After studying this “r.hapter, students will be able to:
describe the working of a diode.

®  describe the action of a light-emitting diode in passing current in one direction only
and emitting light.

e  compare analog and digital electronics.
explain that electronic devices are built from digital logic circuits (that can act as
switches that can convert incoming voltage into binary electrical pulses of high and
low (1 or 0).

e  explain that Boolean logic is the basis for converting analog data to digital data
(this includes knowing that 'bit' is the smallest unit of data in computing; either | or
0. Eight bits make up a byte),

e  state in words and in truth table form, lhc actmn qf—Loyp ggmés Especlf%ally of
AND, OR, NAND, NOR, and NOT): 28 ~ ‘hﬁ Y

e identify the use of logic) gmes for ‘zcr:umyphrpuses {e g: burglar alarm, fire
extinguisher etc.), N \ ’% *ﬁ Y

®  use circuit -‘r}’fﬂw fGJIYJ'IE rﬁglﬂ gates,

e identify in given problems how Boolean switches can be put into combinations that
then allow them to achieve logical operations.

Long Questions prupmed in the |1g||1 of new hmmnurmn TE(hJIrquEh
{Knnwledge Understandmg Apphcatmn nnaiytlcal & Conceptual)

_ Introduction =

Q1: What is electronics? Briefly explain. e
Ans. Electronics is a branch of science that deals with the study and mntml n?the‘ flow
of electrons in devices and circuits. It blends téchnu:gl pru?ﬂmh With innovative
thinking, giving rise to advancements in arcaﬁ ﬁl,l!Ch aﬁ artificial intelligence. renewable
energy. and space exploration. Jf?ium: s;mpleﬁ mn-tponcnts like resistors to sophisticated
microprocessors, each eltmm cnimrbhres to the ever-evolving landscape of technology.,
providing many pnsf-uﬁiﬁ s ‘for innovation and shaping the future.
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0.2: What is semi-conductors? Disc murw&

working of amlnonduggr\muﬁ l(chuhn‘ﬁ

Ans, Semi conductors: Q

Sﬂnmnduammf‘uﬁ rials whose electrical conductivity lies between that of
conductors and ‘insulators.
Uses: They are widely used in electronic devices bécause their conductivity can be
controlled. The most common semiconductors are silicon (Si) and germanium (Ge)
Dopping: Their conductivity can be mcrcascd by adding a small amount of impurity, a
process known as doping.

Q.3: Explain the types of semiconductors.

Ans. Type of semi-conductors:

There are two main types of doped semiconductors (N-type and P-type).
N-type semiconductor: in an N-type semiconductor, a small amount of a pentavalent
impurity such as phosphorus or arsenic is added to silicon (Fig.19.1-a). These elements
have five valence electrons; four form covalent bonds with silicon, whuﬁhe fifth
remains free to move. These free electrons are the ma;nmgjr}:ba ﬁw E:H“ which
increase the conductivity of the scm:cunductal; J,;\ “\ EL \\ 1\ AN\ (eJ¢

L4
Fig I!.ifhl N-type semiconductors (b] P-type semiconductors
P-Type semiconductor: In a P-type semiconductor, a trivalent impurity such as boron or
gallium is added to silicon (Fig. 19.1-b). These atoms have only three valence electrons.
so one bond remains incomplete, creating a hole (a missing electron). Holes act as
positive charge carriers, moving through the crystal and helping in current conduction.

Q.4: What is PN junction? Briefly explain. ol v

\ |"‘- )
Ans. PN Junction: <\ I" ol LAY
When an N-type and a P-type snmmqnduf_;nrs. n? jﬁin\éda t?getfm:r they form a PN

angtion scmiconductor diode. \ %,Iu.-’ '. W
s e T e g L..._f“u.ﬂ...A.ILmq. LR T = TP 18 e (R Canin CIT, | ey 1 0T




to flow, an external voltage is applied to ow;r;:-nme this barrier. o 0 J\Tx-\
Examples: For silicon based diodes, the req#)refnyalfqgﬁl%ébamﬂk? \’ and for
germanium based diodes, it is ahpq{nﬁ 3 th VL \ AN

™~ Electronl

Depletinn region
Situation after the formation of depletion region

Fig.19.2: Schematic diagram of formation of PN junction
0.5: Explain the working of Semiconductor Diode.
Ans. Principle:

A semiconductor diode (also known as a
PN junction) allows current to flow in only one

direction.
Symbolic representation: Its symbnh 11-@

presentation is shown in Fig, 19
Working: \wx\ \T‘:_\ﬂ
Forward bias: The dlodt‘.- nt when the P-side is connected to tife positive

terminal and the Nfsirdé negalwc terminal of a battery (Fig. 19.4-a). This condition is
known as forward bms In forward bias, the applied voltage reduces the potential barrier at
the junction and narrows the depletion region. This enables charge carriers (electrons and
holes) to easily cross the junction, causing the flow of current through the diode.

