Statistics and Mechanics Year 1/AS

SolutionBank

Variable acceleration 11D

1 a

s = J'vdt
= [ 3¢ -1t
= £ —t+ ¢, where c is a constant of integration.
Whent=0,x=0:
0=0-0+c=>c=0
s=0£—t
s = J'vdt

2
= j[zﬁ —ijdt
2

4 3
ot . . .
= 575 + ¢, where c is a constant of integration.

Whent=0,x=0:
0=0-0+c=c=0

S: —— —
2 2
c s= Ivdt
= j(2\/2 +41%)dt
43 478 : : :
= Etz +—+c, where c is a constant of integration.
Whent=0,x=0:
0=0+0+c=>c=0
42 478
§= =12 +—
3 3
2 a VZIadt
= j(Sz-zzz)dt
, 2F . . .
= 4t Y + ¢, where c is a constant of integration.
Whent=0,v=0:
0=0-0+c=>c=0
3
V= 4t2—2L
3
b v= jadt
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£ : : :
2 b v=o6+ §+ ¢, where c is a constant of integration.

Whent=0,v=0:
0=0+0+c=>c=0
3
v=6t+t—
9
3 x=Ivdt

= I(8+2t—3t2)dt

=8¢+ 2 — £ + ¢, where c is a constant of integration.
When t=0, x =4:
4=0+0-0+c=>c=4
x=8+£-r+4

Whent=1,
x=8+1-1+4=12

The distance of P from O when =1 1s 12 m.

4 a v=_[adt
= j(16—2t)dt
= 16t — 1 + ¢, where c is a constant of integration.
Whent=0,v==06:
6=0-0+c=>c=6
v=16t—£+6
b x= '[vdt

= j(16t—t2 +6)dt
3
= 8¢ —% + 6t + k , where k is a constant of integration.

When t=3,x=75:
3

75 = 8><32—3?+6><3+k
=k=75-72+9—-18=-6

3
x=82-Li6-6

3

4 b Whent=0,

x=0-0+0—-6=-6

5 v=6£-51t+90
P is at rest when v = 0.
62 —51t+90=0

2 —17t+30=0
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Q2t—5)(t—6)=0

P is at rest when ¢ = 2.5 and when ¢ = 6.
6
5= j(étz —51¢+90)d¢

2.5
51¢* °
= [zﬁ - +90t}
2 2.5

2 2
=[2x63—51>2<6 +9Ox6}—(2x2.53—¥+90x2.5)

= (432 — 918 + 540) — (31.25 — 159.375 + 225)
~42.875...
=429 (3 s.f)

The negative sign indicates that the displacement is negative, but this can be ignored as distance is
required.

The distance between the two points where P is at rest is 42.9 m (3 s.f.).

6 s = Ivdt
= [a2+-61)dt

£’ : : :
=12t+ 5 2t + ¢, where c is a constant of integration.

When =0, s=0:

0=0+0-0+c=>c=0
2
s=120+5 28

v =0 when
124+¢t—6£=0
B-2H4+3H=0
t>0,s0t=1.5
1.5% ;
Whent=15,s=12x1.5+ 5 -2x1.5
=12.375...
=12.4 (3s.f)

The distance of P from O when v=101is 12.4 m.
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7 a v=4t—1¢
P is at rest when v = 0.
4—1£=0
(4—1=0
t>0,s0t=4

X = J-vdt
= [(4r-)dt

3
t . . .
=2 3 + ¢, where ¢ is a constant of integration.

Whent=0,x=0
0=0+0+c=c=0

x= 2t —ﬁ
3

3
When t=4, x = 2x42—4?

3
b Whent=5,x= 2><52—%

=38

W=

In the interval 0 < ¢ < 5, P moves to a point 103 m from O and then returns to a point 81 m from
0.

The total distance moved is 103 + (103 — 83)=13m.

