INTERNATIONAL A LEVEL

Mechanics 1 Solution Bank

Exercise 3D

1 ar=rotvt
when ro=3j,v=2iand r=4
r = 3j + 4(2i)
= 8i + 3j

b r=ro+vt
whenro=2i—j,v=—2jandr=3
r=2i—j+3(-2j)

=2i—7j

C r=rotvt
whenro=i+4j,v=-3i+2jand =6
r=i+4j+6(-3i+2j)

=-17i+ 16j

d r=ro+vt
whenro=-3i+2j,v=2i—3jand =5
r=-3i+2j+5(2i— 3j)

=7i—13j

b—-a
t

whena=2i+3j,b=6i+ 13jand r=2
_ 6i+13j—(2i+3j)
- 2
_ 4i+10j
)
=2i+5j

2 a v=

\%

whena=4i+j,b=9i+ 16jand =15
_9i+16j—(4i+j)
' 5
_ 5i+15j
-5
=i+3j
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whena=3i—5j,b=9i+7jand =3
_9i+7j—(3i—5j)
Yo 3
_6i+12j
3
=2i+4j

whena=-2i+7j,b=4i—8jand =3
_4i—8j—(—2i+7j)

v
3
_ 6i—15j
3
=2i-5j
b—a
e v=

when a=—4i+j,b=-12i— 19j and

t=4
 —12i-19j—(-4i+])
Vo 4
_ —8i-20j
4
=2 —5j

3 a Whenv=10,d=3i-4j

The magnitude of d is /3° + (—4)2 =5

So the unit vector in the direction of d is %(3i —4j)

The velocity of the particle is v=10x %(3i —4j)
— 6i-8j

b Whenv=15d=-4i+3j
The magnitude of d is (—4)2 +3* =5

So the unit vector in the direction of d is %(—4i +3 j)

The velocity of the particle is v=15 x%(—4i +3 j)
=—12i+9j
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3 ¢ Whenv="7.5,d=6i+8j
The magnitude of d is +/(~6)" +8> =10

So the unit vector in the direction of d is %(—ﬁ +8 j)

The velocity of the particle is v=7.5x %(—61 + 8j)
=—4.5i+6j

d Whenv=>5v2,d=i+]j
The magnitude of d is V1> +1% =+/2
1

So the unit vector in the direction of d is —(i +j )

NG

The velocity of the particle is v =52 x%(i +j)

=5i+35j

e Whenv=2+13,d=-2i+ 3]
The magnitude of d is

«/(—2)2 +32 =413

So the unit vector in the direction of d is L(—2i +3 j)

V13

1

V13

The velocity of the particle is v = 213 x

(—2i+3j)

=—4i+06j

f Whenv=168,d=3i-5j
The magnitude of d is

J3H(-s) =34

So the unit vector in the direction of d is

1 . s
ﬁ(h—S])

The velocity of the particle is v =+/68 x

I . ..
Bz )
—3\2i-52j
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Whenv =160, d = —4i — 2j
The magnitude of d is

(a7 + (-2 =20

So the unit vector in the direction of d is

1 . s

0 (—41 - 2])
1 . s

= (—4i—2j)
= 43i - 23]

The velocity of the particle is v = J60 x

Whenv=15,d =i+ 2j
The magnitude of d is

1/(—1)2 12> =45

So the unit vector in the direction of d is
1 . .
ﬁ ( -1+ 2_])

The velocity of the particle is v=15 xi(—i + 2j)

NG
= 351+ 64/5j

r=ro+t vt
whenro=2i,v=i+3jand =4
r=2i+4(+ 3j)

= 6i + 12j

r=ro+ vt
whenro=3i—j,v=—2i+jand =5
r=3i—j+5-2i+j)

=—Ti+4j

r=ro+t vt
whenr=4i+3j,v=2i—jandr=3
4i+3j=ro+32i—j)
ro=4i+3j—3(2i—j)

ro=—2i+ 6j

r=ro+t vt
whenr=-2i+5j,v=—-2i+3jand =6
—2i+ 5j =ro + 6(—2i + 3j)

ro=—2i+ 5j — 6(-2i + 3j)

ro=10i — 13j

r=ro+t vt
whenro=2i+2j,r=8i—7jand =3
8i—7j=2i+2j+3v

3v=6i—9j

v=2i—3j

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



INTERNATIONAL A LEVEL

Mechanics 1 Solution Bank

4 f

r=ro+t vt
when ro = 10i — 5j, r = —2i + 9j
andr=4
—2i+9j=10i—5j +4v
4v=—12i + 14j

v=-3i+3.5j

V] =4/(-3)" +3.5?
N

2
=4.61ms™" (3s.f)

r=rotvt
whenro=4i+j, r=12i—11j
and v = 2i — 3j

12i — 11j=4i+j +#(2i — 3j)
1(2i — 3j) = 8i — 12j
t=4s

r=ro+ vt

when ro =—2i + 3j, r = 6i — 3j
and v=4ms'

6i— 3j =2+ 3j + tv

tv = 8i — 6

tlv| = |8i — 6j

41 = (8 +(-6)

=10
t=2.5s

2

v=u-+at
whenu=>5i,a=3jand r=4
v = 5i +4(3j)

=(5i+ 12j)ms’!

[v|=+/5"+12

=13ms™
v=u-+at
whenu=3i—2j,a=i—jand /=3

v=3i—2j+3(-])
=(6i—5j)ms!