Reverse bias: In contrast, when the P-side is connected to the negative terminal and the
N-side to the positive terminal of a battery, the diode is said to be in reverse bias (Fig.
19.4-b). In this condition, the depletion region widens, increasing the potential barrier
and preventing the flow of majority charge carriers. However, a very small current,
known as leakage current, still flows due to the movement of minority carriers from both
sides of the junction.

P-region N-region

Smaller dnnlrrlun rqlnn\-# \\ \
tIt L iy II|.

) Forward higs| [ | o\~ — e Reverse bias
Fig. 19.4: Forward and reverse biasing of a PN junction showing changes in depletion region




The typical'cvrrenl voltage (I-V)
characteristic curve of a diode is shown in ﬁ'gﬂ B
19.5. In this graph, the diode Qnﬂ\in{tsx !

'L.-"'|

significant current anly '&ﬁw
in reverse bias, |t Elrrcnt almnst

completely. Rﬁ‘ﬂﬁb}a&m of diodes is important
for their use in circuits such as rectifiers,

voltage regulators, and electronic switches. | Fig.19.5: 1-V graph of a semiconductor diode
Q.6: What is Light-Emitting Diode (LED)? Aiso explain about the semiconductor
device.
Ans. Light-Emitting Diode (LED) Principle:
A Light-Emitting Diode (LED) is a
semiconductor device that allows electric current to Anode Cathode
flow in one direction, like a typical diode, and
emits light when electrons recombine with hdles.

Symbol: The symbol of LED is shown in Fig. 19.6. &qu. ;
Construction: It consists of a PN-junction m matcrials When
the LED is connected in a forward bi 3Lﬁimj\ h juces thc depletion region
and allows the flow of ¢ ;pi;s ﬁlﬁctmn A.s electrons from the N-type
material move across h holes in the P- -lype material, energy is released
in the form o Rﬁﬂﬂgng visible light.

Working F ard bias: The working of an LED under forward bias condition is |

shown in Fig. 19.7(a). Here, a simple circuit diagram demonstrates the LED setup with a
resistor R to limit the current, a voltmeter V for the measurement of voltage across the
LED. and an ammeter (mA) in series to measure the current flowing through the circuit.
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Fig 19.7: ﬁnmunqhm@uﬂ 5B}V characteristic curve
For Reverse blls In the T}(t@ﬁ %\aﬁﬂundslxnn (positive to N-side and negative to
P-side), the dep Wtdjcns. preventing the flow of current, and as a result, no
light is emifie ercfore, LEDs are designed to function only under forward bias




condition.
The behaviour of the LED can also be unders nd usmg Jlﬁ! t-ﬁ@é\fr}"&’)

characteristic graph as shown in Fig. 19.7-by In: 1 ‘\\ that initially
small current flows as voltage iGe e‘se;/:ﬂ r:ertam “threshold voltage, a

sudden sharp increase incu g in hght emission.

Colour dependency: }\1 T thc l:ght pruduced by an LED depends on the
materials used durn\é its manufacture, affecting the wavelength (and thus the colour) of
the emitted light.

User: LEDs are highly efficient, durable, energy-savmg, and are extensively used in a
variety of applications including radios, lamps, digital clocks, calculators, v ideo displays,
remote controls, and modern hghtmg systems.

Thus, LEDs play an important role in both everyday life and advanced technologies by
efficiently converting electrical cnergy directly into light.

Analog and Diqnal Electronics

Q.7: What is Analog and Digital Electronics? How it works together?

OR Diffirinate between analog and digital electronic.

