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PE.=

. Negative sign indicates that revolving
4meor

electron is bound to the positive nucleus.
So, it decreases with increase in radii of orbit.

E= Rhe L,— ],
m"ony”

E will be maximum for the transition for which

]i k. I_,:l is maximum. Here n, is the higher energy

Clearly, _I’_, ]_’ is maximum for the third transition,
"l Il:’

i.e. 2 —> 1. I transition represents the absorption of

energy.

Number of emission spectral lines

N= n(n-1)
2

o

ny(n;—1) .
=%. in first case.

Or nlz—nl—G:Oor(nl =3)(n; +2)=0
Take positive root.
Sonyp=3

Again, 6= w in second case.

Or nd —n,—12=00r (ny —4)(n; +3)=0.
Take positiveroot, or n, =4

2
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Now velocity of electron v = 28K78
T
L
=
1 N, sin*(9,/2)

No =gy =
sint0/2 N sint(0,/2)
N,  sin®(60°/2)
5x10°  sin®(120°/2)
N, sin30°
5x10°  sin60°
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o N,y= leo(’x(I—) [;j =§x106
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Magnetic moment of the hydrogen atom, when the
clectronis in n® excited state, i.e.,n'=(n+1)
As magnetic moment M, =1 A =i (xr,?)
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Solving we get magnetic moment of the hydrogen atom
for n™ excited state

Mn.:( " Jﬂ
2m/2n

he he  6.62x1073x3x10°
E=—oh=s—=—"T—
. E  125x1.6x107"°
=993A°

1 1 1
SR
1 [“12 "‘23]

(where Rydberg constant , R=1.097 x 107)

—_— — =|.o97x107[
993x10 I
Solving we getn, =3

Spectral lines

Total number of spectral lines = 3

Two lines in Lyman series forn, = I, n,=2andn =1,
n,=3 and one in Balmer series forn,=2,n,=3

or,

Lyman ILyman

I:"—h.|E\mZZ/nz:n:3
2n

=y =l and |[Ey| <|E| ||

ron’

radius of final state 3
=n

" radius of initial state

212x10™"
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53x10™"

=4orn=2

_ Ron2
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R
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Radius in ground state = —-

Ry x4

Radius in firstexcited state = (- n=2)

Hence, radius of first excited state is four times the
radius in ground state.
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10. (a) Speed of electron in nth orbit Q 52 . 1
5 rp= =nn (given) = n= 7
v - 2nKZe® 00
L 16. (a) Energyof clcclr(:n in n'" orbit is
z z
V=(2.19% l()"m/s); E, == (Rch) —=-544¢eV
n2
Fi s
V(219 106) Z-28&n-3) or He' is gro:m)d state
V=146 % 106 m/s E,——(Rch)( =-544=Rch=13.6
1. () KE  =10eV . For Li*" in firstexcited state (n=2)
$=275¢V
Total incident energy E'=-13.6x =-30.6¢eV
=¢+KE  =1275¢V
17. Angul it
. Energy is released when electron jumps from the @ ngujarmnmen =gy
excited state n to the ground state. v=—
mr

12.

13.

14.

15.

(a)

(C)

®)

@

+ E,~E = {(-085-(-13.6)ev}
=12.75¢V
~ovalue of n=4
As the clectron comes nearer to the nucleus the
potential energy decreases
| zé ]

( —kze
—
1 kze?

The total energy decreases [T.E. = 3

)
=PE.and r decreasesJ

TheK.E. wi]lincrease[ KE. :—|P£ |=

When one ¢~ isremoved from neutral helium atom, it
becomes a one e species.
For one e~ species we know

-13.62°
) "—2 eV/atom

For heliumion, Z= 2 and for first orbit n= 1.
-13.6
a?
Energyrequired to removethise™ =+54.4 eV
o Total cnergyrequlmi 54.4+24.6=79eV
For 2™ line of Balmer series in hydrogen spectrum

1 ] 3
—|==R
42) 16

1 (1 1 ] 3R
2 | —=Rx9| ———| ==—
For Li |:7» FERNTH 16]

which is satisfiedby n= 12 5> n=6.
For anatom following Bohr’s model, the radius is given
by

Ej=—=x2% =-544eV

1
—=R ()| —-
P ()(21

rig= m”~
number.
For Fim, m=5 (Fifth orbit in which the outermost electron
is present)

where r; = Bohr's radius and m = orbit

K. E. of electron = %mv2 = lm(i]

2 \mr
JZ
- 2mr?
%
k my~
18. () When F ———ccnlnpetal force, lhen———
7

= mv? = constant

JC+V

= kinetic energy is constant
= Tis independent of n.

19. M) l_':
Here, ' =706 nm, }, =656 nm
C”":(ﬁ] =(65_6] =0.86
ct+v \A! 706
v_014
= C 186
= v=0.075x3x10%=2.25x 10'm/s
. gkl =5
20, @ - B= [ and I-T
Mo
B= 2T [ren?Ten’): Bxl—i
o
21. (a) 53electronsiniodineatomaredistributedas 2, 8,18, 18,7
Sin=§
e
= (053%107"") =
1y =(0.53% ) Z
0.53x101 x 5>
=%:2.5x|0 Mm
22. (a) Atclosest distance of approach, the kinetic energy of

the particle will convert completely into electrostatic
potential energy.

