Subject : Physics

Topic : Dual Nature of Matter and Radiation

[SOLUTIONS]
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(B). The de-broglie wavelength is 2rtr, =2
A =m7r,
r,=2%r,=4r,=4x053=2124
A=3.14x212=6.66 A

(C). The energy of 10 eV means that
E=eV=10e Volt ; V=10 Volt

The electron was accelerated through a p.d.

of 10V.
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(B). W, 12375 12375

= = =2.28eV
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(D). WO = hVO

W,  251x1.6x107"

= Vo =
h 6.6x10734

=6.08x10'* Cycle/sec.
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332x107Y 4000
:} =
E, 6000

= E, =498x107 7T =3.1eV.
(A). Slope of graph is h/e = constant

kﬂ=ﬁ:>x _622x10°

(A). Ay Vy 2 R
=0.622 A

(D). E; _heh, Ay E _50

E2 B 7\«1 hC 7\,1 Ez 1

(A). Covalent bond is due to wave nature.

©). h=—2
2mE
(A). W, =hvy = 2¢

Ao

(A)K _(Wo)Na _23 1
(Ag)Na  (Wy)K

45 2

he  12420x107 1
Wo  Wo(eV)

A). A=

12420x1071°
4eV

=310nm

1

distance?

(B). Intensity oc
Distance is halved intensity becomes four times,
so emitted electron becomes four times.

(B). (KE.); =hv,-hv,

(K.E.),=hv,-hv,
As(KE.);=2x (KE.),
(hv;=hvy)= 2 (hv,—hv,)

or  Vy=2v,—V,

=2x(2.0 x 101%) - (3.2 x 1016)
=0.8 x 101°Hz or 8 x 101° Hz
®). W=22-k

7\( max

= 12ﬂ—1.68 =142eV
400
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(C). Power of the bulb = 100 watt =100 J s~!
Energy of one photon E =hv=hc/A

_6.626x107*Jsx3x10%m /s

40010~ m
=4.969 x 107197
Number of photons emitted per second is

n P 100 Js™!

t E 4969x107"7]

=2.012 x 1029 571
Work function, ¢,=hv,,
where v, is the threshold frequency
So, ¢y v,. Hence Pt>Al>K
(D). When a beam of electrons of energy E,, is
incident on a metal surface kept in an
evacuated chamber, electrons can be emitted
with maximum energy E (due to elastic
collision) and with any energy less than E,
when part of incident energy of electron isused
in liberating the electrons from the surface of
metal.
Consider an electron of mass mand charge e
accelerated from rest through potential V.

(A).

(A)-

2_ P

ThenK=¢eV ; Kzgmv =—

p=+2mK =+2meV

The de Broglie wavelength A of the electron
p 2mK 2meV
Substituting the numerical values of h, m, e,

we get
6.63x104
A=
V2x91x103 x1.6x10719 x v
_1227x107 1227
JvV JvV

(D). Photoelectric current depends on

(1) theintensity of incident light.

(i) the potential difference applied between the
two electrodes.

(ii)) the nature of the emitter material.

)
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(A).

(1) The graph shows that the stopping potential
V,, varies linearly with the frequency of incident
radiation for a given photosensitive material.

(i) There exists a certain minimum cut- off
frequency v,, for which the stopping potential
is zero.

(i) The maximum kinetic energy of the

photoelectrons varies linearly with the

frequency of incident radiation, but is
independent on intensity.

Here, E=1MeV=10%¢V,

h=6.63x1034Js,¢c=3x108ms!

(B).

_6.63x107" x3x10°

hc 5 ~1240eV nm
1.6x10
he hc 1240eV nm
As E=— gt A=—=———
> AT E 10%eV
=1.24 x 1073 nm
12400
(D). Egpoon = 900 = +13 Y

Photoelectric effect can take place only if

E hoton = O
photon .
Thus, Li, Na, K, Mg can show photoelectric
effect.
(B). The maximum kinetic energy of the emitted
electron is given by
K ox=hv—¢,=h(4v)-h(v)=3 hv
hc hc ¢
. ——0=eV,V=—i-T
(D) A o=eV; er e

!
late 1: —=0.001
For plate he

)
late 2 : —=0.002
For plate he

For plate3 : 3—3 =0.004

c
(1)1 :(I)Z :¢3 =1:2:4

For plate 2, threshold wavelength

wohe  he 1000 __ o

"0, 0002hc 2
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(A).

