A LEVEL MATHEMATICS ANSWERS AND MARKSCHEMES

PARTICLE KINEMATICS AND VECTOR MOTION

1. a) v = (2t— k) + 3 M1 Al
t=2=> v=(4-kj +17 B1
Paralleltoi+§ = 4-k=2 M1

= k=2 Al
[5]
b) a=2 + 6 M1 Al
Soi component never 0. Al
[3]
c) Collideif (E— 2t +t§ = (2t—3) + (4t-9) M1
i P-2t=2t-3 M1
£ -4t+3=0
t-3)(t-1)=0
t=1,3 Al Al
If t=1: j component: }¥=j  (4t—9)=-5 = no collision M1
If t =3:jcomponent: =27 (46-9)=27 = collide Al

[6]
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2.a) v =l—55(3i+4j) M1
= 9+ 17 Al
[2]
b) ra=vt B1
rg = -9+ (9 + 1)t M1 Al
= (9t—9) + 12§
[3]
C) t=6, ra=rg: M1
& =45 + 73 Al
v=7%i +19 Al
[3]
d) rc =8 +t(2 + 24) M1 Al
= (8 + 2t) + 24§
So distance 5/(9t - 98- 2t)? + (12t - 24t)? M1 AL

= \/(7t ~17)% + (12t

= V49?2 — 238 + 289+ 1442 M1

= 1932 - 238 + 289 Al
D? =193f— 238t + 289

d!Dz ) B -
p = 386t—238=0 for minimum M1 Al
(= 238 Al
386
Dmin=14.7km (3 S.F.) Al ft.
[10]
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3.a) (t—2§(t+1) =(C-4t+4)(t+1) M1 Al
=t—4f+4t—f—4t+4
=tt-3t+4 Al
[3]
b) v =% M1
dt
= 3¢ — 6t Al
a =ﬂ M1
dt
=6t—6 Alfit.
[4]
c) Atrest=>v=0 M1
3¢ -6t=0
3t(t—2)=0
t=0,2 Al Al
t=0=>x=4 }Ml
t=2=x=0 A1l (both)
[3]
d) 4 metres Bl
[1]
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4 1
4. 8) X=—=—1= M1
‘ t2 ot
_dx_ -33 , 1 M1 Al
dt t t
[3]
b) x=0=>t=4 Bl
_ 8 1 1 1
V=—- E 4—2 == —E Bl (1_6)
B1 (- or direction
given)
[3]
c) Changes direction if v changes sign M1
8 1
RS
_ - 8+t M1
t3
v =0whent=28only Al
[3]
d) Must splitintot=7to8andt=81to 10 M1
t=7:x=—i t:8:x:—i Al Al
9 64
so distance covered betweent =7 and t =~78§2(= 0.00128) Bl
t=10,x=— 6 : Al
100
so distance covered betweent=8 and t = ]:%ros (= 0.0025) Bl
. . 37
so total distance is—— (= 0.00378) B1
9800
[7]
e) Particle’s velocity tends to zero Bl
and its displacement tends to zero Bl

[2]
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dx
5. a) Minimum distance occurs Wh@lﬂ(\jlti =0 M1
=>2t-2=0
t=1 Al (or comp sq)
t=1,%=16 Al
[3]
b) Xp = Xo M1
(2t-3f =t -2t + 17
AP — 12t +9 =%-2t + 17
3t -10t-8=0 Al
Bt+2)(t-4)=0 M1 (solving)
=2,t=4
t>0=>t=4 Al (t=4only)
[4]
Cc) v= ax M1
dt
Vp=8t—12 } Al
Vo = 2t—-2
Require ¥ = -vg M1
8t—12=2-2t
10t=14=>t=14 Al
[4]
d*x
6. a) a=—; M1
) dt?
ax_ 6t—11 Al
dt
2
I Al
dt
F=ma=> F=2x6=12N Al
[4]
b) Particle at A= 16 = 3t— 11t —4 M1
0=3f-11t-20
0=(3t+4)(t-5) M1 (solving)
t must be positive> t =5 Al (t=5 only)
Whent=5,v=19 Bl

[4]
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.a)rs =6 +5(6 + 3) B1 (6) M1 (vt)
=30 + 2] Al
[3]
b) Must have 8 = 30 + 2] M1
v=6 +4.7 Al
[2]
c) Speed =/6%+4.2° M1
= 7.32 kmft Al
Distance = 5 7.32 = 36.6 km M1 Al
[4]
. a) Length of 12— 5 = y/12* + 5% =13 M1 Al
26 ..
sov = — (12 - M1
13( 3)
=24 -10 Al
[4]
b) After 1 second, position vector of ball is¥g + 1(24 — 10) =28 — 4 M1 Al

Position of 2 player = 7— 3 + 1(d + k)

