CLASS24
41. Electric Current through Gases

Short Answer

1. Question
Answer

Conduction happens when an electron with enough kinetic energy collides with
the electron of gas atoms. This process is called as ionization of gas atoms. This
phenomenon is reported atlow pressure, as at high pressure the mean free path of
electron decrease which results in a collision of electron much before they get
enough kinetic energy for ionization. Whereas at low pressure due to an increase in
their mean free path they are able to gain enough kinetic energy for ionization
process so conduction is easier. If the pressure is made too low, there won't be
enough atoms to ionize and hence conductivity will decrease.

2. Question
Answer

When an AC source is connected to a diode half rectification of the source will
happen and we will get a pulsating DC output.
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The resistor in series would be getting a pulsating DC output. The given circuit in
question is analogous to half rectification of AC source by diode, in that circuit we
use resistor for measuring the load of DC.

3. Question
Answer

Thermionic current will increase if the filament current is increased as due to
increase in temperature in filament. It is due to internal resistance through which
the temperature of filament increases. This increase in temperature will give




enough kinetic energy to electrons to leave the surface of filament anc
to increase in number of thermions number leaving per unit surface ar CLAssz4
filament and hence thermionic current will increase.

4. Question
Answer

We know that electrons which are responsible for thermionic current will leave
the surface at high temperature. Therefore, cathode material should be able to
handle high temperature which will only be possible if the material has a high
melting point.

5. Question
Answer

Work function’s magnitude accounts for how much energy we need to provide for
the emission of electron from the surface. Therefore, we would prefer material
having low work function as less energy will be required for emission.

6. Question
Answer

When an isolated metal sphere is heated to high temperature it will give enough
kinetic energy to electrons and hence will the surface. This will decrease the
number of electrons on the surface of metal sphere. And due this reason the sphere
will become positively charged.

7. Question
Answer

The important thing to note in this question is that diode’s cathode is connected to
battery's negative terminal. When filament is heated it will continuously emit
electrons from it but battery’'s negative terminal will also provide electrons which
makes the diode electrically neutral in nature

8. Question
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No, non-conductors will not take part in thermionic emission due to a high work
function. Also, Non-conductors do not have free electrons present on its surface
hence no electrons are able to emit from it. Whereas in conductors, due to the
presence of free-electrons on its surface it accounts for thermionic emission.

9. Question
Answer

The plate current will increase. We know the more the surface area of cathode
more number of electrons will be present on it and hence probability of electrons
leaving the surface also increases which in turn increase the plate’s current.

10. Question
Answer

We know that in the linear portion of the triode characteristic graph, it has the
least amount of distortion as comparted to other region of graph. This gives an
advantage that voltage across the resistor will vary accordingly to input signal and
amplification can be achieved easily without risking the life of vacuum tube.

Objective |

1. Question
Answer

Cathode is responsible for thermionic emission and thermionic emission is due to
electrons which leave its surface. Therefore, rays should constitute a stream of
electrons.

Ions are present due to gases but they do not account for rays from cathode surface
as only electrons are the one leaving the surface.

2. Question
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We know that cathode rays constitute a stream of electrons which are responsible
for thermionic emission. Therefore, field will be created hence option D should be
ruled out. We know it is due to charge magnetic field is created. We also know that
magnetic field and electric field complement each other. Magnetic and electric
field concepts are relative to each other, that it depends on which frame of
reference you are taking about hence both fields are created inside tube

3. Question

Answer

We know that current in thermionic emission varies to square of Temperature. of
cathode with exponential term

] oc T: " e—l/T

The best suited curve from the figures which satisfy the equation is the parabolic
one.

4. Question
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We know the dynamic plate resistance is given by
R = AV, /Al

Now when diode is at saturated current region the change in Alp will be very small
or it will be near to zero, therefore dynamic resistance will at infinity.

[t can't be indeterminate as although it will saturate current but still changes in
decimal places will be still be visible and hence Alp will not be equal to zero.

5. Question
Answer

When cathode is connected to positive terminal and anode to negative terminal
electrons will not able to leave the surface of cathode and hence no thermionic
emission will be accounted. This will result in no current passing through diode.

