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8.9.25: Use

RS (-1 Ak
J1/2(96) = ;nl, (1 + fracl2+ n) (5)

We will use the recursion , (z 4+ 1) = z, (z) to compute

(8) = () ()= (o) (3): (-3) =
_ (+;(2(+1);); g;) Jamtlmel L (;)
vt (2p)(2n - 2) - -2 (2)

To compute , (%

you saw in integral calculus:

; (1) = / ety 2y = 2/ e da
2 0 0
0 ) 2 0 ) 0 ) 0 0 ) )
([era] = (oo £ (e
0 0 0 0 0
= / / e eV da dy
0 0

), use substitution (v = 2?) and a trick involving polar coordinates

n=0

/2 e /2 —r?
_ / / e_T2rdrd0:/ ‘ do ==
o o o -2 n
Hence , (3) = /7, and
D) = SOETUCD yes gl 2L
1/2 - (204 1)ly/7 \2 S \2 (2n + 1)ly/7 22nt1

[2 = (=1)" [2
= —Zuxznﬂ =4/ —sinz
T i (2n + 1)! T



Now use equation (31) from the book:

d d [2 . 2
wl/zJ_l/Q(x) = %(xl/le/Q(x)) = %( ;smx) = \/;cosx
2
J_1pa(z) = \/gcosx

8.9.26: Notice that repeated use of equation (33) allows us to compute J,(z) for v =

n+ 1/2. We can use Jy/5(7) and J_q/5(x) to start the recursion. Since these only

contain sin , cosz and 272, and equation (33) only has x in addition to these, any

Jy () will also contain only such terms.
Let v = —1/2:

2(—1/2 1 /2 [2
J—3/2($) = %J—Uz(w)—ﬁ/z(w):—g %cosx— gsmx

We need to do the recursion twice to find Jy/5(2):

) = 2y = (20— L)) =y L
= (L2 _W)_ﬁm
(B Eae 3

7.2.11:
T e—st T o] e—st
F(s) = / e S f(t)dt = / e ' sin tdt = sint —I—/ cos tdt
0 =S o Jo 5
B g i B e~ TS 1 1
= —52 0—/0 e sintdt = 2 +5_2_5_2F(8)
1 e” 1
(1+ 5_2) Fls) = 52 + 52
14 =7
I3 - =
(s) 1+ s2
7.2.20:
2
L(e % cosV/3t — 1272 = % —2(s+2)7°
(s+2)"+3
7.2.31:  a.

> o a—s+1b
ﬁ(e(a-l-ib)t)(s) — / e—ste(a—l—ib)tdt _ / e_SH_(a_Hb)tdt _ e( +ib)t
0 0

ea—s—l—ib
0
1 1

_a—5+ib:5—(a+ib)




Note: the above computation is somewhat unjustified, as you are integrating a
complex-valued function as if it were real-valued. In fact, this turns out to work,
but you don’t officially know this until you have studied complex analysis.

b.

1 B 1 s—a—l—ib_ s —a-+1b B s—a-+1b
s—(a+ib) s—a—ibs—a+ib (s—a)?—(ib)2 (s—a)?+ b
c.
LD (5) = L(e cosbt + ie® sin bt)(s) = L(e cos bt)(s) + iL(e™ sin bt)(s)
s—a-+1b B s—a . 1b
(s—a)2+b  (s—a)2+b> (s—a)?+b?
at _ s—a
L(e" cosbt)(s) = Goaith
b
at o _
L(ePsinbt)(s) = G
7.3.24: a. Use L(1")(s) = SZ}%, and the equation (1):
atn _ n'
L(e1")(s) = (s — a)t!
b. Using L(t"f(1))(s) = (=1)"F(")(s) and L(e**)(s) = 1/(s — a),
a1 1 n!
at n _(_1\n — (13— DYV e — =
L) = (1) Gy = (U D(2) (o) s = (o

7.3.31:

L(g)(s) = /()Ooe_Stg(t)dt:/Oce_StOdt—l—/cooe_Stf(t—c)dt

Sunstitute u =t — ¢. Then t = u + ¢, and dt = du:

/ Tt - o = / " ) flu)du = / T e fu)du = L) (s)
C 0 0
7.3.32:

—2s
_os e
L(g)(s) = e >L(1)(s) = .
7.4.21:
11 1 14 1 1 14
“Ipy=r-1(22 L= _: t | 1* 6t
L =L gty t3=6) =3t T3¢
7.4.28:
st 44 21 5 1 17 1 2 1
F = :1——— _—_ —
(5) (s2+s)(s?+s—6) 35+65—|—1 68—|—3+38—2
2 5 17 2
-1 _ R P S A
LTHF) = (1) 3—|—6e o ¢ —|—3e

where 6(t) is the Dirac delta function. If you don’t know what that is, don’t worry. I
am convinced this was not meant to be the result, and the problem is wrong.



