hoton emitted in the Lyman series of hydrogen?

19.1 Find the shortest wavelength

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,

1 1 1
i R nz-F

= : -(1097)(10’)(—-—*)
min

= Amin = 91.1 nm

A =?(2"line of Paschen series )
Paschen series occurs when electrons from any upper state “n” n” jump down top =3.
Now 2" line will occur for n = 5 transition. So we use equation

_-RHKOZ‘LaCademy Com

For 2" line of Paschan series, n=5 an
-=(1.097 x107) (—

( )2 (5)
i=(1.097)(107

A=1.282x10°m=1282 nm

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 forn=4to p
= 3 transition. So we use equation

1 1

1
2= Ru(— =2 -n—z-) Ru is Rydberg’s constant

(1097x10’)(—1—-—

._a

1
OH

p
-AE

(1097x1o’){‘—6-_")

=
mm

Amin = 1.875 x 10 m = 1875 nm
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fouton

Al‘-? | AI - ’,MJI:V- "J/m”_"’ 1'}”}- ’-/M / “,,t,
we know that
3 A i
/J
he (66510 KL
A T - YTPITEL - 385 nen

19,8 Aphoton Is emitted from hydrogan atom which undereoes a tansition from
< 3 stato to n = 2 state, Calculate (a) anere 1w il

(a) £ = ? (b)As? (c)1=? fromnedtops2
(a) Energy emitted by photon due to transition from n » % to p = 7 is equsl to the
energy difference between the glven two levels,

SlﬂC(! [ d '.h 2 ’.la
K, Ly
Where Ep = - "I; & Eym- ) & F,r136eY
) Fy ffo_ - !-l: = i':r
’_.“[j‘[}"('a}i,'!’rz")t,"‘ 1’, ( 4)
uu ":0 . ,.E, ‘ w0y e
[ = sl " 13'6(36 )= 1,49 €V
(b) Wavelength A corresponding to the transition n = 3t p = 22
A 1x1073%) (32108
he (663x1073%)(3x )-ﬁsanm

A T g (16 210 °17)
fur

f,__"_:‘_‘l’_-za,soxlo" Hz
650 x 107

(¢) Frequency

f ionizing a hydrogen atom, Ho

wavelength of light capable 0

19.6 Find the longest hydrogen atom?

much energy in needed to jonize2

Bolution

Amac = 2 ( for lonizing hydrogen zlt "
n ato

E::; ?t( for l(:nlzi:l:f :’::.::':;;ds to minimum energy and minimum energy to ionize

est waveleng T
hyd s transition from p
Ydrogen atom mean " LE i N
o E

n
'En"EP:.E".EI

tom)

Now as
So Emin

Emin & °

(1)*
Eo
Emm-T_o-ﬁ.GEV
W ArAA~A~AArmMIT A~Ar ‘
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Now this Emin means maximum wavelength An.. given by equation
he

Amax ==

[-'-mln

(663x103*)(3x108)
= =91.4nm
Amax 13.6x (1.6 x10-19)

19.7 Calc

ulate radius of the innermost orbital level

rn=? me = 9.11 x 107'Kg q=e=16x10"C
For hydrogen atom, radii of the orbits can be determined by the equation
_n 2h2
fn = 4nlkme?

For innermost shell,n=1, putting values of other constants we get
2 p -34\2
Mo = (1) (663“0. ) ==53x10"m
4(3.14)2(9x10%) (911x 10731 )¢ 1.6x10-19)

(a) En = ? ( For innermost orbit of hydrogeni.e, n=1)

(b) En =2 ( For 2™ orbit of hydrogeni.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
EU

En=-— E.=13.6 eV (ground state energy)
n
For innermost orbit of hydrogen atom, n =1
13.6
Ei= -(—1); =-13.6 eV
(b) For 2™ orbit of hydrogen atom, n = 2. So we write the same equation
E2=-mo =34y
O

(c) Energy needed to raise an electron from 1
difference of energies between both energy levels
Since E=E;-E

E=-3.4-(-13.6)=102 eV

orbit to 2™ orbit is equal to the

gy level to the first energy level
determine (a) the energ

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

W ArA~ANAAArTMI T AT
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(a) ENergY emitted by an electron of hydrogen at

orbit to 1** orbit, is equal to the gjff om in making transition from 2"

eren i
Mathematicallv E=E,-E, ce of energies between both energy levels.
= ._EEL_ ( Eﬂ
(2272
E=—fo  E, cg (1) 3k _3(136)
(1)2 (2)27 "t T4 4
E=10.2ev
“Koracademy.com
’ .Koracademy.co
“h
¢ 102x(16x10719) s
663x 1071 - 246x10"He
(c) Frequency and wavelength are related to each other by equation f = ;
C 3x108 |
OR Az=== = o
[ 2a6x 1015 22X10Tm

19.10 An electron is in the first Bohr orbit of hydrogen. Find (a) the speed of the
electron, (b) the time required for the electron to circle the nucleus.

)
(a) speed V = ? ( for 1% Bohr orbit in hydrogen )
(b) T=? ( time to complete one round trip by electron in hydrogen )

(3) According to 2™ postulate of Bohr's model of hydrogen atom

nh
mvnrn-“
nh

=2nmrn
(1)h

=2nmr1
(1)(663x1073)

V1= 2(3.14)(911x10731)(53x10°11)
vy = 2.19x 10° m/s
(b) We know that relation between linear and angular velocity is

Vi for 1* Bohr's orbit,n = 1

Vi

Varw for 1" orbitn=1
2n
Vi=rnw Asw:T
Vy=nl ‘-?r-'—r) re-arranging the equation we get
1
71, 6 O"ll)
2mry 2(314)(53x1 B} -
T,=— = 2192106 1.52 x 10'® sec

19'11 Electrons in an X-ray tube a

W, jf these electrons were slowed dowll
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Vo = 3000 V Amin = ?

When an electron in x-ray tube accelerated by potential difference V, , provides all
its energy hf mx in a single collision to the target then

hc
eVo=hfpu=
min
hc
Amln-'c_q

_(663x10734)(3x108)

min =

=4.14 A°
(1.6x10-19)(3000)

Vo=?
When an electron in X-ray tube is accelerated

its energy hfma in a single collision to the target then;

h
eVo=hfp,=—

min

__hc _(663x1073¢)(3x108)

Arnin =0.1 nm
by potential difference V, provides all

o

“edmin (16x10-19 )(01x109) - 12431V
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