6. Question

Answer

In 1 Mz 1pusle will pass through

Current v Current

VR




We can see from figure that in one second 1 pulse will pass through wi

1Hztherefore total of 50 pulses will pass through in one second CLAssz4

7. Question

Answer

We know the formula for dynamic plate resistance is
R = AI/;,/AIP

When triode is operating in linear region, and plate voltage is slightly changed it
will lead to change in current of plate and hence both of these effect will cancel
each other and no change in resistance will be observed.

8. Question

Answer
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We know electrons get attracted to positive potential. When potential of the grid is
made positive it makes easier for us to push electrons from cathode to anode
which accounts for increase in current. Hence plate current in a triode valve is
maximum when the potential of the grid is made positive




9. Question
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Answer
When the triode operating in the linear region, it indirectly
implies that the grid voltage, plate voltage and plate current is

specified and hence plays no contribution to the amplification factor in this
question

Now if the grid is too near the cathode it will partially or completely lie in space
charge region which comprises of electrons from the cathode. And hence it will
pick electrons from cathode more rapidly which will increase the plate current and
hence amplification factor will get affected. As amplification factors depend on the
plate’s current.

And when the grid is far away from cathode, it will able to pick as many electrons
compared to when it was near to cathode and hence amplification factor will get
affected

Obijective ll

1. Question
Answer

Cathode ray which comprises of electrons is mainly responsible for electric
conduction. But ions are also present in gases which play a role in conduction by
getting ionized by colliding with electrons which are present in cathode rays. This
process is called ionization which also contributes to electric conduction.
Therefore, both positive and negative ions with electrons are responsible for
conduction




2. Question
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Answer

Cathode rays are wave but due to their massless property they are not able to
travel at speed which is equal to light hence they are not categorized under
Electromagnetic wave.

Cathode consists of Electrons and they will travel from cathode to anode by the
shortest route which is abliviously a straight line until any other forces are applied
across the tube. In presence of magnetic field, they will deviate from their usual
path.

When cathode accelerated to the anode they produce X-rays, which is in
accordance to Maxwell's principle that accelerating charge emit radiation when it
strikes the surface of metal.

3. Question
Answer

Space charge is three dimensional concept. [t is a cloud of electrons which are
distributed evenly over the 3D space rather than being at one place. As we know
cathode emits electrons and this electron take some finite amount of time to travel
and due to this a region near cathode is created which create repulsion for
electrons which are coming cathode. This phenomenon is called space charge
effect. This decrease the plate’s current.

This Space charge has no effect on the rate of emission of thermions, as rate depend
on how much energy we are providing to it. Also it is not related to saturation
current or plate’s voltage.

4. Question
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Anode
Grid
Cathode

Heater

Grid Voltage when made negative, it will not allow the electrons from cathode to
pass through, as electrons will start repealing from it hence this will decrease the
electric conductivity. Whereas when grid voltage is made positive it will start
attracting electrons and make it easier for electrons to leave the surface of cathode.
Therefore, through grid voltage we are indirectly controlling the plate’s current.
Also in triode valve we know that the maximum current is the saturation current,
hence by controlling the grid voltage we are in a way controlling the saturation
current. Whereas separation won't make any difference as it is the voltage which is
actually plays an important role in controlling the plate’s current. Changing the
separation will only effect the amplification.

No matter what is the temperature of cathode is, at the end it depends whether
grid allows the electrons to pass through to it or not. Therefore, it is the grid
voltage which effects the saturation current.

5. Question
Answer

We know triode has a property through which output can be controlled and it is
due to this property triode is used as amplifier. This property of manipulating
output is not present in diode therefore it can't be used as amplifier.

Also, it is well known fact that diode and triode allow only in single direction flow
of current through it and hence they act as rectifier for AC input and convert it to




pulsating DC.

6. Question CLAssz4
Answer

A. the plate voltage is zero

B. the plate voltage is slightly negative

C. the plate voltage is slightly positive

D. the temperature of the filament is low

When the temperature of the filament is low, then there is a possibility that not
enough kinetic energy is being produced and due to these electrons may not able to
leave the surface of the cathode and hence zero current in a diode. When plate
voltage is zero it means indirectly that current is zero as we know both are in
direct relation to each other. And when the plate’s voltage is negative with respect
to cathode no electrons will leave the surface and hence zero current. Now when
the voltage is slightly positive, it may be that it is not greater than forward voltage
and hence electrons are not able to accelerate towards the anode. As we know
around cathode a cloud of electrons formed and when voltage is not enough for
electrons, they will not able to reach the anode.