(D).

For plate 3, threshold wavelength
_hc_ hc 1000
0; 0.004hc 4

Since violet colour light A 15400 nm, so
A < Mreshold fOT Plate 2

=250nm

violet

So, violet colour light will eject photoelectrons

from plate 2 and not from plate 3.

1240

Ey (550nm) = 550 eV =225V

1240

E;, (450nm) = 150 eV =2.8eV

1240
E, _ (350nm) =
k3( ) 350

eV =3.5¢V

For metal r, only A; is able to generate

photoelectron.

For metal g, only A, and A, are able to
generate photoelectron. For metal p, all
wavelength are able to generate
photoelectron. Hence photoelectric current

will be maximum for p and least forr.

hc

—=0+eV
" o
1240
(eV) (nm) =4.7(eV)+eV
200 (nm)
1240
e=4Te+eV
200
62-47=V oo V=15volt
L Q 15 ox109) 2815
4me, R s
100
9x 1011 Ne=1.5
1.5 15 1
N= T 19=—><—><108
9x10"" x1.6x10™ 16 9
5 50
= x10% = —=x10"
3x16 48
=17

€Y
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(©).

—

©.

(A)-
(A)-

(©).

(D).

(D).

(A).

or

h
E=—
A
12375
_ 12.375 v — E=
A(in A) 4100
E~3eV
1 >
hv—¢ =Kpax = Emvmax

According to question,

Shvg —hvy _ v3
2hVO —hVO V12

vy =2v; =2 % 4x10°=8 x 10%m/s

A photo-cell employs photoelectric effect to
convert light energy into photoelectric current.
When electrons emitted from cathode collide
with gas molecules atoms, they knock out
outer electrons and produce positively
charged ions. They become part of positive

ray.
1MeV =10° x 1.6 x 10717 joule

E 16x1077
Momentum of photon= — =———=—
C 3x10

16 _
_ L6 o2 21622
3 3

=5 x 10722 kg m/sec.

) nhv
Since p = e

n p 2x107
., 1

t hv 66x103%x6x101
=5x 100>

Number of emitted electrons

_

(Distance)2

Np, o« Intensity oc

Therefore, as distance is doubled,
Np; decreases by (1/4) times.
KE =hv-¢

max
hv=KE___+¢=5eV+62eV
=112¢eV

max
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(40)
(41)

(42)

124201071 (43) (D), (44) (D).

13.6 13.6x4
11.2 (eV) 0p =—7eV. b =V
= 1000 A which is in ultraviolet region.
(B). m v, =mv E-¢5 =(KE)s, E-¢g =(KE)g
myv,  9.1x10731x3x%10° KE, =2KEgp; E-¢, =2(E-0¢p)
V= =
m 107 13.6
=27 x 10—18m/s E:2q)B—q)A= 2X13'6_T=23'86V

(B). Saturation current oc intensity

45 D). Einstein PE. i
(A). Curves (a) & (b) represent incident radiations (45) (D). Einstein PE. equation

of same frequency but of different intensities. Casel: eV = hec  he (1)
(A). L =667 x 10°m, P=9 x 10°W roA,
Nhe ) Case Il :

P=——_N:No. of photons emitted/sec.

A V_ he he dhe  4he

qui—k—ﬁevzj—k— ....... (2)

N_9><10‘3><667><10‘9 0 0

6.6x10734 x3x10° Eq. (1)~ eq.(2)

E_Z_hc_ 4hc hc hc 3hc

—-10 -t —=>—=
_ 9%6.67x10 A A 2% Ay A Ay

3%6.6x107%°

= 3X1016 /sec
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