
Solutions to Problems

Problem 7.1

When one half the sample has decayed, N = N0/2 and equation 7.2 gives the
time t1/2 as the solution to N0/2 = N0e

−λt1/2 . Hence eλt1/2 = 2 and t1/2 = ln2/λ.

Problem 7.2

dI = λIdx hence
dI

I
= −λdx.

As for equation 7.1 the solution is I = I0e
−λx and thus when x = d the number of

gamma rays in the beam is I(d) = I0e
λd.

Problem 7.3

Integrating both sides of dN/N2 = −λdt gives

− 1

N
= −λt + C.

At t = 0, N = N0 and the constant C = −1/N0. Hence

N = 1/(λt + 1/N0) = N0
1

(1 + N0λt).

Problem 7.4

The integrating factor for the equation

L
dI

dt
+ RI = V0

is eRt/L. Multiplying both sides by this factor gives(
dI

dt
+

R

L
I

)
eRt/L =

V0

L
eRt/L

or
d

dt
(IeRt/L) =

V0

L
eRt/L.

Integrating both sides

IeRt/L =
V0

R
eRt/L + C

and

I =
V0

R
+ Ce−Rt/L.

But I = 0 for t = 0 and hence the constant C = −V0/R and

I =
V0

R
(1− e−Rt/L).
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Problem 7.5

y = α sin(ωx + β) = α sin ωx cos β + α sin β cos ωx.

Hence
A = α cos β and B = α sin β.

Squaring and adding results in

α =
√

A2 + B2 and tan β = B/A.

Problem 7.6

y = αe−γx sin(ωx + β)

dy/dx = −αγe−γx sin(ωx + β) + αωe−γx cos(ωx + β)

d2/dx2 = αγ2e−γx sin(ωx + β)αωγe−γx cos(ωx + β)

− αγωe−γx cos(ωx + β)− αω2e−γx sin(ωx + β)

Substitution in equation 7.7 gives[
aαγ2e−γx − aαω2e−γx − bαγe−γx + cαe−γx

]
sin(ωx + β)

+
[
−aαωγe−γx − aαωγe−γx + bαωe−γx

]
cos(ωx + β).

For values of x such that (ωx + β) = nπ where n is an integer, the cosine term is
±1 and the sin term is zero. This gives the result

−2aαωγ + ωb = 0 and γ = b/2a.

For values of x such that (ωx+β) = (n+1/2π) where n is an integer, the sine term
is ±1 and the cos term is zero. This gives

aγ2 − aω2 − bγ + c = 0 and ω2 = c/a− b2/4a2.

Problem 7.7

d2y

dx2
+ αy = x2.

Try as solution
y = a + bx + cx2 + dx3 + ex4.

Substitution of it and its derivatives into the equation gives

2c + 6dx + 12cx2 + αa + αbx + αcx2 + αdx3 + αex4 = x2.

Equating the coefficients of the different powers of x on both sides of the above gives
d = e = 0; aα + 2c = 0; 6d + bα = 0, and 12e + cα = 1. From these relationships,
b = 0; c = 1/α and a = −2/α2, and the solution to the differential equation is

y = −2/α2 + x2/α.
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