7. Question
Answer
B. Vg >0, Vp <0

C.Vg<0,Vp>0




D.Vg<0,Vp<0
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Here Vg means voltage grid and Vp means positive plate’s voltage. Nov. _ .
given in question that temperature of the filament is high therefore electrons have
enough kinetic energy to leave the surface of cathode.

But still even if grid voltage is negative, electrons will not able to reach the surface
of anode and hence no current will be visible Also if positive plate’s voltage is

negative, then also electrons won't be able to reach the anode’s surface. Therefore,
current will be zero even if one of the above conditions are met.

Exercises
1. Question
Answer

Let the distance travelled by free electron and positive ion be Sg and Sy
respectively. Also, mass of the electron and positive helium ion be m, and my, where

me=9.1x1031kg
mp=4xmass of proton

=4x1.6x10"2"kg

We know,

where s is the distance travelled, u is the initial velacity, t is the time and a is the
magnitude of acceleration

Here, initial velocity of electron and helium ion is zero

at?
2

Now, magnitude of force experienced by electron,

F =qE
m.a =qkE
qE

a [ pp—




where F is the magnitude of force, E is the electric field strength and q

magnitude of charge of the particle. CLAssz4

E
- Distance travelled by free electron for dt durationis S, = ZCIIT x (dt)*
e

Magnitude of force experienced by positive helium ion,

F=qE
mpa = qE
qE
a=—

m,,

q 5
- Distance travelled by positive helium ion for dt duration isS, = P x dt-

2my,
The required ratio is
qE 2
Se  2m, oGl
Sn  9E 42
om < dt

m, 4X16x10 "7
S, m,  9.1x10-3!

S.  my

5, m.

7340.6

2. Question

Answer

a) Given electric field E= 5 kV ml=5x103vm!

Timet=1ps= 1x107s.

Let m be the mass of electron and g be the charge of electron where m=9.1x1031

kg

g=1.6x10"1%C




We know,
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F=qE
ma = qE

qE
a=—

m

where F is the force, E is the electric field strength and q is the
magnitude of charge.

Also, distance travelled by an electron is
S = ? (as initial velocity is 0)

qE &
S=-—xt°
2m

1.6 X1071°x5x 103 x 10712
4 2%9.1x 103!

=4395m

b) Here mean free path S travelled by electron is given as S=1mm

=103 m
We know,
G R 5 < 103 4
a=-—= — &%/ x 10'°
m 9.1x 103!
Also,
at?
S —
28
=21{"=—
da
t 2x107 107 2.29x 10718
‘= = 229X
- 0.87 x 1015 S

= t=151%x 10"%s= 1.5ns.

3. Question
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Let the mean free path be L. and pressure be P
Given, « lwhere L = half of the tube length and P = 0.02 mm of Hg
P

~. When P becomes half, L doubles, i.e. the whole tube is filled with Crook’s dark
space.

Hence the required pressure — % = 0.01 mofHg.
2

4. Question
Answer

Let d1 and p1 be the length and pressure of short tube. Also d2 and p2 be the length
and pressure of long tube.i.e. p1=1.0 mm d1=10 cm, d2=20cm

According to Paschen’s law,

V = f(pd) ie the sparking potential of a gas in a discharge tube is the function of
the product of pressure of the gas and separation between the electrodes.

~ V= pldl = p2d2

pldl  1x10
== = = 0.5 mm
dz2 20

5. Question

Answer

According to Richardson-Dushman Equation thermionic currenti is
i =ne = AST? e ®/KT

where, n is the thermions emitted, S is the surface area, T is the absolute
temperature, k is the Boltzmann constant, A is the constant depend on nature of
metal and ¢ is the work function.




Casel

T=300K
—452x1.6x10"1°
n(T) AS300° e138x10 x300
Now, —
n(1000) —452xL6x10°
AS10002 e138x10722x1000
Case 2
T=2000K

n(T)

—4.52x1.6x101°

AS2000% e138x10 2x2000

Now, i
n(1000) Z452x16x10~ 12
AS10002 e1.38x1023x1000
Case 3
T=3000K
—452%1.6x10" 17
Nowg n(T) _ AS3000~ e1.38x10 22x3000
n(1000) —452x16x10"1°

6. Question

Answer

AS10002 e1.38x10-*2x1000

CLASS24

= 7.057%x 107>

=959 x 10!

