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[image: image1.jpg]6. Mk + c)
4. 163 + 0




[image: image2.jpg]14. By integration, y*/4 + x%4 = c. From this and the initial condition, 1/4 + 0
Aomer Uy 2





[image: image3.jpg]18. By separation, integration, and exponentiation,

Lens me=-piE -

From this and the initial condition, (0) = ¢ = 2.5. Answer: r = 2.5¢™""
20. Substitute ylz = u, y = xu, ' = u + xu’ and simplify to get
Hu— 1P,

e+ x') = = 1P + xu,

By separation and integration,

du
w@=1

Hence by taking roots
tion, 312 = 1 + Ve

i = 1F=

xds,

AR R

3u = x + x/V/c ~ . From this and the initial condi-
¢ = 5. Answer:

y=x+





[image: image4.jpg]=1=0%0" = v? + 1 can be separated, dx,

FE1
—x+2=2—x+tan(c+0). Uaats

actny=x+6y
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4. [image: image5.jpg]Answer: 1167 + 6245 = 7412 [m].




14. [image: image6.jpg]Answer: y(60) = 100e~%* = 74 [Ib].
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[image: image7.jpg]12. xcoty +x°B=c
16. Yes,y* + ye* = 0




[image: image8.jpg]# gives the new equation
20 dx + 3x%yPdy = diy) = 0,
which is exact and has the general solution 1% = const.
34, F = ¢ gives the new equation
272 cos y dx = sinydy) = 0.
“This equation is exact,

M,

N, = —2¢*siny.

The general solution is €% cos y = c.
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[image: image9.jpg]18. This homogeneous lincar equation has the general solution y = ¢ secx, and ¢ =
from the inital condition.
20. y = ¢=27'(c — 1/x) is the general solution; ¢ = 1 from the initial condition.





[image: image10.jpg]24. Problems 2330 require proofs by substitution, so they are basically very similar. By
‘working these problems the student should become aware of the difference between
‘homogeneous and nonhomogeneons equations. This will also serve as a preparation
for the corresponding theorems for higher order equations, some of which are im-
portant in constructing general solutions of nonhomogencous equations from those of
homogeneous equations:




[image: image11.jpg]34. This differential equation can simply be solved by separating variables,
cotydy = %, Infsiny] = Ik — 1] + 2,
y = arc sin [e(x — 1)) or  x=1+csiny.

As an alterative, we can regard i as a differential quation for the unknown func-
tion x = x(y) and solve it by formula (4) with x and y interchanged.




44.

[image: image12.jpg]Answer:
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[image: image13.jpg]For t =1 and I = 0.99E0/R we have from (5**) with L = 10
E _ By rnoy gm0
0592 = h(liienti), e 001,

© =100, R=101n100 = 46 [ohms].
8. We obtain
RA+lB=0,  —wlA+RB=E
and from this, g
A= —GLEJ(R* + L), B =RENR + o?L?)
By (14), Appendix A3.1,

~ e + RS %
Ve ®+ 5 Veror

as in (6), and tan 5 = —A/B = wL/R.





[image: image14.jpg]14. Differentiation of (7) gives.
o i L
+ L
BRI+

Hence I = c(t = 200)° and 1(0) = 1 gives ¢ = — 1/ * 10, thus
@)= (200 - 98- 10%) if0S =200, Xo)=0ifr>200.

I + 31 =0, & dr
@R~ +3=0, T=—rd
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[image: image15.jpg]10. From the given representation we get

yes 7~ 2)
“This i the differential equation of the given family of curves. From this we have the
ifferential equation of the orthogonal rajectories

@ L
===, |+ &=l +E
ydy = = | + 2= g+
Taking exponentials and solving for x as a function of y, we obtain
S ]

These are bell-shaped curves—note that in Sec. 1.3 the roles of x and y are inter-
changed.
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[image: image17.jpg]



10. [image: image18.jpg]=D =cix +




12. [image: image19.jpg]xt1
=1

2=y =y[Ude=-1+kn





[image: image20.jpg]=20 =2y

) =0, 5(=1) = 0 we get

cosh (1 + &) + cp =

26, 3(6)
2P (1 + AV = dy, sinh~'z
silh G +¢), y = cosh(x + ) + ¢, From the boundary condi

y'(6) = 807

x + ¢ From this,

= cosh (=1 + ) + ¢

Hence ¢, = 0 and then ¢ = —coshl. The answer is (see the figure)

= coshx — cosh 1.

o

o]

e

Section 2.1, Problem 16
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[image: image21.jpg]€2eV®% 4 e VBe





[image: image22.jpg]16. [(k + 1)e¥= + (k — De™*]2k



[image: image23.jpg]18. €%(=2 cos 2mx + 3 sin 2mx)
20. y = cosh Sx by inspection. Systematicaly, we first get

e+ car®™,

y

From the boundary conditions,
3(=2) = 3™ + coe™™® = cosh 10
T 3@) = 710 + pe™® = cosh 10.

By climination or by Cramer's rule, ¢, = c; = }, in agreement with the result by in-
spection.



[image: image24.jpg]24. Linearly dependent because xjx| = x* for nonnegative x




[image: image25.jpg]28. Proportionality on 7 implies proportionality on J. No, proportionality on J does not
imply proportionality on . Probs. 24 and 25 illustrate this.
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[image: image26.jpg]4. ™A cos 2x + B'sin 2x)
8. III, e™*(4 cos wx + B sin wx)
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6. [image: image27.jpg]Answer: k = 4.8.




