UNIT 26 ATOMIC PHYSICS

1. Calculate the energy of an electron in the n = 2 orbit of a hydrogen atom according to
the Bohr model.

SOLUTION:
The energy of an electron in the nth orbit
of a hydrogen atom is given as

—13.6 eV

n

nZ

Now n=2
—13.6 eV

(@
—-13.6 eV
—
—3.4 eV

2. Calculate the speed of the electron if it orbits in(a) the smallest allowed orbit and (b)
the second smallest orbit. (c)If the electron moves to larger orbits, does its speed
increase, decrease, or stay the same?

Data: (b) Speed of the electron in the second
(a) smallest orbit n=2
_ nh
n=1 v, =
Vq =? mr,
SOLUTION: (n)h
The speed of the electron in the smallest | Vn = m

allowed orbit, n=1
nh (2)(1.05 x 10734)
v, =

T mr, Y279.1 x 1031) (4 x 0.53 x 10-19)

~ (mh _ 1.05x 1073
Un S 2 x 1) V2 = 51,9292 x 1041
(1)(1.05 x 1073%) v, =1.09 x 10°m/s

U = - -
(9.1 x10731) (1 X 0.53 x 10717) (c) As the principal quantum number n
1.05 x 1034 increases, the electron'_s _ speed
= 1 decreases because the speed is inversely
4.823 x 10 proportional to n. Therefore, as the
vy =2.177 X 106 m/s eI_ectron moves to larger orbits with
higher values of n, its speed decreases.
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UNIT 26 ATOMIC PHYSICS

3. What are the (a) energy, (b) magnitude of the momentum, and (c) wavelength of the
photon emitted when a hydrogen atom undergoes a transition from a state with n =3
to a state withn =17

(b) wavelength of the photon emitted when
n; =3 a hydrogen atom undergoes a transition from

a state withn =3 to a state withn=1
n1 = 1

(a) AE =?
(b)y P=?
(c) A=?

SOLUTION:
For the transition from n=3 to n = 1, the
energy of the emitted photon is:

AE E3 - E1

~136eV  [—13.6eV
ni

1 1
1.097 x 107 (@ - (3)2 )

9 - 8
1.097><107< 9 )

1.097 x 107 x 8
9
9

1.097 x 107 x 8

1.025 x 107" m

AE
n3

—13.6eV 13.6eV
(3)2 * (1)2
—13.6eV N 13.6 eV

K 1 (c) Magnitude of the momentum of the
—(1)13.6eV + (9)13.6 eV photon
9 =

AE =

S N e T B -1 I T S S B SNy

AE

AE

6.63 x 10734
1.025 x 1077

6.47 X 1072 kg m/s

8 x13.6 eV
B 9

12.088 eV

4. What is the energy of the photon emitted by a hydrogen atom when the hydrogen
atom changes directly from the n=5 state to the 2 state?

—13.6eV  136el
< = +
ns =5 (5)? (2)?
n; =2 —136eV 13.6elV
AE =? T T

SOLUTION:

For the transition from n=3 to n = 1, the —13.6 eV(4) + 13.6 eV (25)
energy of the emitted photon is: 100

AE = Es — E; 21 x 13.6 eV

—13.6 eV <—13.6 eV) 100

2.856 el

AE =
nj

2
Ns
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5. How much work must be done to pull apart the electron and the proton that make up the
hydrogen atom if the atom is initially in (a) its ground state and (b) the state with n =3?

SOLUTION: _
Atom in the Ground State ( n=1),For the [ Atom in the Ground State ( n=3),For the

ground state: ground state:
AE AE = E, — Ej

AE

_ —13.6 eV
AE - <— —

nz

ey 136 el A —13.6¢eV .\ 13.6 eV
— .o0e .o0e =
AE = — + > (00)? (3)?
() (1) 13.6 eV
13.6 eV AE = 0 +
AE 0 + 9
1 AE = 1.51 eV
AE = 13.6 eV

The work required to separate the electron

The work required to separate the and proton is the absolute value of this
electron and proton is the absolute value | energy

of this energy AW = |AE| = 151 eV
AW = |AE| = 13.6 eV

6. (a) What is the wavelength of light for the least energetic photon emitted in the Balmer
series of the hydrogen atom spectrum lines?
b) What is the wavelength of the series limit?

SOLUTIONS (b) wavelength of the photon emitted when
wavelength of the photon emitted when a || a hydrogen atom undergoes a transition

hydrogen atom undergoes a transition from a state with n = oo to a state with
from a state with n = 2 to a state with
R 1 1
"\ nj

n=1
. 1 1
"\ " 1 1
1 1 1.097 x 107 (— — )
1.097 x 107 (— ) (2)? (0)2

1z (2)?
1
1.097 x 107 (Z —0 )

I
N

S s BN e

S B B e

3
1097107 (2)
097 x 10 2

4
1= 4 ~1.097 x 107
1.097 x 107 x 3
3.65%x 107" m

6.59 X 107" m
365 %X 107° = 365 nm
659 x 107° = 659 nm
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7. A laser emits light with a wavelength of 632.8 nm and has a power output of 55 mW.
Calculate the energy of one photon emitted by this laser.

Data: SOLUTION:
1=632.8nm = 632.8 Xx10 °m To calculate the energy of one photon

P=55mW= 55 x 103 W emitted by the laser

_ (6.63 x107°*)(3 x 10%)
no 632.8 x 10~°

g _ 1989 1072
" 632.8 x107°

E,=3.143x10"1 J

8. Calculate the wavelength of X-rays if the energy of one photon emitted by the X-ray
machine is 1.9878x101° Joules.

Data: SOLUTION:
E = 1.9878 X 1()—15] To calculate the energy of one photon
1 =2 emitted by the laser

_ (6.63 x10734)(3 x 108)
B 1.9878 x 10-15

~1.989x 1072
~ 1.9878 x 10-15

A=1.006x10"10 m
A2=0.1006x10"° m
A=0.1006 nm