= 1.34 x 10%®

According to Richardson-Dushman Equation thermionic currenti is

i =ne= ASTZ e ®/KT

where, n is the thermions emitted, S is the surface area, T is the absolute
temperature, k is the Boltzmann constant, A is the constant depend on nature of
metal and ¢ is the work function.

Given,

Ittungstenz 100 mA

T=2000 K

Attungsten=3 % 10* Am-2 K2

Aptungsten=60% 10* A m-2 K2




cpttungsten =2.6eV
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®ptungsten =4.5eV

Now,

-2.6x16x10° 1%
4 2z —Saxa
Litungsten 3 x 107 X S x 2000~ e1.38x107*#x2000

Lo _—45x16x10 12
prungsten e w 104 X S X 20002 e138x10 Z2x2000

—2.6x1.6x107 19

100 3 x 10* x S x 20007 e1.38x10733x2000

I —4.5x1.6x1074°
prungsten 00 % 104 x S X 20002 e1.38x10-3x2000

(—26+4.5)x1.6x10~ 1%

100 @ 1.38x10 23x2000
Iptlmgsten 4 20
100 x 20 .
Tptungsten = (—26+4.52)x1.6x10°1° 2000 x e 7777 = 33pA

@ 1.38x10 “?x2000
7. Question
Answer
According to Richardson-Dushman Equation thermionic current i is
i =ne= AST? e ®/KT
where, n is the thermions emitted, S is the surface area, T is the absolute
temperature, k is the Boltzmann constant, A is the constant depend on nature of
metal and ¢ is the work function.
Given,
Attungsten=3 * 10*Am-? K2
Aptungsten=60x 10% A m-2 K2
thtungsten =2.6eV

o =45eV

ptungsten

II:t'ungsten:SOU' D]ptungsten




N Ittungsten — 5000 =

—2.6x1.6x10"17
3% 10* X SXT?e 138x10 3T

I

ptungsmn

L]

—-4.5x1.6x10"1
60 X 104 X S X T? e 1.38x10 23xT
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(—2.6+4.5)x1.6x10 *°
e 1.38x10723xT

20

= 5000 =

(—2.6+4.5)x1.6x1071°
1.38x107 33 xT

= 100000 =e
Taking log on both sides,

22028.98

11512 =
T

22028.98
11512

=2T= = 1913.56K

8. Question

Answer

According to Richardson-Dushman Equation thermionic currenti is
i =ne = ASTZ ¢~ ®/KT

where, n is the thermions emitted, S is the surface area, T is the absolute
temperature, k is the Boltzmann constant, A is the constant depend on nature of
metal and ¢ is the work function

Given,T1=2000 K
T2=2010K,®d =45eV

—4.5x1.6x10"1°

I, AXSX2000% e138x10-2x2000
Now, = —

] —4.5x1.6x10 19

2 AXSX20102 e138x10 “?x2010

L T45x16x1071% 1 1, i

I, 2000°e 133x1072% 12000 2010 2000° % 0.87828
e = = 5 = .869564
I, 2010~ 2010-

Required factor is

o i
I, 087

9. Question




Answer CLASS24

Given

A=60 x 104 A m2 K2

$=2.0 x 10-5 m?

P=24W

g=6x108Wm2K*

The power radiated by Stefen’s law is given by
P=SoT?

=24 =6%x108x2x10°xT*

= T* = 2000

= T=2.1147 x 10°K

According to Richardson-Dushman Equation thermionic currenti is

—
i =ne= AST-e kT

where, n is the thermions emitted, S is the surface area, T is the absolute
temperature, k is the Boltzmann constant, A is the constant depend on nature of
metal and ¢ is the work function

4.5x1.6x1074°
=60 X10*X2X107°x 2114.7° X e1.33<10 3x21147

=1.034 x 10°A
~ 1 mA

10. Question
Answer

Given,




3
ip o (V, )7
where i is the plate current and Vp, is the plate voltage

V=60 volts

=10 mA
3
. ip _ K(Vp): (1) (k is a constant)

Taking derivative on both sides with respect to ip

1

1=2K(v,) x5 @)
Dividing (2)/(1)
13y
iP v dlp Vg=constant
dVp 2V 2 X 60
i’(m)ﬁ;—sx 0x 103 O
11. Question
Answer
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Given the plate current is 20 mA for 50V and 60 V, i.e. 20 mA is the saturation

current.

