

(23 3.2): 1,4,
—(3t 2t)l 2t j+B
When ¢ =0, r =4i—6j
4i-6j=0i+0j+B = B=4i—6j

(23 32 . (1 4 .
r—(3t 2t +4)1 (2t +6)]
When t=6
r=(144-54+4)i—(648+6)j=94i-654]
The position vector of P when =6 is (94i—654 ) m
v=[adr = [ (82 ~61)i+(8-3) j)dt

=2t =3)i+ 4’ -3)j+C
Whent=2, v=16i+3j
16i+3j=20i+10j+C=>C=—4i-7]
v=02t" =3 —4)i+ (4 -3t-7)j

The velocity of P after ¢ seconds is ((2t4 —3t* —4)i+4r —3t—7)j) ms-

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

4 —3t—-7=0
(t+1)(4t-7)=0

t20:>t=%s

© Pearson Education Ltd 2019. Copying permitted for purchasing institution only. This material is not copyright free.



INTERNATIONAL A LEVEL

Mechanics 2 Solution Bank @ Pearson

8 a r,=|v,dr=[((4-3)i+4j)ds
(2 =3t)i+4sj+c
Whent=0s, r,= (i+2j) m
i+2j=0i+0j+c
¢ =i+2]
The position of P at time ¢ is given by ((21‘2 ~3t +1)i +(4t+2)j) m.

bi I, :JVth:JSi+kjdt
=Sti+ktj+c
Whent=0s,r= (11i+5j)m
11i+5j=0i+0j+c
c=11li+5j
r,=(5t+11)i+(kt+5)j

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

Equating the coefficients of j when =5 s:
20+2=5k+5

k=234
5

The value of k is 3.4
ii Substituting k= 3.4 and 7 =5 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+22j)m.
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Challenge
v=(3tcosti+5) ms ', ro= (4i+j)m, r=0s
r:_[vdt:_[(3tcosti+5tj)dt

To evaluate _[tcostdt ,let u=t¢and % =Cost
t

Then d_u:1 and v =sin¢
dt

Using integration by parts, JI costdf =tsint —Jsint dt
=¢sinf +cost €))
r=[(3tcosdi+5tj)dt
=(3jtcostdt)i+(5jtdt)j
=3(tsint+cost)i+5—§j+c (using (1))

When 1=0s, r= (4i+j)m
4i+j=30+1)i+0j+c

c=i+j

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

Whent:ﬁ,
2

2
r={ 3 Esin 40 |+1 fi+| 241
202 2x4
2
r=(3—“+1ji+ ELIRF
2 8

3 . (57 ),
The position of P at time ¢ = g sis ((7n+ ljl +(% + IJ JJ m relative to O.
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