=(7+a)+(-2+D) Al
Intercepts ball= these are the same M1
(7+a)+(-2+b)=28-4
Soa=21 b=-2 Al Al
[6]
c) Speed required 212 + 2° M1
=211 Al
= not possible Bl

[3]
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A LEVEL MATHEMATICS ANSWERS AND MARKSCHEMES

PARTICLE KINEMATICS AND VECTOR MOTION

9.a)t=0, r=i+j

soi+] =i+Bj M1
B =1 Al
. dr : :
velocity = o =2+ A M1 Al
t=0,v=-2 B1
A=-2 Al
[6]
b)v=2i-3
Speed =V4t? + 4 M1 Al
Minimum speed =/4=2 B1
[3]
)a= V- M1 Al
dt
F=ma M1
F=4
So magnitude is 4 Al
[4]
dr o
10a) v =E:3t2' + 4 M1 Al
a = v 61 M1 Al
dt
[4]
b) Require 3t: 4in sameratioas 3: 1 M1
2
sot =3 M1
4
t? = 4=t =2 (since t 0) Al
t=2,v=12 + 4
speed =V12°+4%? =12.6 M1 Al
[5]
c)t=2=>a=12 B1
SO0 magnitude = 12 Bl
in positivei direction Bl

[3]
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11.a)v:Iadt L v=£-3t+C M1 Al
Initially v=-4 Bl
v=t£-3t-4 Al fit
[4]
3 2
b) s =[v dt ns =D 3 4k M1 AL fit.
3 2
3 2
Initiallys = 1 .. s= t——?’L—4t+1 Al ft.
3 2
[3]
c)v=0 = £-3t-4=0 M1
t-4)(t+1) =0 . t=4 as &0 Al
3 2
=4 3 4441 = P m M1 Al c.a.0
3 2 3
.. distance is 12 m Al ft.
[5]
12a) v=Jadt . v = =1t + 3j +C M1 Al
v =0 whent=0= C=0
v = (B-ti + 3§ Alft.
[3]
3 .2 2
b)szjvdt Los= BBk M1 Al
3 2 2
s=0whent=0=> K =0
3 2 2
s = LA i+3Lj Al ft.
3 2 2
. whent=2 s:§i+q M1 AL ft.
i 22 2 4
So distance = [Ej +6° = 365:6.04m M1 Al f.t.
[7]
c) Whent=2 a=3+3 B1
. Magnitude of acceleration 532 +3% =342 M1 Al
. Force = mass acceleration Bl
. Magnitude of force = 2x 32 = 642 Al ft.

[5]
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13a) v=0= t°- 6t+5=0
= t=1lort=5

=ﬂ a=2t-6
dt
t=1= a=-4 t=b= a =4

3
b) i) s =Ivdt oS =%— 32 +5t+C

s=0 when t=0 ... C=0
3

s =— — 3t +5¢
3

8

Whent=2, s = — 12+ 10 :%

w!'

ii) Particle reverses direction att = 1, since v = 0 then.

Whentzl,szé.

So distance betweent=0and t = 1%5 2

N

Distance betweent=1andt=2 i% 2 = = 1%

w

Total = 22 + 12 = 4m
3 3

c) For the first three seconds the particle has a positive acceleration,

then the acceleration is negative.

After one second it changes direction, then it does so again after 5 seconds and

then continues in that direction

M1
Al

M1 Al

M1 Al ft.
[6]

M1 Al

Alft.

Al
[4]

M1
Bl

M1 (separating)
M1 Al

B1
[6]

Bl

B1

Speed reduces to zero during first second, remains negative until t =5, then becomes

positive and remains so, tending to infinity as t tends to infinity. .

B1
[3]
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14.a) a—% (6t—1) +j M1 Al
F=ma. Whent=2>F=22+72 M1 Al ft.
Magnitude ofF = V222 + 22 = /488 = 2/122 M1 Al

[6]
3 t? t2

b)r=fvdt =|t°——]|i +—j +C M1 Al
2 2
=0r=3 =3 =C Alft
{t ——+3] + %tzj Al
[4]
dv 2

15.a)a=2-t = E_Z 2t v=2t=t+C M1 Al
v=6 t=0 = v=2t-%t+6 Alft
X _o_t+6 M1
dt

3
x:t2—§+6t+K Al ft
3
x=0 t=0 = K=0 .'.x=l2—§+6t Al ft,
[6]
3
b) When x=0 2t—3+6t—0 M1
t*—3¢t-18t=0
tt-6)t+3)=0 Al ca.o.
. t=6 when it returns Al ca.o
t=6 > v=12-36+6=-18 M1 Al f.t.
. speed is 18 s Bl
[6]
c) Particle will not return to A. Bl
It will continue to move in direction opposite to original one, Bl
with increasing speed. Bl