-, for a given temperature current remains same for all voltages. . i.e.for 70 V

currentis 20 mA.

12. Question

Answer

Given P1=1W, Vp1=36V,Vp=49V

P1 1

WeknowP = VI = P1 = Vligy =iy = Vi~ 3%

According to Langmuir-Child equation i, « V:/E




where ip is the plate current and Vy, is the plate voltage
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3
3 3
NUW,lp — VL; - —362 - —216
e 2 493 383
i 43 0.04411
=ji,=—"""=0.
P< 36x 216

~P2 = ip2 X Vp,=.04411x49=2.16
W=22W

13. Question

Answer

Given Vp1=225V, Vp3=250V, Vg1=-0.5Vgy=-25V

2%)
AV,

o
=2

Amplification factor for triode = — (

where VT is the change in plate voltage and VT is the change in grid voltage

.. —VE (Lzs — 288 )
B - VB 0 56875

: 12.5
=5 =12

14. Question

Answer

Givenrp =2 KQ = 2x 103 (plate resistance)

gm =2 millimho = 2x 1073 mho(transconductane)

Amplification factor for triode = p =1, X g, = 2 X 103x2x1073 =4

15. Question
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Given rp,=10 KQ = 1040, Vp1=200V, Vpp=220V

The dynamic resistance of triode is defined as,

(AVP)
v \AT,

where AV}, is the change in plate voltage and Vy is the grid voltage and Al is the
change in plate current

g:constant

. 220 —200 20
510t ="—"" SAlp=——=2mA
Alp 10+

16. Question
Answer

The dynamic resistance of triode is defined as,
()
I, A
P Alp

where AV, is the change in plate voltage and Vg is the grid voltage and Al is the
change in plate current

Vg=conslant

From figure, considering the line Vg=-6 V, we get two value of Vp i.e.
Vp1=160 V, Vpp=240V, Also ip1=3 mA i3=13mA

Substituting values in equation we get,




_ 240 — 160
= I

(13- 3) x 103 = 8Ra CLASS24

ngconstant

The mutual inductance g, of a triode valve is defined as

(&%)
Em =
AV, v

Considering two points in the graph where V,-200 V we get ip1=13 mA ip=3mA
Vg1=-4V, Vgo=-8V

p =constant

Substituting values in equation we get.

(3-13)x 1073
o =
em —-8+4

) = 2.5 milli mho
V,=200V

Amplification factor for triode = p =1, X g, = 25x 8 x 10°* x 1073 = 20
17. Question

Answer

Given, rp=8 kQ, gm=2.5 millimho

a) CASE 1: AVp=48 YV, Vg= constant

The dynamic resistance of triade is defined as,

(AVP)

r.=|——

p Alp/,,
g

where AV}, is the change in plate voltage and Vg is the grid voltage and Al is the

—constant

change in plate current

substituting the values

8000 = 0
- T Al




48
=)Alp=m=61‘ﬂ_ﬂ

b) CASE 2: gy=2.5 millimho=.0025 mho, Al, =6 mA =.006 A

The mutual inductance gy, of a triode valve is defined as

Alp
g VP =constant

0.0025 1006
' - AV,

v 0.006
& 0025

2.4V

18. Question

Answer

Given, rp=10k(Q, p=20, Vp1=250 V. Vg1=-7.5 V,ip;=10mA
a) CASE 1:ip2=15 mA. Vp= Constant, Vgz=? i51=10 mA

We knowAmplification factor for triode = p =r, X g,

where r, is the plate resistance and gy, is the trans-conductance

20
10000

[ = 2 x 1073 mho

Now,

(A Ip)
Bm =\ A v
AV,

P =constant
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where AV, is the change in grid voltage and Vy, is the plate voltage and Aly, is the

change in plate current




15—-10) x 1073
0.002 :(( ) )