Ans. Electronic circuits, devices, or systems are mamly divided. i Tﬁ{@‘\ @uﬁﬁﬁ;umi
types. Nanran/ e

Analog Elecronics: In analog cirg UU e L

currents can vary smoothly %@\p

within a certain ran A

Example: For ex n analog meter uses a \_‘v\/ Time

pointer moving OVer a cnntmunus scale to display
readings. These circuits are used in devices like | -

amplifiers and variable resistors, which allow fora +T _“High"
wide range of adjustments, such as dimming a g
lamp to various brightness levels. s “Low"

- - - . % " . u _'
Digital Electronics: In digital circuits, voltages b Time
have only two values: "high" (e.g., 5 V) or "low"

(e.g., near 0 V) (Fig. 19.8-b). These circuits are | -
: St } Fig, 19.8: Comparison of analog and digital

used in switching systems, like a simple ON/OFF signals: (a) analog signal varies continuously

switch for a lamp. While digital electronics were | - Lo ime while (b) digital signal switches
once limited to computers, these are now widely | petween discrete "high" and "low” levels

used in modern telephones, radar systems, industrial machmcs and
household appliances. However, the quaniitje lﬁ%ﬂ ife-'Such as sound or
light, are analog and cannot be L:g/g LII‘CH 1s.

Analog-to-digital Conve %
To bridge thig\g i :ﬁogum-dtgital conveﬂer{ADC}-is_uscd.-




It converts analog signals into digital binary |  Anslogsignal 5 gp e
form for processing by computers (Fig. 19.9).
The ADC works by sampling tkn;

signal at regular mtervalg)a;ﬁ e 8
sample into a binary Fu@%\* fh resents Flg.li.ﬂ:convmer{mq
its voltage ley ’\f { N
0.8: How Atalog data convert to digital data? Explain.

Ans. Conversion from analog to digital data:

Analog data, such as sound or light, is continuous and can take any value within a
range. In contrast, digital systems use binary data (0Os and 1s), which is discrete. To
convert analog data into a digital format, an analog-to-digital converter (ADC) is used.
The process works as follows (Fig. 19.10).

Warking:

1. Sampling: The continuous analog signal is measured at regular intervals,

2. Quantization: Each sampled value is rounded to the nearest predefined level.

3. Encoding: The quantized values are then converted into binary numbers (0s and 1s).
For example, a sound wave (analog) is measured at regular interva ch value is

quantized to the nearest level, and then e:ncndcd into bers. This

process makes the sound wave us,qbler_];ay GIE

processed. a digital-to-an converte Ql AC) ‘ca w: e

analog signal for nutput,{ g

digital systems tﬂw& fe rid, continuous data efficiently.

Output

binary data back into an

Flow r.hart{\jj
Continuous time : Digital
—)— Sampler ¥ Quantizer —p Encoder —$
analog signal Discrete time Quantized signal

_ analog signal Signal
Fig. 19.10: Basic steps of analog-to-digital conversion

BEE]  Boolean Logic

Q.9: What is boolean logic? Also explain about Boolean algebra and its uses.
Ans. Boolean logic:

Boolean logic is a system of true/false reasoning. It treats values as just two states

true or false (often | or 0). It uses operations like AND, OR, NOT.
Binary variable: o\

A binary variable has only two possible states, h.k\ m @:ﬁ&%;“-‘:ilher ON
(closed) or OFF (open). These states a;e :; d 0 respectively. For
example. in a circuit with a\bane;ry aﬁ\;l\ Jstatf: of the switch (open or
closed) is the mpul, and \p‘h FF or ON} is the output. When the switch is

open (input = nmf and the lamp is OFF i.e; the output is zero. However,
éd (input =

when the SWik 1), the lamp turns ON and the output is 1 (Fig. 19.11).

Yas computcrs Once

sound through a speaker. This process enables




B e S b, ol R e —— —
Boolean algebra: To understand how inputs affect outputs, George” olede ﬂ%ed

o

Boolean algebra, the foundation of digital electronics| m ,(\@iﬁh:ﬁscs binary
values (bits), where each bit is either 0 or 1) 168\ f dihg eight bits. which
represents data in computers. B sed in ADC which converts analog

data (continuous signa}sw iscrete binary values). It also forms the basis
for designing digi }!ﬁ i

\ 3
Uses: Boolean algmc{bra uses three basic logic operations: AND. OR. and NOT. These
operations are implemented using logic gates, which are digital circuits with binary
inputs and outputs. :

Explain: , S T
A logic gate's output can only be high (1) _J_ S T A

or low (0), depending on the conditions at its ”T 5 : 1

input, !

