Gasiorowicz 3™ edition Feb 17, 2008
P3-1.

1. You are given the following operators:
(@) O1y(x) =xw(x);  (b) Oaw(x) = x(d/dX) w(x)  (c) Oay(X) = A y*(X);

(d) Oay(x) =e"®; (€) Osy(x) = [dy(x)/dx]+a I (F) Osy(x) = dx’(w(x")x’);
Which of these are linear operators?
Solution:

For a linear operator L, we require L[ay;(X)+by,(X)]= aL[w1(X)]+bL[w2(X)], so let us test the given
operators one by one:

(2) O, [aw, () + by , ()] =X [, (X) + by, (x)]
—a[x*y, ()] + bIx*y, (X)]

=a0,y,(X) +bO,y,(x)
So O, isa linear operator.

(b) O, [ay, (x) + by, (X)] = Xdix[awl(x) + by, (X)]

d d
=alx- v 0]+ blx v, (X))

=a0,y,(x)+bO,y,(x)
S0 O, isa linear operator.
(0) O, law, (x) + by, ()] =% [ay, (x) + by, ()] *
=a* [y, * ()] +b* Ay, * ()]
=a*0,y,(X)+b*O,y,(X)
#a 0.y, (X)+bO,y,(x) if aorbarenotreal
S0 O, is NOT a linear operator.
(d) O, fay; (x) + by, (x)] =e v
— [e\vl(X) ]a % [e\vZ(X) ]b
#ae"1 ™ 4 peve™
#a 0,y (x) +bO,y,(X)
S0 0, is NOT a linear operator.



(€) Oslbv, (9-+ v, (] = by, () +cy, (] +a
- b[diwl(x>]+c[iwz(x>]+a
X dx
“b ([Lwn . aj ‘ c([iwz(xn + aj
dx dx

# b Ogy;(X) + €05y, (X)
S0 O, is NOT a linear operator.

(F) Oglay, (x) + by, (X)] = I X' [ay, () + by, (x')]dx’

= aJ. x'wl(x')dx'+bj X"y, (x")dx'

=a0gy,(X) +bO,y,(x)
So O, isa linear operator.