AV,
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v 0.005 -
8 002

V=V, =25V
V,=25-75=5V

b)CASE 2: Vp3=2,i53=10 mA, ipp=15mA, ip3=10mA

The dynamic resistance of triode is defined as,

(/_\ Vp)
LV

where AV}, is the change in plate voltage and Vg is the grid voltage and Al is the

g=constant

change in plate current

AV,
(10— 15) x 10-3

= 10000 =

=2AV, =50

= Vp3-Vp3 = =50

= V,3 =200V, required voltage
19. Question

Answer

a) Given, Vp=250V, Vg: -20V

Also i, — 41(Vp + 7V,)

ip = 41(250 - 140)'*! = 41 x (110)**! = 30984 pA = 30 mA




b) Differentiating the given equation with respect to ip keeping Vg con
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1-41x141(Vp + 7V,)"" x (dVp/diy)

The dynamic resistance of triode is defined as,

(dVP) 10° 2.5 % 103 = 2.5 KN
= \dr, 41 x 1.41 x 11041

Vg=constant

¢) Differentiating the given equation with respect to Vg keeping Vj, constant

di _
P _41x141(Vp + 7V,)" X (7)

dv,
dl
g = (ﬁ) = 41X 1.41 x110*! x 7 = 2780.18 yt mho
g

Vp =constant

= 2.78 millimho
d) Amplification factor for triode = p =1, X g,
where rp, is the plate resistance and g, is the trans-conductance
=25x10%x278x 1073
=695~ 7
20. Question

Answer

Given:

v, 3/2
I, = k(vg +F)

gm Is the mutual conductance, i, is the plate current, V}, is the plate currentand Vg
is the grid voltage.

di, Sk(v +Vp)”3
gmid\fgiz 5

Taking cube on both sides,




ST

g = 2k (v, + ) CLASS24

T
gfn — %kzip =g, & i:)ﬁ hence proved
21. Question
Answer
Given gm=2millimh0=2X10'3mho, rP=20 k2, A=30
Here,“ =Tp X Em
where ry, is the plate resistance and gy, is the trans-conductance

=20x10%x2x 10% = 40

where A is the voltage gain, p is the amplification factor, Ry, is the load resistance
and rp is the plate resistance

40

- 20000
i+ R,

30

20000 4 20000 1
- U —— 5~ —_ = R, =60KQ
B BEER 3

22. Question
Answer

— B .

A=_""5..()
Ry,

where A is the voltage gain, p is the amplification factor, Ry is the load resistance
and rp, is the plate resistance

Given:

A1=10, Rj1 =4k




Ar>=12, R =8k}
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Putting these two values in equation (i)
u
10 = ———
P
1+ 2000

10(4000 + 1,,) = 4000y

We get a linear equation in 2 variables (rp and p)
4000u — 101, = 40000

400u — 1, = 4000 ...(ii)

We will get another equation by substituting the values of Ay and Ry is equation
Q]

H
12=—5—

P
1+ 8000

12(8000 + ) = 8000y

8000u — 121, = 96000 ... (iii)

Solving (ii) and (iii) to find the values amplification factor and the plate resistance.
400 — r, = 4000& 8000u — 121, = 96000
From (ii)

1, = 400p — 4000 --.(iv)

Substituting (iv) in (iii)

8000u — 12(400u — 4000 ) = 96000
3200u = 48000

u=15

Using p =15, the value of r}; is 2000Q or 2 kQ

23. Question
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Answer

Given the anodes are connected together, the grids are connected together and the
cathodes are connected together i.e. two triodes have same voltage and same
current which means rpq = rpz=r

Here the equivalent resistance,

_ (rpy Xrpy) 1t
(rp, +1,2)  2r

T
2
i.e., the equivalent plate resistance is half to the individual plate resistance.

Let giu1 and gy, 2 be the individual conductance.

From figure, g1 = 8m1 = 8- As two triodes are parallel i.e. equivalent conductance

G= (glnl 1 gm:) - 2g

i.e. The equivalent mutual conductance is double the individual mutual
conductance

NOW‘ |-11 = gmlrpl = gl'

equvalent amplification factor,p= RG = - x 2g =18

N =

Le. the equivalent amplification factor is the same as the individual amplification
factor
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