8 x= Ivdt
= I(6ﬁ-—26t+15)d1
=2 —13£ + 15t + ¢, where c is a constant of integration.
Whent=0,x=0
0=0-0+0+c=c=0
x=26 132+ 15t

=12 — 13t + 15)
= (2t -3)(t - 5)

When x =0 and ¢ is non-zero, t=1.50rt=15

Pisagainat Owhens=15andz=35.

9 a xZIvdt
=j@ﬁ—UH5mz

= £ — 6£2 + 5t + ¢, where c is a constant of integration.
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9 a Whenr=0,x=0
0=0-0+0+c=c=0
x=£—-6r+5¢

P returns to O when x = 0.
£—62+5t=0

HE—6t+5)=0

(t—1(E—-5)=0

P returns to O when¢t=1 and ¢ = 5.

b v=0 when
3 —12t+5=0
. 124+4/(-12)* —4(3)(5)
6
= 0.473, 3.52

So P does not turn round in the interval 2 < ¢ < 3.

When ¢ =2,
x=22—6x22+5x2
=8-24+10

=—6

When ¢ = 3,
x=33-6x32+5x%x3
=27—-54+15
=-12

The distance travelled by P in the interval 2 < ¢ < 3 is 6 m.

10 v= Iadt
= j(4t—3)dr

= 2¢* — 3t + ¢, where c is a constant of integration.

Whent=0,v=4
4=0-0+c=>c=4
v=2£—-3t+4,

When ¢ =T, v =4 again
4=27"-3T+4
27*-3T=0
2T-3)=0
T#0,s0T=1.5

1a v=[adt
= [(-3)dt

t2
= —-3t+c,
2
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11a Whent=0,v=4
4=0-0+c=>c=4

t2
v=—=3t+4
2

b Pis atrest when v=0.
2

P 344-0
2
£—6t+8=0
(t—2)(t—4)=0
t=2ort=4

Pis atrest when ¢t =2 and ¢ = 4.

4f2
N s=j£——y+4jm
)\ 2

3 2 4
_ t__34+4t}
_6 2 2
3 2 3 2
S e A L SN B [ L
6 2 6 2

ég—24+16j—(f—6+8j
3 3

_10
3

w | oo

|
W

The negative sign indicates that the displacement is negative, but this can be ignored as distance is
required. The distance between the two points where P is at rest is 3 m.

12 v=[adt
= I(6r+2)dt
= 3£ + 2t + ¢, where ¢ is a constant of integration.
s = jvdt
= [ +2t+c)dt

= £ + £+ ct + k, where k is a constant of integration.

Whent=2,s=10
10=23+22+2c+k
2c+k=-2 (1)

When =3, s =38
38=33+32+3c+k

3c+k=2 (2)
(2)—(1):

c=4
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12

Substituting ¢ =4 into (1):
2x4+k=-2
k=-10

So the equations are:
v=3~+2t+4
s=£+£+4t—10

When t=4
s=4+42+4x4-10
=64+16+16—10
=86

When ¢ = 4 s the displacement is 86 m.

When t=4
v=3x4>+2x4+4
=48 +8+4

=60

When ¢ = 4 s the velocity is 60 ms ™.
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Challenge
At t = k, the velocity given by both equations is identical, so:
k 2 k k2
5 e =10+ ——
3 12
6k +24 =120 + 4k — K
7k — 4k —96=0
= ~b+~/b* —4dac
2a
_ 4447 +4x7x96
2x7
_ 4452
14
k>0,s0k=4

For first part of the motion, up to t =4, s = 51

-2 12Ja
5]
s

— 5

For second part of the motion, from t =4 to =10, s = 52

10 t 12
sz=j 104+ ——— |dr
y 312

P 3 10
— o+ L2
6 36

4

2 3 2 43
—[10x10+ 210} [1oxa+ L
6 36 6

36
_ 800368
9 9
=48
Total distance = s1 + 52
=36 a8
3

= 200
3

The total distance travelled by the arm is 2%
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