Edexcel AS Mathematics Variable acceleration 0

Section 1: Using calculus

Solutions to Exercise level 2

1, (1) s=e&t—t>=t*(e—t)
40 7 s
30 7
20 7

10 7

ds N
V=—=12t—3t" =3t(4 —t)
dt
20 T v
10
t
1 2 3 4N\ 5 6
-10
-20
-30
—40

(il) The particle is at © whew t = 0 and whew ¢t = &,

(iil) The greatest displacement is when the veloclty is zero,
3t(4—-t)=0
t=0ort=4
Frowm the graph, the greatest displacement is when t = 4
s=4%(e—4)=32
The greatest displacement is 32 m,

(iv) The greatest positive speed is when the acceleration s zevo

dv
a=—=12—-6t
At
Whenwa =0,t =2
When t =2, v=3x2(4-2)=12
The greatest negative speed tn the time interval is when ¢ = & (from the
graph),
when t=6, v =3xe{4—6)=—26
So the greatest speed bn the time tnterval (s 36 ms™,
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Edexcel AS Maths Variable acceleration 1 Exercise

solutions
2. () s=t°>—12t

whew £ =0, v = -12, sp the initial veLoc’Ltg is 12 mst,

whew t=0,s =0
When t =4, s=4>—12x4 =16
The difference between its positions is 16 wm.,

(il) when t =0, v=-12
When £ =4, v =3x4" -12=36
The veloelty Ls initially negative, but whew ¢ = 4 the veloclty is positive,
so the particle has changed direction,

(iii) when v =0, 3t* —12 =0
=4
t=12
Since twust be positive, the particle changes direction when ¢ =2
When t =2, s=2°-12x2=-16
So between = 0 and £ = 2, the particle travels from s = 0to s = -16, so
it travels 16 m, Between £ = 2 and t = 4, it travels from s = -16 to
S =16, so it travels 32 wm, So the total distance travelled is 48 m,

3, a=e6—-2u

V=I(6—2t‘)dt=ét—t‘2+a
WwWhenw t =0, v=0 =c¢=0

v=6t—t* =t(e—t)
The vehicle cones to rest again whew £ = &, so it reaches point B whew ¢ = 6,

s=[(et—t?)dt =3t —2¢7 + ke
When t=0,s =0 => k=0
s=3t% —1¢®

when t=6, s=3x6" —ix6
The distance AB Ls 36 .

2

=36

At greatest speed, acceleration is zero >t =3
whent =3, v=3(6-3)= 9
The greatest speed is 9 ms?,
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Edexcel AS Maths Variable acceleration 1 Exercise
solutions

4. O

(it)

(1i1) The particle changes direction whew v =0 = 3t> —4t =0
P ng

a=ot—4
v=[(et—4)dt =zt* —4t +c
Whenw t =0, v=0 =c¢=0

v =3t° — 4t
s=[(st? —4t)de =¢> -2t +k
Whent=0,s =0 => k=0
s=t>-2t°

whenws =0, t°—2t° =0
t*(t—2)=0

t=0or t=2
The particle is at the origin when t = 0 and when t = 2,

=t(zt—4)=0

=>t=0 or t=

The particle does not change divection in the first second,
Whent =1, s=1°-—2x1* =—1
so the distance travelled in the first second is 1 m.,

V=12t —4¢° =43 (3 —t)

wWhew v=0, t=0or t = 3,

s = [(22t® —4t®)dt =4¢ —¢* +¢
whew t=0,s=0 =>¢=0
s=4t>—t*

When the particle is next at rest, t =30 s=4x3>-3" =27

The distance travelled s 27 we,

dv 5
ﬂ:E::zx%t—i:zt =12t(2 —+¢)

BY symmetry the greatest acceleration is whew £ =1
The greatest acceleration Ls 12 ms=,

(i) The greatest speed is whew the acceleration is zevo

12t(2—-t)=0

t=0 or t=2
whew t =0,V =0

When t =2, v=4x2%(z—2)=16
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Edexcel AS Maths Variable acceleration 1 Exercise
solutions
6, a=k(1+3t7)
When t =3, 4 =14 = 14 = k(1 +3x 3%)
= 14 =28k
> k=3
a=%(1+3t")
v=[ta+at e =2t + 567 40
Whew t =3, v=25 > 25 =i x3+%ix3°+¢
—> 25 =15 +¢
= ¢ =10
v=3it+it*+10
Initial veLoc’Ltg =10 msT,

F, S=4L+tE7 +E + 12t
ds 5
V=—=3t"+2t+12
dt

(f there is a changge of direction, thew the velocity is zevo,

3t +2t+12=0

For this quadratic equation, the discriminant “6* —44ac” is

2° —4x3x12 =-140, Slnee the discriminant is negative, the equation has
wo real solutions and so the velocity ts never zero, Therefore the particle never
changes its direction of motion,

g () s=2t>-=z¢t

ds 5
V=—=06t"—3

ot

dv
a=—=12t

dt

t* =1
2
t =% =0.707 (since £ must be positive)
() v=et*—-=
307 Vv
20 1
10 7
t
— 1 2

-10
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Edexcel AS Maths Variable acceleration 1 Exercise

solutions
a =12t
30 7T a

20

10 7

(iv) The object moves towards P until £ = 0,707, At this polnt it comes to rest
tinsta wtaweousLH and thew starts to accelerate towards O, It passes O and
whewn t = 2 it s accelerating towards @

V) when t=2, s=2x2°—3x2=10
The dis?tacemewt whent = 21s 10w,

whew t=0,s =0
, =
Whew it comes to rest, £ =&, 50 5= zx(%) —zxL=-%= -2
whenwt =2, =10
Total distance travelled =242 +10 =12.2 m.,

9. a=24t—12"
() v=[adt=[(24t —1267)0lt =126 —4¢> +2
whew £t =0,v=0=>c=0
vV =12t% —4¢°
s=[vde = [(12t™ —4t*)dt = 4> —t* +d
wWhen t =0,s=0=>d =0

s = 4_{_3 —lf'4

Wwhew it returns to 0, 4¢° —t* =0
t(4-t)=0
t=0o0r4

So ltreturns to o whewn t =4s

Whew t =4, vV =12 X16—4 X664 = —64
so lts veLocz’,tg at this time is -64 mst.

(it) Maximwm displacement is when v =0
12t* —4¢% =0
-+ =0
t*(z-t)=0
so maximuwm displacement is whew ¢ =3
S=4XF—L1L=2F
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Edexcel AS Maths Variable acceleration 1 Exercise

solutions
Maximum displacement = 27 m

(LiL) Maximum \/eLoo’L’cg lswhenw a=0
24t —12t* =0
p—-t*=0
tt-2)=0
so maximum veloeity is when ¢ =22

V=12 X4 —4 X2 =16
tts maxinmim veLoa’Ltg ls 16 mst.
(ks greatest speed is &4 wmst (from part (L), when £ = 4)
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