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1 Introduction

The frequency ν of a characteristic X-ray of an element is
related to its atomic number Z by

√
ν = a(Z− b),

where a and b are constants called proportionality and screening (or
shielding) constants. For K series, the value of a is

√
3Rc/4 and that

of b is 1. Here R is Rydberg’s constant and c is speed of light (as in
Bohr’s model). For L series, the value of a is

√
5Rc/36 and b is 7.4.

The relation and values of a and b are experimentally determined by
Henry Moseley.
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Figure 1: Relation between the fre-
quency of characteristic x-ray and the
atomic number Z. The line intersect the
Z axis at Z = b (b is 1 for K series and it
is 7.4 for L series).

2 Solved Problems on Moseley’s Law

Problem from IIT JEE 2003

Characteristic X-rays of frequency 4.2× 1018 Hz are produced when
transitions from L-shell to K-shell take place in a certain target mate-
rial. Use Moseley’s law to determine the atomic number of the target
material. (Rydberg’s constant = 1.1× 107 m−1.)
Solution: The characteristic X-ray is emitted when an electron in L
shell makes a transition to the vacant state in K shell. In Moseley’s
equation,

√
ν = a(Z− b),

the parameter b ≈ 1 for this transition because electron from L shell
finds nuclear charge Ze shielded by remaining one electron in K shell
i.e., effective nuclear charge is (Z− 1)e. Thus, by substituting values,

1
λ
=

ν

c
=

4.2× 1018

3× 108 = R(Z− 1)2

[
1
n2

1
− 1

n2
2

]

= 1.1× 107(Z− 1)2
[

1
12 −

1
22

]
,

which gives, Z = 42. Moseley’s law played key role in arrangement
of elements in the periodic table and to find many new (missing) ele-
ments.
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Problem from IIT JEE 2014

If λCu is the wavelength of Kα X-ray line of copper (atomic number
29) and λMo is the wavelength of the Kα X-ray line of molybdenum
(atomic number 42), the the ratio λCu/λMo is close to

(A) 1.99

(B) 2.14

(C) 0.50

(D) 0.48

Solution:The wavelength of Kα X-ray line is related to atomic number
Z by Moseley’s Formula

1
λ
= R(Z− 1)2

[
1
12 −

1
22

]
=

3
4

R(Z− 1)2.

Substitute the value of Z to get

λCu

λMo
=

(ZMo − 1)2

(ZCu − 1)2 =
(41)2

(28)2 = 2.14.

The elements with higher atomic number (molybdenum in this exam-
ple) gives high energy X-rays (short wavelengths). Click to see our book: 100

Solved Problems on Units,
Dimensions and Measure-
ments

Click to see our book: 100

Solved Problems on Rectilin-
ear Motion

Problem from IIT JEE 2008

Which of the following statements is wrong in the context of X-rays
generated from a X-ray tube?

(A) Wavelength of characteristic X-rays decreases when the atomic
number of the target increases.

(B) Cut-off wavelength of the continuous X-rays depends on the atomic
number of the target.

(C) Intensity of the characteristic X-rays depends on the electrical power
given to the X-ray tube.

(D) Cut-off wavelength of the continuous X-rays depends on the en-
ergy of the electrons in the X-ray tube.

Solution: The frequency ν of characteristic X-rays is related to atomic
number Z by Moseley’s law,

√
ν = a(Z− b),

which gives

λ =
c
ν
=

c
a2(Z− b)2 .
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Thus, the wavelength of emitted X-rays decreases with increase in Z.
The cut-off wavelength of continuous X-rays corresponds to maximum
energy of electron in X-ray tube. It is given by

hc/λ = eV,

where V is the accelerating potential. The intensity of X-rays depends
on the number of electrons striking the target per second, which, in
turn, depends on the electrical power given to the X-ray tube as energy
of each electron is eV.

3 Questions on Moseley’s Law

Click to see our book: 100

Solved Problems on Motion
in a Plane

Click to see our book: 300

Solved Problems on Rota-
tional Mechanics

Click to see our book: IIT JEE
Papers

Question 1

If 178.5 pm is the wavelength of X-ray line of copper (atomic number
29) and 71 pm is the wavelength of the X-ray line of molybdenum
(atomic number 42) then the value of a and b in Moseley’s equation
are

(A) a = 7× 107 Hz1/2, b = 1.0

(B) a = 5× 107 Hz1/2, b = 7.4

(C) a = 5× 107 Hz1/2, b = 1.4

(D) a = 7× 107 Hz1/2, b = 7.4

Answer: Substitute values of wavelength and atomic number in Mose-
ley formula and solve.

Question 2

Moseley’s Law for characteristic X-rays is
√

ν = a(Z− b). In this for-
mula

(A) both a and b are independent on the material.

(B) a is independent but b depends on the material.

(C) b is independent but a depends on the material.

(D) both a and b depend on the material.

Answer: The constants a and b are independent of the material. They
depends on X-ray series.
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