Examples: Fig, 19.11: Binary logic in a circuit (The switch (S)

i.  AND gate gives an output of 1 only if all controls the lamp based on boolean logic-Open
its inputs are 1. (0]« OFF, Closed (1) = ON)

iii, A NOT gate inverts the input (1 becomes 0, and 0 becomes

symbols and truth tables are shown in Fig. 19,12@n @Eﬁ
fah eries with two switches.
n, the lamp only lights up when both

ii. An OR gate gives an output of 1 if at least one input is 1.
a@@muu

AND gate: In the case of the ANDgat
S, and S,, along with a battery.

switches are closed, ' ¢ path %% T T
for current to floWi{) “either switch is open, F L | Open E g::
the current is interrupted. and the lamp v MP? :,zd Open | OFF

remains OFF. This setup models the logic T | Closed | Closed | ON

AND operation, where the output is | only if (a) (b)

both ?l'lpl:lts are'l, The circu.it, switching H&u'::::l‘mm:;]’;fmmu'ﬁ?:::mgm?c
combinations (Fig.19.12(a), and truth table syt < ; =
are illustrated in Fig. 19.12(b). open | Open | OFF
OR gate: For the OR gate, the lamp is| Opan |- Elold LS
connected in a circuit where switches S and _ Closed | Closed | ON
S: are placed in parallel ( Fig. 19.13-a). In (a) (b)

this arrangement, the lamp glows if either or |  Fig.19.13: (a) Circuit representation of OR logic
both switches are closed, as currentcan flow using switches (b) Truth table for OR logic
through at least one path. The lamp remains OFF only when both sﬂiﬁgehes This

models the logic OR operation, where the nutpubis it jm‘ﬂq@ “are 1. The
complete explanation and truth table for the@ ‘ Gl hi:,}"" _ ided in Fig. 19.13(b).
e

Importance in solving comple m se simple logic gates can be
combined to perform co X '

“forming the backbone of modern digital
systems, from co phones. By using Boolean algebra and logic gates, we
can systematically deSign circuits that process binary data efficiently and reliably.




19.4
: o\ O
Q.10: Explain about logic gates. Sj@ ck(ﬁ@ﬁ'
gn

T

to perform these basic logic
functions."

=)
Actual té&bﬁéﬁ: is-applied to digital circuits used to implement logic

functiaqf]f\}u Rk

A logic gate is a basic component of digital circuits that performs logical operations
like AND, OR, and NOT. Most logic gates have two inputs and one output, However, in
the NOT gate, there is only one input and one output. These gates enable digital devices
to process binary data and make decisions. :

Uses: Logic gates are used in everyday devices like smartphones, computers, calculators,
and digital watches. T

AND GATE: The AND gate has two inputs. The output of the AND gate will only be |

(high) if both inputs are 1 (high). In other words, if A and B are two inputs of the AND

gate, then outpt X will be 1 if A=1 and B=l,

Equation: The logic equation for the AND gate is written as X=AB (X equals A AND B)."
Symbol and table: The circuit symbol for AND gate and its truth table are shown in Fig.
19.14 (a) and Fig. 19.14 (b), respectively.

el
e A, | I’Fﬁij\j\g !
Vo=

o\
- A W\ ﬁ ( (b)
) JN HM 0.14: (a) The circuit symbol and (b) Truth table for an AND gate

OR GATE: The OR gate has two inputs. The Al B [Xx=a
output of OR gate will be 0 (low) if both the AD_,_M e el
inputs are 0 (low). In other words, if A=0 and | 8 10| 1
B=0, then X=0, otherwise X=I. s 1fa1] 1
Equation: The logic equation for OR gate is (a) (b)
written as X=A+B (X equals A OR B). i, b {ﬂmmﬂww oy s
Symbol and table: The circuit symbol for OR 55

gate and its truth table are shown in Fig. 19.15 (a) and Fig. 19.15 (b), respectively
NOT GATE: -