7.4.34: Notice that
d . s—4 1 1
ds s—3 s—4 s-—3

Now use the equation given in the problem:

d, s—4 1 1
—1f(t = -1 —1] — -1 _ — At L3t
@) £ (dsns—3) £ (5—4 5—3) ‘ ‘

(2 e,
L (1115—3) f(t) = ; + ;

7.5.12: First, let v(¢) = w(t — 1). Then »(0) = 3 and »'(0) = 7, and
w'(t-1)—20't-1)4+wit—-1) = 6(t—1)—-2
o"(t) — 20'(t) + v(t

) = 6t—8
L(0"(t) = 20'(1) + v(t)) = L(6t—8)
s2L(v) — sv(0) — v'(0) = 2(sL(v) — v(0)) + L(v) = 822_ %
(2 =25+ 1)L(v)—3s—1 = %-%
L) = ° fzs(jfj)j s
L(v) = %—I—%—Sil-y (5—21)2
o(t) = 4+ 6t— e + 2t

Finally,
wt)=v(t+1)=4+6(t4 1) — T 420t + 1)eT = 10 + 6t + F! 4 21! H!
7.6.6:
g(t) = (t+ Du(t—2)=(3+ (1 - 2))u(t - 2)
Llo)e) = 35—+ ]

e e
_I_

where we used L(f(t —2)u(t —2)) = e 2*F(s) with f(t) =3 + .

7.6.25: Use Theorem 9 with period T = 2a:

s 82
ety
=" e

Notice that f(t) =0 for ¢ < ¢ < 2a and f(t) =1 for 0 < ¢ < a. Hence

2a a e—st
/ e f(t)dt = / e tdt =
0 0 —S$

1 — e 1
£ = s(1 — e—2a3) - s(14 e29)

a 1 — e a8

0 S




7.6.39: First write g(¢) using unit step functions, and compute L(g):
g(t) = tut—D+ (1 —-tut=5)=((t-1)+ Lu(t—1)+ (=4 = (t = 5))u(t —5)

_ -5 i 1 —5s _é_i
w = (5e5) v (55)

y'+5y +6y = g(1)

Ly +5y +6y) = L(g)
5 , e 5 e 5 6—55 6—55
$°L(y) = sy(0) = ' (0) + 5(sL(y) = y(0)) + 6L(y) = —F+— 43 =

—5 —5 —b5s —b5s
9 e et e €
(s“+5s+6)L(y) = = + . 4 = = +2
Solve for L(y):
€5 — Je0s ¢S — 70 2

L(y) = 26120513 5612613 +2)+3)

To find y(t), take the inverse Laplace transform using the shift formula £7!(e™**F(s)) =
ft —a)u(t—a):

11 51 1 1 1 1
t — -1 —5_4—55 _______ -
yiy = £ ((6 ‘ )(652 36 s 9s+3+4s+2))
11 1 1 1 1 2 2
-1 -5 _ _—5s - - - _
L ((e ‘ )(65+35—|—3 25+2>+s+2 s+3)

_ —3(t—1) -2(t-1)
- (Q_i_e 46 ] )u(t—l)

6 36 9

7.9.2: Take the Laplace transform:
sCz)+1 = L(z)-L(y)
sC(y) = 2L(x)+4L(y)



and solve these linear equations:
s—4 -2 1
- — +
$*—bs+6 s—2 s—3

2 2 2
L = — =
(¥) s2—-5s5s+6 s—2 s5-—3

L(z) =

Now take the inverse Laplace transform:

z(t) = ' — 26!
y(t) = 2% -2
7.9.11: Take the Laplace transform:
L)L) = S
AT o=y 3
L(x)+sL(y) = 0

and solve these linear equations:

1—e2 el 1 1
Llz) = s2—1 :(1_62)5(5—1_5+1)

e — 1 5 1/ 1 2 1
= _— = a5 1) — — —
£ly) s(s?2 = 1) (e )2 (5—1 5+5—|—1)
Now take the inverse Laplace transform:
i -t i—2 _ . —(t-2)
o) = S 26 - 26 u(t — 2)
= sinh(¢) — sinh(¢ — 2)u(t — 2)
et —emt— 2 etm2 (12 9
y(t) = 5 - 5 u(t —2)

= sinh(¢) — 1 — (sinh(?z — 2) — L)u(t — 2)