[3]
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162) i)
.B
— o
60>
A
rs = 20 sin60+ 20cos6P
s = 10V3i + 1
i)
50v2
459
V. =-50125in45 + 5012 cos4§
i) rp = -50f + 5

b) r,=10V3i + 1G + t(-60 + 15)

¢) Require two position vectors equal
.50t + 50§ = 104/3i + 14 + t(-60 + 15)
i component : -50t = MB — 60t

= t=3
j component : 50t =10 + 15t
t=2

Since t-values different, do not meet

M1 Al
Al
[3]

M1

Al
[2]

B1fit.
[1]

B1 (rs) B1 (Iv)
(2]

M1

M1 (cmpts) Al

M1 (finding t) Al
Al

Al

Bl
[8]
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17a)r = (%+1ji+(%—2tjj M1
\Y; =d—r:—ii+(—i—2jj M1 Al Al
dt t2 t?
dv 6. 8.
a=>-2i4° M1 Al
de 3 t3J
[6]
b) F =ma M1
6. 8.
F =05(t—3|+t—3]j
_ 3. 4.
_t_3I+t_3J Al
1 .. )
=t—3(3|+41) B1

= parallel to 3+ 4

/9 16 5
|F|::t_6+t_6:t_3 M1 Al

[5]

c) acceleration tends to zero Bl
velocity tends to 42 B1
i component of displacement tends to 1 Bl
j component of displacement becomes large and negative B1 B1

[5]
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18a) g=0

A LEVEL MATHEMATICS ANSWERS AND MARKSCHEMES
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b)

c)

2t—£=0

t2-t)=0

t=0,2

= on positive x-axis for 2 seconds

pP=49

At —t?=2t— ¢

44t = 2t

16t = 4t

4t(t-4)=0

t=0,4

But cannot be 0, since t > 0 for p

sot=4

Position : substitute back into p or g
2x4-4£=-8

M1

Al Al

B1
[4]

M1
Al Al

M1

Al

Al
[6]

M1

Al
M1

Al
M1

Al
[6]
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19.a) Collide ifrp=rqg M1
B+2t)+(3-5t)=(5-1t) +(2-6t)
i component:3+2t=5-t @ M1 (coefficients)
j component : 3 — 5t =2 — 6t @ Al
®=t=4% Al f.t.
@ =>t=-1 Al ft.

= do not collide

[5]

b) D*=[(3 + 2t) — (5 — t)] + [(3 — 5t) — (2 — 6tJ] M1 Al
= (-2 + 3tf + (1 + tf Al
=Of —12t+4 + 1+ 2t +t M1
=10f-10t+5 Al

(5]
2

c) dD” _ 50t 10 B1
dt
2

db = 0 for minimum M1
dt
=>t=3 Al
p?=10_10 5 10 M1 (substituting)
4 2 4
D = @ Al
2

[5]
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20.a)

b)

d)

A LEVEL MATHEMATICS ANSWERS AND MARKSCHEMES

PARTICLE KINEMATICS AND VECTOR MOTION

j component must be zero
20t-5t=0

5t(4-1) =0

t=4

t=4,r =60 = 60

Require vertical component of velocity is zero
v =15+ (20 - 101)

20-10t=0

t=2

t=2,r =30+ 20
= 20 is greatest height

45 + 1@ = 15ti + (20t — 59);

i component : 45 = 15t @
j component : 10 = 20t -5t )
® =>t=3

Substitute t = 3 i1® : 20t — 5t = 15= 10
=> no solution

requirev parallel toi + |
15 + (20 — 10t) parallel toi +j
so 20-10t=15

t=1

M1
M1
Al

B1
[4]

M1
M1 Al

Al

M1

Al
[6]

M1
M1 Al

Bl
M1 Al

[6]

M1 (or equivalent)

M1
Al
[3]
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21.a) Magnitude of B—4 = /3 +4°=5 B1
= F =3(3 - 4) M1
F=1m=
=a=2(3 -4) Al
[3]
b) v =Jadt=6i-8j +c M1 Al
Whent=0yv=0=c=0
v =6t -8
r =Jjvdt=3%i—4fj +d M1 Al

t=0,r=6+3§g =>d=6 + 3§

sor = (3¢ + B) + (36 — 4%); Al Al
[6]
c)r=0= 3¢+6=0 M1 Al
and 36 —4t=0
3+ 6 = 0= t*= -2 impossible B1
[3]
22a) v =Jadt=6t+3t+c M1 Al
t=0,v=0=c=0 B1
sov=6t+3
x =jvdt=3t+f+k M1 Al

t=0,x=0=k=0

x=3t+¢t Al
[6]
b) v=6(2) +3(2) = 24 B1
x=3(2)+2=20 B1
[2]
c) Now moving under constant acceleration of —& ms M1
=>V=u-+at M1
v =24+ 3(-4)=12 Al

[3]
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