NOT gate has single input. It is also called an __,_4% A
inverter as it inverts the in i ie:ifits |4 ﬁf |\ AR
put signal, i.e; if its . @L\_J \
=

input is 1, then the output will 0 and véﬁe nh@ OO : b
Equation: The Logic e “E’,’l{% ° Hg.l?zlﬁ'}{l]'l‘hedrait symholangﬂll Truth
is X=A ' = i
is (equals N?’f’l % \B\j table for NOT gate
NN O
NN VAA

X=A
1
o




L es——— B, - i, "
Symbol and table: The symbol of NOT gate (an 19. Ié—a) ancl thc uﬁrmhlg:rgﬁﬁ@?}ﬁ in
Fig. 19.16 (b). ® _3 \© \ \‘a“ =)
NAND GATE f”?”n \ ” J jue

A NAND gate is a combin &\3 e and NOT gate. The symbol for a
NAND gate is made fro Tg@?l /) \gate along with the bubble circle at its output as
shown in Fig. 19. ITW sl
Equation: The logic équation for the NAND gate is written as X= A.B (read as X equals
NOT A AND B).
Table: From truth table (Fig.19.17-c), we can see that the output is 0 when both inputs A
and B are 1, otherwise output is 1.

- A -} W= AR
AN NOT fomen e o o 1
A—- x -A-B
—— B-—- o 1 e
B— AB X=A.B 1 o i
NAND gate 1 1 o
{al {b}

NOR GATE Fig.19.17 (2% The crcuit symbol (c] Truth table for NAND gate

A NOR gate is an OR gate with a NOT gate at its output (Fig. 19. ]8—} Thc
symbol for a NOR gate is made from an OR gate w:th the mvcrsm?fgck: E&@
output as shown in Fig. 19.18 (b).

Equation: The logic equation for NOR W?‘ ﬁgtﬂek\ %ﬂd as X equals
not A OR B). From truth table {mm—\ﬁl@mim that the output is | when both

inputs A and B are 0, otherwisg

\I‘U\”J”” =
hm!Dnﬁi

MNOR gate
(a\ (hi ()
Fig. 19.18 {a,b}: The circuit symbol (c) Truth table for NOR gate

19.5 Applications of Logic Gates
I:l 11: Write about Application of Logic gates in daily life?

Ans: Burglar Alarm: g
Construction: We can create a simple burglar alarm —

using a single NAND gate, an LDR (Light-Dependent | =
Resistor), a push-button switch (S), and an alarm. The

P

CA - -2
wlo|=|o|m
cle|a|=|p

LDR is connected between one input (B) nf the A ’--'.“".x_“ O) ful
NAND gate and the positive termmal of ;he I j ‘-"H AURS I%FT -

i 0 AR,
wt:lle 'thc pu;h -button switch (S cam:%xJ ﬂ:ﬂ: ~Fag, 19.19: Burglar alarm circuit using
other input (A). 5\. L = NAND gate

Working: NN I\U 0 “*‘
The alarm is' éojnnected to the output of the NAND gate (Fig. 19.19). When light




falls on the LDR. its resistance is low. causing input B to
on the push-button switch

burglar interrupts the light (e.g.. by bl (I/IE
AN ,
utputs low (0) only when both inputs are

causing input B to be low (0). Sim
(S), input A becomes low {()
high (1): otherwise. it (T). This means the alarm will sound if either the light
is blocked {|the-switch is pressed (A = 0). or both events occur simultaneously.
This simpl f et effective circuit ensures the alarm is triggered in response to
unauthorized entry. making it a practical burglar alarm system.
Fire Alarm System ot ,

A fire alarm system detects fire at an early stage by sensing smoke and heat.
triggering an alarm to warn people and provide time to take action.
Construction: It consists of alarm-starting devices (like smoke detectors and heat
sensors), alarm devices (such as sirens). fire control systems (like sprinklers). and power

supplies (Fig. 19.20).
Smoke

sensor A Fire extinguisher P

i:(f@%ver. if the

tance becomes high,

o)
Heat
; senso “
Fig.19 % Clrcd -T.l,lg, i of fire alarm using basic logic gates
Working: The ala 5 gered by sensors such as smoke detectors or heat sensors.
which are 10" detect certain levels of smoke or heat that may indicate a fire. |

While there are advanced and high-cost fire alarm systems available. it is also possible to
make a basic fire alarm using simple components like thermistors. LM358 (Operational
amplifier), germanium diodes, LM34] (Voltage regulator). and NES55 (Timer [C).
Furthermore, a fire alarm system can be constructed using basic logic gates. For instance.
a circuit with logic gates can process inputs from smoke and heat sensors, triggering the
alarm when either of the conditions is met, providing an affordable and efficient fire
detection solution.

