Solutions 9(d)

|Complete solutions to Exercise 9(d)

1. We first find the velocity by integrating:

v:j—2.5cos(27rt)dt
__25sin(2nt) iC

27

Substituting r =0, v=0gives C=0. To find x we integrate v:

‘o J-_ 2.5sin(2xt) _ 2.5co0s(2xt) D

Ar®

27
Substituting t =0, x =0:

. . 2
0= P + D which gives D:—4

52 [cos(2xt)-1]

7
Hence
- 2.5c0s(27t) 25 2
B Ar? 4r’  Arx
2. Integrating
v, = [tdt _Yic
2
Using r=0, v, =2 gives
2=0+C, C=2
2
v, :t—+2
2

How do we find x?
Integrate again:

x=j(g+2jdt

3

Using t =0, x=3 gives D=3. Hence
3

=L+m+D
6

x:t—+2t+3
6

3. Differentiating the velocity gives the acceleration, a.

dv

a=—=12t+1
dt

To find the acceleration at t =2 we substitute this into a=1.2¢r+1

a=(12x2)+1=3.4m/s

Displacement

5= j:(o.6t2 )t

06t° 27
= + —
3 2]

0.6x2° 2°
= +—=

3 2

3.6m

1
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4. By (9.11) we have

v=[4t’dt

v=t*+C
When 1 =0, v=3 gives C =3.

v=t'+3
Substituting ¢ =15

v=15*+3=8.06m/s (2d.p.)
5. The acceleration, a =2.9. By (9.11) we have
v=[29dt=29t+C

When =0, v=0gives C=0, so

v=2.9t
The height, &, can be obtained by integrating v:

2
h= jz.gtdt _2a

+D

h=1.45t*+ D
At t=0, h=0gives D=0. Hence
h=1.45¢
Substituting t =2 x 60 =120 into A:
h=1.45%120"=20.88x 10 m=20.88 km (2 d.p.)

6. The distance covered is given by the area. Use Simpson's rule (9.4)
Distance z§[0+2(45+64+77)+4(33+ 55+72+80)+82|
=11.783=11.8 km (3 s.f)

7. Integrating a with respect to 7 gives the velocity v
V= J' adt=at+C

Substituting 1 =0, v=u
u=0+C gives C=u
Hence v =u +ar. To find s we integrate v =u + ar
S= J'(u +at )dt
=ut+%at2+D (*)
Putting 1t =0, s=0 into (*) gives D=0, hence s = ut+%at2.

8. The acceleration of the stone is the constant acceleration due to gravity
a=9.81

v = j9.81dt -981t+C

(9.4) J': f (x)dng[y0 +2(Yy + Yy +o)FA(Y Y+ o)+ Y,
9.11) v:_[adt
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At t=0, v=0 which gives C=0
v=9.81r
Integrating again gives the height, h:
h = [9.81tdt = 4.905t* + D

Att=0, h=0 gives D=0

h = 4.905¢" ()
Since the height of the building is 20m we substitute & =20 into (})
4.905t° = 20

/ 20
t=,——=2.02s (2d.p.
4.905 (2dp)

9. Integrating a with respect to 7 gives velocity, v
V= J[—cos(a)t)+sin(a)t)]dt
__sin(at) cos(at) \c

a w

Substituting t =0, v=0
__sin(0) cos(0) iC
w w

:—£+C which gives C )
(4 @

Hence
1 )
=—|1- t)— t
v a)[ sin(at)—cos(at)]

Integrating this gives
1{t+cos(a)t)_sm(a)t)}D ")

) [0 [0

Putting r=0, x=0

0=1[0+ cos(0) —Si”(o)}r D

1) 1) 1)
:£|:0+£—0:|+ D
0] 0]

0 :iz+ D which gives D = —iz
(4 «

o .
Substituting D=-—5 into (})
®

1 [H cos (at) _sin(a)t)} 1

X=— _—
(2 @

w 602
= iz[a)t +cos(wt)—sin (cot)—l]
(4]

Multiplying both sides by @’ gives the required result:
w’X = wt+cos(wt)-sin(wt)-1



