Solutions 6(e)

|Complete solutions to Exercise 6(e)

1. (@)
2
x=t° 102 + 40t —30, X — 3t _20t+40, 4 X — 6t - 20
dt dt
(b)
s ) dx ) d*x
X =T7t"-50t" +50t, — =21t -100t +50, —- =42t -100
dt dt
(c)
2
x=>5cos(2t), — = -—10sin(2t), —;( = —20cos(2t)
by (613) by @12
(d)
x =3cos(10 7))+ 5sin(10 72)

o _

p” (—3><107r)sin (1072't) + (5 ><107r) cos (107zt) =-307sin (107rt) +507 cos (107zt)

by (6.13) by (6.12)

2
%#?=(—3x10ﬂx10ﬁ)COS@DﬂT)+[5x10ﬂx(—10ﬂ)]ﬁn(10ﬂﬂ

=-3007° cos(107t)—5007° sin (10zt)  [Simplifying]
=-1007°[ 3cos (107t )+5sin(107t)]  (Factorizing)

2. (i) We have
x = 2t —15t* — 36t
v=x=6t"-30t—36 [Differentiating]
a=%X=12t-30 [ Differentiating
(ii) The particle comes to restat v =0.
6t° —30t—-36=0
t* -5t—6=0 (Dividing through by 6)
(t-6)(t+1)=0
t=6, t=-1
Hence the particle comes to rest after 6 seconds.
3. We have

h=10t—4.9t>, h=10-9.8t, h=-9.8
Hence a = —9.8m /s> . This means that the acceleration is constant for all ¢.
4.
h=4.9t>, h=9.8t, h=9.8
Substituting z = L5,
v=h=9.8x1.5=14.7m/s and a=h=9.8m/s?

(6.12) [sin(kt)] =kcos(kt)

!

(6.13) [cos(kt)] =—ksin(kt)

1
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5. (a) We have
x =3t—sin(3t), x=3-3cos(3t), X=0-(-3x3)sin(3t)=9sin(3t)

(b)
1— e—t/5 1 e—t/5 1 e—t/5 e—t/5 1 e—t/5 e—t/5
X= —_— , X:O—(——] = , X=—— = —
5 5 5 5) 5 25 525 125
(c) x =te ". To differentiate x we need to use the product rule (6.31).
u=t v=e"'
u' =1 v =—e"

x=(1)e" +t(-e")=e"'~te" = (1-t)e"
To find the acceleration, a, differentiate X again:
X=-e"— [e" —te"] =-2e"+te" =(t-2)e"
This is just X
(d)
=In(1+3%)
1 6t

X = > .6t = >
by 6.18) 1+ 3t 1+ 3t

How do we find X?
Need to use the quotient rule (6.32).

u =6t v=1+3t?
u'=6 V' =6t
_6(L+3t°)-6t6t _618t>-36t> _ 6-18t°
(1+3t2) (1e3t2)  (1+3t?)

(e) x=0. 51n|£:osh(\/_t):|

XbYEIS)O. COSh(\/_t) [COSh(\/_t)}

smh(f)
i 15 L )
AN ‘/gseChZN%t).@=\/1O_Osech2(@t):losech2(@t)
by (6.27)
(6.18) [m@”j:%%%
(6.26) [cosh(u)]' = sinh(u)c(jj_l:
(6.27) [tanh(u)]' =sech? (u)(zlj_ltJ
(6.31) (UV)’ =u'v+uv (6.32) (ﬁ) :M’v—zuv’
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6. EXAMPLE 24 with =3, A=1and B=-1.
7. Very similar to EXAMPLE 26. f"(x)= —sin(x), f"(0)=—sin(0)=0
8. From PV" = C we have:

p=C _cy
Vv
OI—P:—nCV’”’1
\Y
d’P
=-n(-n-1)Cv "?
dv2 ( )
=n(n+1)Cv ™ [Taking out (-)(-)=+]
n(n+1)C n(n+1)PV" n(n+1)P
=# = n( )2 = ( > ) (Cancelling V"'s)
V " subst?;uting V nV V
C=pPV"
9. To find X we need to use the product rule, (6.31),0on x =(1+1)e
u=1+t v=e
u' =1 —we ™
X=(1)e " +(1+1t)(-we )=1 w—aot)e ™
To find X we need to apply (6.31) again:
u=1-w- ot y=e
u=-w v =—we
X=(-w)e" +(1-o-ot ( “’t) ( a)—a)Jra)zJra)zt)e"“’t

K= (a)zt +o’ - ZaJ)e*“’t

Substituting for X, X and x into X+ 2@X+ ’X gives:
(a)zt + o’ - 260)6"”t + 2a)(1—a)— a)t)e’”’t + 0’ (1+t)e’”’t

[N S —
=X =X =X

= (a)zt +@* -20+20-20* - 20°t + 0* + a)zt)e"“’t =0
10. We have u = Asin(ﬂ) + Bcos(ﬂ) .

%—(;)Acos( ) (Z)Bsin(%)

by (6.12) by (6.13)

£ 2 i 2) () e ) - 2) .

by (6.13) by (6.12) —u
d*u >

(6.12) [sin(kx)]’ =k cos (kx)

(6.13) [cos(kx)]’ =—ksin(kx)
(6.31) (uv)! =u'v+u