DO YOU KNOW? \3

Diodes are Important .
L] The silicon diode is the simplest of all the semiconductor devices. It is also one of the most

important. Without diodes, one can not build electronic equipment.
®  Applications for diodes range from power supplies to cell phones and-gverytH een.

The Meaning of Logic Gates ’ ®) /_Y \X\?‘] [ (EA30
® A gate is a device that performs a y‘mp@ Clma signals.
1 e

° Gates are combined into @ re complicated tasks.
° Logic Gates W‘" designed to perform these basic logic functions.
L ]

Actuallyw ogic is applied to digital circuits used to implement logic functions.

QG e A e g
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FOR YOUR INFORMATION

Fire alarms can be connected to a
“monitoring service ;

There are difterent types of fire

A5 G

. 6 liH W t-hnul;d h-lltnbd Huhﬂn
[ Tidbits G |

A diode is like a one-way road for current allowing it to flow in only one direction and blocks in the
opposite direction.

Unlike normal bulbs, LEDs do not waste much energy as heat. They Instantly glow by simply letting
current flow across a special junction.

Analogue signals are continuous like ocean waves. Digital s-@mls are sh sta t highs
and lows, (1's and 0's). “%mg\

=
Tiny circuits called logic gates act like smart § jﬁﬁﬁ@}%@@j%ﬁéﬂf cnmputm watches,
and phones. (‘:ﬂ == ‘"\‘ﬁ
- o T
Brain Teaser \3 Q \,\U"‘J =

1. Inan LEDWL and produce something surprising. What is released during
this encounter Heat, light, or sound?

Ans. Light is released during this encounter.

2. In Boolean logic, what is the output of an AND gate if one input is 0 and the other is 17
Ans. The output is 0.

3. Show that the circuit given below acts as OR gate.

A

Ans. The circuit acts as an OR gate because the NOR gate followed by and inverter results in the logic
operations A+B. '
Combine the NOR gate and inverter operations.
Substituting the NOR gate output into the inverter input:

K A*B

=X

Apply De Morgan's Law
The double negation cancels out:

X = A+B ~i ;: @r m
%ﬂ ié VYA

Recognize the OR gate operation.

The final output X = A+ represe
4. Show that the circuit giv l@ v 1
LA

A

A




Ans.

The circuit acts as an AND gate because H‘IE uutput X IS Eqﬁvﬁ/]f JNDSB which is
demonstrated through the apphcatmn of De Meng i_\lm-@. andithe p erfies of NOT and NOR
gates. ) ’H 1“‘\1'1J'I

The output X is the !ogmai AND afqi{,;inté A\ arEPH IHE efore, the circuit acts as an AND gate.

A fire alarm must go f \\heﬁ\ élqher%m:ﬂu is detected or heat is detected. Which logic

gate fits this sﬂup?& 1\ “

. The fire, |gofng OFF when either smoke or heat is detected indicates an OR relationship. An

OR gate's Bdtpttt ts HIGH (alarm OFF) if either or both of its mputs (smoke, heat) are HIGH.

Mulnple Choice Questions prepured in the hghl of new Exummufmn Techmques

{KnuwledQE. Understandlﬂgs Application, Analytical & Conceptual)

10.

19.1 Semiconductors

Electronic is a branch of physics that deal with the Sl'l.ld\" of HR&“\E}
(a) flow of electrons (b) ﬂow x_:' -
(c) flow of proton

Semi conductors have eiectnca[\\qgmﬂ"mcﬁilh ﬁ:ﬂ" esh/w

(a) conductors and s p\ u\q?h ;;,U t6)" Insulator and vacuum

(c) conductor an-:i; L I' (d) Metals and alloys

The proc ﬁ npurities to a pure semi conductor is called:

(a) Ann E “ (b) Doping (¢) Heating (d) Diffusion
Which of the following pentavalent impurity?

(a) Boron (b) Gallium (c) Phosphorus (d) Indium
Which impurity is added to form a P-type semi-conductors?

(a) Arsenic (b) Phosphorus (¢) Boron (d) Antimony
Silicon has how many valence electrons?