M=o+ (-5
=61

=781 ms™" (3s.f)
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5 ¢c v=u+tat
whenu=-2i+j,a=2i—3jand =2
v ==2i+j+2(2i-3j)
=2i—5j)ms!
M=\ (5]
~29

=539ms” (3s.f)

d v=u+ar
whenu=3i—2j,a=—iandt=6
v =3i—2j + 6(—i)
=(-3i—-2j)ms!
[v[=(-3) +(-2)°
_Ji3

=3.61ms™" (3s.f)

e v=u-+tat
whenu=-3i+4j,a=2i+jand =5
v==-3i+4j+5Q2i+}))

=(7i+9j)ms’!

V[=V7*+9?
=+/130
=114ms™" (3s.f)

6 v=u+ar
whenu=0,v=6i—8jand r=5
6i — 8j=5a
a=1.2i-1.6j
By Newton’s 2" law F = ma
F=4(1.2i - 1.6j)

=(4.8i—6.4j)N

7 By Newton’s 2™ law F = ma
2i—j=2a
a=1i-0.5j
1,
s=uf+—at
2
whenu =i+ 3jand =3
s=3@+3n+%@-osn
= 7.5 +6.75]

ls|=~7.5"+6.75

=10.1m (3 s.f)
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8 r=ro+vt
For P, ro=4iandv=i+j
r=4i+i+j) (1)
For O, ro =—3j
r=-3j+ttv Q)

Since the particles meet at 1 = 8
4i+8(i+j)=-3j+8v
8v=12i+11j

v =1.5i + 1.375j

V| =v1.5* +1.375

=2.03ms"”
9 Taking the observation point as the origin:

a r=-500j + #2i + 3j)
=24 + (3¢ — 500)j

b At2:05 pmt=300s, therefore
r=2(300)i + (3(300)— 500)j
= 600i + 400j

[r| =+/600° +400°

=721 m (3 s.f)

10a For F
r =400j + «(7i + 7j)
=T+ (7t + 400)j
For S
r =500i + #(—3i + 15j)
= (500 — 35i + 15¢j

b If F and S collide then
7t =500 — 3¢ and 15¢=7¢ + 400 will give the same value of .
10¢ =500 and 8¢=400
t=50and =50
So the ferry and the speedboat will collide 50 seconds after noon.
Point of collision is position of F and S at =50
r=7(50)i + (7(50) + 400)j or r = (500 —3(50))i + 15(50)j
So, point of collision = 350i + 750j

11a rqy=i+3jand rg=5i—2j

v4=2i—jand vg=—i+4j

For ship 4

r=i+3j+12i-j)
=2t+ i+ B -1)j

For ship B

r=5i—2j + t(-i + 4j)
=5 -0it (4t-2)j
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11b The position of B relative to 4 is
S-0i+@t-2)j—(2t+ )i+ 3 -19)j)
=((4 - 30)i + (5¢ - 5)j) km as required

¢ If 4 and B collide then the position of B relative to 4 will be 0i + 0j
s0 (4 — 31)i + (5t — 5)j must equal 0i + 0j for some value of ¢
However, there is no value of 7 for which (4 — 3¢) = 0 and (5¢—5) = 0.
Therefore the ships will not collide.

d At 10 am ¢ =2, so the position of B
relative to A4 is
4-3Q2)i+(512)-9))=-2i+5j

|-2i +5j|=4/(-2)" +5°
=29

=5.39 km (3 5.f)

12a wy=-it+j,ag4=2i—4jandr=3
up=i,ap=2jand r=3
For 4
Va=u4t+ aat
=—i+j+3Q2i-4j)
=5i-11j

v, | =5 +(-11)
=146

=12.1ms™" (3s.f)

For B

Vg = up + apt
=i+3(2j)
=i+ 6j

V4| =12 +6
=37

=6.08ms™' (3s.f)

b uy=-i+j,a4=2i—4jandzr=3

1,
SA=llAl‘+EaAt

=304+ﬂ+%<ﬁ—4ﬂ

=6i—15j
A has initial position vector 12i + 12j,
therefore the particles collide at
r=12i+ 12j + 6i — 15j
= 18i - 3j
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12¢ ugp=i,ag=2jandr=3

|
Sy =u3t+5a3t

9
—3i+2(2i
1+2( ])

=3i+9j
The particles collide at r = 18i — 3j.
So B has starting position
rg=18i—3j—(3i +9j)

=15i— 12j

Challenge

Let the two aeroplanes be 4 and B
uyg =20i — 100j, a4 = 6j

ug = 70i + 40j, a4 = —8j

Let the time between plane B flying over the control tower and the two planes passing over
one another be #1. When the planes pass directly over each other:

1
S, =“AT+53AT2
:(2Oi—lOOj)(t+tl)+%(t+tl)2(6j)
=20(1414,)i-100(1+4)j+3(+1)" j
1
Sy :uBT+EaBT2
— (701 +40j)1, +%t,2 (=8j)

= 70t,i+ 40t j— 4t

Since the aeroplanes pass directly over one another, s , =s,.
20(¢+1,) =170z,

501, = 20t

t, = 0.4¢

and

401, — 41 =—100(1+14,) +3(t +1,)’
So

40x 0.4 —4(0.41)* = —100(1.41) +3(1.4¢)’
16t —0.64¢> = —140t +5.88¢°

6.52t* —156t =0

1(6.52t-156) =0

z‘;«tOsot=ﬂ

6.52
t=239s(3s.f)
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