[image: image28.jpg]8. my" = —m- 0.3%y, where o+ 0.3% is the volume of water displaced when the buoy
is depressed y meters from its equilibrium position, and y = 9800 nt i the weight of
water per cubic meter. Thus y” + %y = 0, where g = m+ 0.3%/m and the pe-
riod is 2wy = 2; hence.

m = - 03%yfws? = 03%y/m = 281,

81-0.80 = 2754 [nt] (about 620 1b).





[image: image29.jpg]14. Equating the derivative of (8) to zero, we get
(—acy = acyt + ee™ = 0

and from this the solution

azen 1 _a
=

a a o

which is positive if L/a > cy/cz. This is the condition.
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[image: image30.jpg]4. 1, &;/x + ¢,. This can also be solved by reduction to first order and separation of vari-
(ahio



[image: image31.jpg]Anx. The chain rule gives:

Y= =y Y=k =

where the dots denote erivatives with respect to 7. By substitution into (1) we
obtain

A‘y”+axy'+by=:=(%fl)+nxl+by
=

=3 =

+(@= 1)y +by




[image: image32.jpg]‘The characteristic equation of the new equation is
N+@-DA+b=0
T of the form (3) s roots are in Case T
M= (@m=m, =g

etc., 50 that we can obtain the solution of the Euler-Cauchy equation from those of
the new equation. Also, in Case III the transformation into real form in Sec. 2.3 car-
ries over into that i this section.
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[image: image33.jpg]
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[image: image34.jpg]10. y = 0.4e¥ + 0.6e™ — cos x. From this form of the answer we recognize the form
of the general solution y, = cy¢¥ + ¢y (which may not always be the case). It is
important for the student to understand that y,, will safsfy the initial conditions only
in very rare cases—practically never—and that farther work is necessary for solving
the initial value problem.
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[image: image35.jpg]16" + cye*" + xe®; an application of the Modification Rule for a simple root

2.





[image: image36.jpg]8. y=(c1 + cx)e™"" + e7*(6 cos x + 8 sin x). In this problem we go slightly beyond
e lnes in Table 2.1, which does not contain products of trigonometric times expo-
nential functions. However, the method is the same in principle and should encour-
age students (o attempt more independent work. On the other hand, we did not
clude other such problems, whose practical value is not very great.




[image: image37.jpg]14. y = e®*(Acos 4x + Bsin4x) + 4cosx + 19sinx



[image: image38.jpg]18. y = cos 3x + xsin 3x. The first term results from the general solution c, cos 3x +
2 sin 3x of the homogencous equation. Initial conditions (0) = 1,5'(0) = 0 (or con-
versely) appear in various theoretical considerations.



[image: image39.jpg]22. 267°3%c0s 3x + ™= + 4. The general solution e~">(4 cos 3x + B sin 3x) of the
‘homogeneous equation contributes the fist term of the solution.
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2. [image: image40.jpg]Answer:
cos 3x + B sin 3x + 3(cos 3x) In |cos 3x] + 3xsin 3x.





6. [image: image41.jpg]Answer:
[ cosx + Bsinx — xcos x + (sin ) In [sin xfle*.





12. [image: image42.jpg]2

o1+ epx® + X%,




14. [image: image43.jpg]et + oy = Tt sinx.
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[image: image44.jpg]2.y = 15cos 3t + sin 3¢



[image: image45.jpg]. y = A cos V3t + Bsin V3z + 4 cos 0.5. We have no sine term in y, because of the
ahasiice of oL In the cauaticn. This Is traical



[image: image46.jpg]14. y = e”"(cost + 2sin1) + 0.2 cos ¢ + 04 sint. For t = 5 the exponential term has
decreased to less than 1% of its original value; this practically marks the end of the
transition.
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[image: image47.jpg]2. a = R2L > 0.If B is real, B = R2L since R* — 4L/C = R? hence A,
—a+ B<0 (and A, = —a — B <0, of couse). If fis imaginary, J() represents
2 damped oscillation.




[image: image48.jpg]4. 10cos¢ + 20sin f because the general solution of the homogeneous equation ap-
proaches zero as £ — .




10.

[image: image49.jpg](% cos 3¢ — & sin 30) ~ Jcos 10t + sin 10




14. [image: image50.jpg]1= 0.55 sin 1001,
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[image: image51.jpg]4. W=1y=12+3cosx




[image: image52.jpg]10. Linearly independent. Point out that sin 2x = 2 sin x cos x is not a linear combina-

HonTof cor e e
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[image: image53.jpg]2 (o + cx + exe




12. [image: image54.jpg]=@+ 4




[image: image55.jpg]PROJECT. (a) Divide the characteristic equation by A — Ay if y, = ¢ is known.
(b) The idea is the same as in Sec. 2.1

(©) Here, as always, the first step is to produce the standard form, as the form under
‘which the equation for z was derived. Division by =° gives




[image: image56.jpg]Withy; =x y;1 = 1,57 and the coefficients py and p, from the standard

‘equation, we obtain

b () o Yo

Simplification gives

u g.b ”
=i ;+;~x)z=x(z -2

Hence,
=0t + e

By intgration we get the answer
o= [zdt = (16 + e~ + e
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2. [image: image57.jpg]Answer:
= et + ok + e + bl — &




[image: image58.jpg]Inx, ys = x(Inx)° W
x2+xlnx

=2, W =x(nx)’ W, = —2xInx, W