(a) 2 (b) 3 : (c) 4 (d) 5

The most common used semi-conductor material is: ‘

(a) Silicon (b) Iron (¢) Aluminium (d) Copper

LLX A . Analog and Digital Electronics
Electronic circuits are mamly divided into which two types?
(a) Mechanical and electrical (b) Analog and digital ___M,.;:-.n;‘u’%ﬂ}j
(¢) Input and output (d] AC‘ andi}C '7‘ >\ {_';;-f-‘-‘v'ﬁ-]"'x :
In analog circuits, voltage vanea C \ 1\ H\{"*\ Wera
(a) In steps W' x;’f ﬂ:-& ralues

(¢) Smoothly and contify bhglg{l HH\ \HT W\ {d) R:mdnrnl;-,r

Digital signals I1a{ \f liqu dn}' voltages level?
(a) one |[J|‘~* {h) two (c) Ihl‘E‘E (d) four -




11. Which of the following is an example of a digital signal? @ U \

(a) Sound wave  (b) Light intensity (c) ON:"QEFMW:Q};" ﬁd}i Te#rrbtrature
12. Digital Data is represented in the fnﬁ'ﬁe‘qf\ H \ h_\ VLAY M

(a) Waves (b) Gx‘aﬁh ar \_E{b}ﬁ"lbman ;umber (d) Voltmeter
13. Which device mn Wg]gﬁ,ﬂgdils into digital form?
(a) Amphﬁeﬂr N (b) Transformer
(c) Rectifier (d) Analog to Digital converter
14. In ADC, rounding each sampled value to the nearest predefined level is called.
(a) Quantization  (b) Modulation (¢c) Encoding (d) Sampling

19.3 Boolean Logic
15. Converting quantized values into binary numbers (0s and 1s) is known as.

(a) Sampling (b) Encoding (¢) Quantization (d) Filtering
16. Binary states represented by :

(a) Aand B (b) ON and OFF (c¢) O and ! (d) True and False
17. Which of the following is NOT a basic logic operation?

(a) AND (b) OR (c) NOT (d). IXD( %N\ \
18. What is the output of an AND gate if inputs are 0 and 2 Jl“f ®)

@) 0 (b) 1 @ 2\ T\ \ \ |{B’: e el

19. A logic gateis a has;q

(a) Analog o[y \}J{ "gltal
20. The Houlean‘txpressmn of AND gate is:

(¢) Electrical (d) Mechanical

(a) X=A+B (b) X=AB (c)* X=A (d) X=A-B
21. Logic gates are used in:

(a) Fans (b) Bulb (c) computers (d) motors

1. (a) 2. ©) 3 (b 4. () 8 (&) & (c) 7. a)
8. (b) 9. (c) 10. (b) 11. (c) 12. (¢) 13. (d) 14, (a)
15. (b) 16. (c) 17. (d) 18, ), 19 _iB) 20. (b) 21, (c)

// Additional Short Questions

Short Answer Questions prepured in the Isght of new I S——— niques ‘ /
tual) A

{Knnwledge, Understandmg, npphc:{tmn. _.,I'Ilu‘llﬂy"lt ai & k..nﬂr..ep

Sernu,undumurs

1. Whatis electmnleﬁn |
Ans, Electronics i‘ei >‘branch nf physu:s that deals with the flow of electrons in dewces




and circuits. W

2.  Where does e!ectrumc use? C(J:\ @Cﬂ&

Ans. [t blend technical prﬂclsmn with m ng rise to advancement in
areas such as artlf'mam % energy, and space exploration.

3.  What is semi-co crg

Ans. Semi- c 'ﬁ aterial whose electrical conductivity lies between that of
cnnduct and insulators. e.g. silicon and germanium.

4. Whatis doping?

Ans. Conductivity of semi-conductor can be increased by adding impurities this process
is known as doping.

5. Name types of semi-conductors.

Ans, There are two types of semi-conductors.
(i) N-type semi-conductor.  (ii) P-type semi-conductor.

6. What is p-type semi-conductor?

Ans. In p-type semi-conductors, a trivalent impurity such as boron or gallium is added to

silicon. These atoms have only three valence electrons. So one hond remains
incomplete creating a hole. Holes act as positive charge carrier moving through the

crystal and helping in current conduction. ®
SR

ed diode?

