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Math 219, Homework 2

Due date: 23.11.2005, Wednesday

This homework concerns two (fictitious) design problems about the solar car “MES-
e” of the METU Robotics Society, which won the Formula-G trophy in September
2005. Just for the purposes of this homework, assume that they want to modify the
car, and they are asking for your help on two issues.

1. The first problem is about the shock absorbing system of the car. We may model
the shock absorber as a single linear spring. This question concerns how to adjust
the damping coefficient in order to meet certain requirements.

(a) It is known that when the pilot, weighing 80kg, gets into the car seat, the shock
absorber is compressed by 5¢m. From this data, compute the spring constant & (in
kg/sec?).

(b) The car (without the pilot) weighs 240kg. Write a differential equation which
governs the vertical motion of the car (this could for instance describe the vertical
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20(a). The concentration is ¢(t) = k + P/r + (¢, — k — P/r)e "/ ltis easy to see
that c(t—»o0) = k + P/r.

(b). c(t) = cye V. The reduction times are Ty, = In(2)V /r and Ty, = In(10)V /r.
(c). The reduction times, in years, are Ts = In(10)(65.2)/12,200 = 430.85

Ty = In(10)(158) /4,900 = 71.4 ; T, = In(10)(175)/460 = 6.05
T, = In(10)(209) /16,000 = 17.63 .

21(c).
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22(a). The differential equation for the motion is mdv/dt = — v/30 — mg. Given the
initial condition v(0) = 20 m/s , the solution is v(t) = — 44.1 + 64.1exp( —t/4.5).

Setting v(t;) = 0, the ball reaches the maximum height at ¢, = 1.683 sec. Integrating
v(t), the position is given by z(t) = 318.45 — 44.1¢ — 288.45 exp( — t/4.5). Hence
the maximum height is x(t,) = 45.78 m.

(b). Setting x(t,) = 0, the ball hits the ground at ¢, = 5.128 sec.
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23(a). The differential equation for the upward motion is mdv/dt = — pv*> — mg,
in which = 1/1325. This equation is separable, with m Uﬁmg dv = —dt. Integrating
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(b). Substituting the results in Part(a) into the general ODE, y" + p(t)y’ + ¢(t)y = 0,
“we find that

Ay [dz]?  dy d*x dy dz
2 22 )2 == +q(t)y =0.
dac?{dt} T ae TP, g ey =0

Collecting the terms,

dz]*d%y d*z dx | dy
[E] proias [W‘I‘P(t)%]%‘l‘fﬂt)y—o-

(¢). Assuming [%]* = kg(t), and ¢(t) > 0, we find that % = | /k ¢(Z), which can
be integrated. Thatis, x = £(t) = [/kq(t) dt.

(d). Let k = 1. It follows that ‘57? +p(t) % = 9 4 p()et) = % +p./q . Hence

d*x dz] [dz]®  q'(t) + 2p(t)q(t)
[W + p(t)E:| / [a} = 2[q(t)]3/2 .

As long as dx/dt # 0, the differential equation can be expressed as

d’y  [q'()+2p()q(t) ]| dy
da? [ 2[q(6)]" ] ERR
*For the case ¢(t) < 0, write g(t) = — [ — ¢q(t)], and set [%]2 = —q(t).

36. p(t) = 3tand q(t) =t*. Wehave z = [tdt =t*/2. Furthermore,

q'(t) + 2p(t)q(t)
2[q(t))"?

The ratio is not constant, and therefore the equation cannot be transformed.

= (14 3t%) /¢*.

37. p(t) =t —1/t and q(t) = t*. We have x = [tdt = t*/2. Furthermore,
q'(t) +2p(t)q(t) _
2[q (1))

The ratio is constant, and therefore the equation can be transformed. From Prob. 35,
the transformed equation is

d*y  dy
SISy =o.
dxz? + dx Tty

Based on the methods in this section, the characteristic equation is 72 + r + 1 = 0, with

roots r = — %i z\/Tg . The general solution is
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The nearest zero of P(x) = cosxisatx = +7/2. Hence ppim = 7/2.

14. The Taylor series expansion of In(1 + x), about x, = 0, is

n(l+ x) i

n=1

n+1

Lety = ay + a,x + ayx® + --- + a,x" + ---. Substituting into the ODE,

n=0OC ( "+1 nz N
+ Z ]Zn-l— Yapi1z" —J:Zanx =0
n=1 n=0

The first product is the series
2ay + ( — 2ay + 6a3)x + (ag — 6az + 12a4)2” + ( — ay + 6az — 12a4 + 20a;3)x> 4 - - - .
The second product is the series
a1z + (2a9 — (JL1/2)x2 + (3ag —as + a1/3)x3 + (4aq4 — 3a3/2 + 2a2/3 — a1/4)x3 +
Combining the series and equating the coefficients to zero, we obtain
2a9 =0
— 2a9 4+ 6as+a; —ag =0

120,4 - 6&3 —|—3CL2 - 3&1/2 =0
20a5 — 12a4 + 9a3 — 3as +6L1/3 =0

Hence the general solution is

6

3 x? 75 5 T
y(@) = a +arw + (a0 =)+ (200 + ar) g7 + a1 55 + ( 1_“0) 20 7

We find that two linearly independent solutions are

Xr
I
m@)=1+e+5 -5
() x3+x4+7x"+
)= — —+ — .
& 6 24 120

The coefficient p(x) = e”In(1 + z) is analytic at x, = 0, but its power series has a
radius of convergence p = 1.
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7
x® = | 1 e GHit
0
7
= |1 |e*(cost—isint)
0
sint cost
=e | cost | +ie | — sint
0 0

Using the real and imaginary parts of x®, the general solution is constructed as

0 sint cost
x=c | 0|’ +ce | cost | +cse | —sint
1 0 0

(b). Let x(0) = («¥, 2y, %) . The solution can be written as

0 xy sint + xY cost
X = 0 +e | 2l cost — 20 sint
g et/10 0

With x(0) = (1,1, 1), the solution of the initial value problem is

0 sint+ cost
X = 0 +e_t/4 cost — sint
et/lo 0

5 R /i\ 1\ 3
S
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We use the starting values from the exact solution :

n=0|n=1 n =2 n=3
t, | 0 0.1 0.2 0.3
xy | 1.0 1.12883 1.32042 1.60021
yn | 0.0 —0.11057 | —0.250847 | — 0.429696

One time step using the predictor-corrector method results in the approximate values:

n=4(pre) | n = 4(cor)
t, |04 0.4
Tn | 1.99445 1.99521
Yn | — 0.662064 | — 0.662442

Download full file from answersun.com

page 497



https://answersun.com/download/
solutions-manual- of—accompany boyce elementary-differential- equat&qiﬁlfl&@%jndary -value-

prOblemb Oy= frames- Uuyu:: 8th=editiont

(d).

S

wmg‘fff""
/"

.-;““‘

ﬁ\\\ﬂu
1,;11\\1&1*- e
1 \\\ “‘t‘-t;‘v. ,‘fﬂ?,h

2 W
’ " \1\%\% 1?"‘ ﬂfff
TSIl

10

‘.. i

y \\"" ir .‘

t 1;- 4“Hﬂ¥-
5 J".Jr

8(a). As given by Eq. (34), the solution is

in which the coefficients are the Fourier sine coefficients of w;(z,0) = g(x). It follows
that
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