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NUMERICAL PROBLEMS

19.1 Find the shortest wavelength photon emitted in the Lyman series of hydrogen?

Amin = ? ( for Lyman series )

Lyman series occurs due to transition in n = 1 from any upper energy level. Shortest
wavelength A, will occur if transition occurs from n = o to p = 1 and can be
determined by,
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19.2 What is the wavelength of the second line of Paschen series?
Solution

A =? (2" line of Paschen series )
Paschen series occurs when electrons from any upper state “n” jump down to p = 3.

Now 2" line will occur for n = 5 transition. So we use equation
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o Ri ( Ty )
For 2" line of Paschan series, n = 5 and p=3
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A=1.282x10°m=1282 nm

19.3 Calculate the longest wavelength of radiation for the Paschen series:?

Paschen series occurs when electrons from any upper state n, jump down to p=3.
Now longest wavelength or in other words, shortest energy will occur for n=4top
= 3 transition. So we use equation
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=Ry ( ha n—z-) Ry is Rydberg’s constant
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Amin = 1.875 x 10 m = 1875 nm

19.4 The series limit wavelength of the Balmer series is emitted as the electron in

the h /drogen atom falls from n = o to the n = 2 state. What is the b\;év_elénth of thi




— Y i LS
olution

Aol

Al
we know that

VAV = 340 (1 6 4 W) = 844 107 §

19.5 A photon Is emitted from hydy

= 3 state to n = 2 state, Caleylate (;

(@ E=? (b)As? (€)1=? fromnsdtops?

(a) Energy emitted by photon due to transition from n » 4 to p = 2 is equsl to the
energy difference between the given two level
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19.6 Find the longest wavelensth of light capable of ionizing a hydrogen atom. How
. e ; §

much energy in needed to ionize a hydrogen atom?
Solution
Anax = 2 ( for lonizing hydrogen atom )

: atom )
t:;;a:t( for lc:nizlrtl: ::: :ﬁ‘;’:}ds o minimum energy and minimum energy to ionize
waveleng
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Now this E i, means maximum wavelength A, given by equation
he

Amax S
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=91.4nm

An'z;n( -

13.6x (1.6 x10-19)

=y me =9.11 x 103Kg g=e=1.6x10"C
For hydrogen atom, radii of the orbits can be determined by the equation
n?h?
Po &

" 4An2kme?
For innermost shell, n=1, putting values of other constants we get
(1)%( 663x10734)2 ;
: ) - ) 55=53x10"m
4(314)%(9x109)(9.11x 10 =31 )(1.6x10-19)
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(a) En = ? ( For innermost orbit of hydrogen i.e, n=1 )
(b) E» = ? ( For 2" orbit of hydrogen i.e, n=2 )
(c) E=?( For transition from n = 2 to p=1)

(a) Energy of quantized hydrogen atom in any orbit is given by
E,

En = "2 Eo = 13.6 eV (ground state energy)
For innermost orbit of hydrogen atom,n=1
13.6
Ei= -(—1}? =-13.6 eV
(b) For 2" orbit of hydrogen atom, n = 2. 5o we write the same equation
2=- (123_)2 =-3.4eV

(c) Energy needed to raise an electron from 1 orbit to 27 orbit is equal to the

difference of energies between both energy levels

Since E= E; - E;
E=-3.4-(-13.6)=10.2ev

(a) E=? (For transition fromn=2top=1in hydrogen atom)
(b)f=? (c)A=?




(a) Energy emi_tted by an electron o
orbit to 1* orbit, is equal to the jfs

ere ;
mathematically E = E, - E, Nce of energies between hoth energy levels.
(2)2-(-[1J2l
E=—2 o o 4-1 3B 3(136)
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E=10.2ev
(b) As E=hf
E
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(c) Frequency and wavelength are related to each other by equation f =

A

¢

(a) speed V = ? ( for 1% Bohr orbit in hydrogen )
(b) T= ? ( time to complete one round trip by electron in hydrogen )
(a) According to 2™ postulate of Bohr’s model of hydrogen atom

nh
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Vo = for 1* Bohr’s orbit,n =1
" 2umr n

(1)h
ViZoamr,y _
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Vi = 219 X 105 m/s

| lar
(b) we know that relation between linear and angu
V=ruw

velocity is
for 1" orbitn=1
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B o M) re-arranging the equation we get
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cceleraté . -
| Electrons in an X-ray .t_!'._he__@!'?--: Jéw" in a target, what will be the minimum
; e .

) V. if these electrons Were slow

ength ofi-ra




Solution
Vo =3000V Arin = ?
When an electron in x-ray tube accelerated by potential difference V, , provides all

its energy hf m in a single collision to the target then
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evozhfmax:'_
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hc¢
Ain =
min EV(,

(663x10734)(3x108)

hmin =

=414 A°

Vo= ?
When an electron in X-ray tube is accelerated b
its energy hf.., in a single collision to the target then;

Amin = 0-1 nm
y potential difference V, provides al|
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