1
Kinetic energy K.E. = Emv2
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SOLUTIONS

23.

24,

25.

26.

Ki
Potential energy P.E. = 'Q‘l
L <. L .
2 T m
n(n-1)
©® —5—=¢
4
y 3
2
1
n?-n-12=0
(n-4)(n+3)=0 or n=4
(¢) The wavelength of spectrum is given by
¥ 7
Loga{l 1) uherepokOTi0"
Y l 2 zJ m
T §va
where m = mass of electron
M= mass of nucleus.
Fordifferent M, R is different and therefore L isdifferent.
@ 2 Tep’
Tn, =8 T, (given)
Hence, n) =2n,
@ AE=hv
AE 1 1] k(2n-1)
v=—= = |=m—
h (n=1)> n”| n*(n-1)°
_2k 1
= n_3 o v n—3
(c) A spectrum is observed, when light coming directly

from a source is examined with a spectroscope.
Therefore spectrum obtained from a sodium vapour
lamp is emission spectrum.

. (a) Energyof ground state 13.6 eV

Energyof first excited state

_B6_ L,y

4
Energy of second excited state
=— 13 6 -15ev

9

Difference between ground state and 2nd excited state
=136-15=121e¢V

So, electron can be excited upto 3rd orbit

No. of possible transition

152,193,253

So, three lines are possible.

29. () InBohr’s model, angular momentum is quantised i.e

(= n(i]
2n

32 @ p-

30. (b) The smallest frequency and largest wavelength in

ultraviolet region will be for transition of electron from
orbit 2 to orbit 1.

iz,g{L_LJ

R
A noom

S B _ R[;
12210 %m P
4 =]
= —_9”1
3x122x10
The highest frequency and smallest wavelength for

infrared region will be for transition of electron from oo
to 3rd orbit.

V(o) 4 [
5 ——R{ — Ty oy
A o Ao3x122x10°\32 =
9
- ;.:J—X'Lx;’*”’ =823.5nm

)
)l—= Rl 5 —2) where R = Rydberg constant
N ny ny

36
Ay =—
= 32 5
Similarly solving for 2, and 2.5,
9
A3t =3 and 21 =7
232 _g4ana 22l
231 731
ze? col(g)
2

=0:>co|(g) =0
4n g k; 2

:g=90° or 0=180°
Speed of electron in nth orbit

_ 2nKze?
" nh

%
V=(219% lO"m/s) =

V= (219><10") (Z=2&n=3)
'l.46><10"m/s

34. @) E=E,-E,

1
. The frequency of the transition vo —-, when
2

n=1;2;3:
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37.

38.

39.

40.

41.

42,

©

@

(@)

©

b)

(@)

According to Bohr's theory, the wave number of the
last line of the Balmer series in hydrogen spectrum,
For hydrogen atomz = 1

1
wave number I =0.25%10"m™!

Velocity of electron in #
given by :
_ amkze

h orbit of hydrogen atom is

-
n

nh
Substituting the values we get,
2.2x10°

1
v,= m/s or V,oc—
L n n % i
As principal quantum number increases, velocity
decreases.

1 11
T=R[—z“—z]
A ny  n3

1
== 1.097x 107
970.6 x10™
% o5 —1) 4x3

. Number of emission line N = M: %: 6

92 g2 2 4
Wehave £, = SN ":K_'Z € Forhelium Z=2. Hence

nh-

requisite answer is 4,

As a-particles are doubly ionised helium He™ ie.

Positively charged and nucleus is also positively

charged and we know that like charges repel each other.
(

= RLLJ_ , where i, =2, 1, =4

=
n,2 n

14(12) 16
»Raae) = Mw:

Thekineticenergy of the projectileis given by

1 5 Ze(2e)
-mV =
2 4meqty

ZZ;

Anegry

43.

4.

45,

Thus energy of the projectile is directly proportional
w0Z,Z,

1 N 1
We know that —= RZ*| ———

P nyoony
The wave length of first spectral line in the
Balmer series of hydrogen atom is 6561A . Here ny = 3
andn, =2

1 o1 1) sR
s =R = |=2-
6561 ”(4 9] 36

For the second spectral line in the Balmer series of
singlyionised heliumionn, =4 andn, =2:Z=2

1 o1 1 3R
2 Bsz iR [ |22 n
o (2) [4 lb] 7 i)

Dividing equation (i) and equation (ii) we get

(i)

36 3R 27
r=1215A
For Lyman series

wheren=2,3,4, ...
For the series limit of Lyman series, n = «

11
vj= Ry [—2-—2] =R
P oo

For the first line of Lyman series, n = 2

.(i)

1 1 3 i
v, =R | ———=|==Rp .(ii)
2 [1’ 23} 4
For Balmer scries
v=R.
where n=3,4,5 ...
For the series limit of Balmer series, n = o
_ 1 1] _Re
v; = R, = 7 = L.(iii)
From equation (i), (ii) and (iii), we get
U|=UZ+UJ or DI_U2=UJ
1 , 1
s roc— s I = =1
As = 0=7"%
As Exm “ Ep =2(-13.6)=-27.2¢V