7. Whatis diode?
Ans. Diode is like one way ruad for ¢ @ in only one direction and"
blocks in cppnsue ch :

Ans. 0.3 V voltages required for germanium based diode.
10. Draw schematic diagram of formation of PN Junction.
Ans, R N

1] .
blalé] »
-I-P-l-l

™ Electron

4
-

000000

|Hole

Situation after the formation of deplation region
Fig.19.2: Schematic diagram of formation of PN junction

11. Define Forward bias conductor?

Ans. When P-side is connected to the positive terminal and N-sj

of battery. This condition is known as Forward bi
12. Define Reverse bias conductor
Ans. When P-side is conn pepall - m
battery, the diode is ;@ @ reverse
13. The colour g epend on wlm:h l‘actor"
Ans. The col ight produced by an LED depends on the materials used during its

G@W terminal

N-side to positive terminal of a

-




14,
Ans.

15.

Ans.

16.

Ans.

17.
Ans.

Ans.

19.

Ans.

20. Write uses of logic gate"

Ans.

manufacture, affecting wavelength of emitted light. LR (G
Used of LED's? (O

f - %Lﬂmh J/t @ \
LEDs are hmhh efﬁmant durable, ¢ nghtenqnch used in a

mg\ ﬁ&‘“ﬂlﬂllﬂl clocks, calculators. video
g'htmg system.

Differentiate hetween Analog data and Digital data.

In analog circuit voltages and|In digital circuits voltages have only two
currents can vary smoothly and
continuously within a certain range.

values high or low only two values

These circuits used in switching system.
e.g: It is used in household appliances.

These circuits are used in amplifiers
and variable resistors.
e.g: dimming lamp.

How can analogue data convert to digital data.

Analog data convert digital data by ADC. N AOTHN
2 b - ~ [ ,.{_‘u WU
N I:% 24

19.3

Define binary v.anable"

A binary varlable ha';
OFF. These 51
Explain ANﬁJgate truth tahle
Si S: Lamp
Open Open OFF
Open Closed OFF
Closed Open OFF
Closed Closed ON
Explain truth table of OR gate.
St Sa Lamp
Open Open OFF
Open Closed ON
Closed Open L3 Q: ﬂ]ﬁ:
Closed Closed, . —~\I7\ (o

Logic gates are ﬁw@é :
and digital Qﬁjﬁ

' '\\

EW

Logic Gales
o e

S

dewLes like smart phone computers, calculators
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21. Write truth table of NOR gate and symbolic reprnseWer (0, ﬁ“‘ y

A | X=& Naalniy e
e - 7 “, fjl ﬂ*k;?-""""\' \A ) J
1 O\ \ DS S
22. Draw symbolic re rks\blhl;ﬁu%n of AND gate,
\,\J‘x\]-ﬁ\m ; -
Ans. et

23. Draw symbolic representation of OR gate.

A
Ans. ED—K-MB

A. Multiple Choice Questions
¥ Tick («) the correct answer.
19.1 A diode allows current to flow in:

(a) both directions (b} nmthcr d1r a rrj 0 ﬁa ﬂ
(¢) “one direction only ="
19.2 What is the primary function d ﬁﬁhftt
| e
(a) To block :urrenti& t@}ﬁ.

(b) To emit lig I\I-vneq \ passes in one direction
(¢) To qﬁﬂiﬁl&}ectrma[ signals

(d) To convert li ght into electrical energy
19.3 The output of a two inputs NOR gate is '1', when:

(a) Ais'l'and B is '0f (b) Ais'0'and B is 'l
(c) both A and B are '0 (d) both A and B are 'l"
19.4 The output of a NAND gate is '0", when:
(a) both of its inputs are '0" (b) both of its inputs are 'I'
(c) any of its inputs is '0' (d) any of its inputs is '1"
19.5 How many bits make up a byte in Boolean logic?
(a) 2 (b) 4 (c) 6 (d) 8
191 (c) 192 (b) 193 (c) 19.4 {b} 195 @~ -5 A
— S N t ',I R '> e
"\U ‘&x‘ % ] l -_'

19. l What is the function of a mﬂ E;Br

Ans. [t allow electric current\t ﬂnwhﬁ'l only one dlrectmn (low resistance) and blocks
current m ﬂwwq&hﬁy&ﬂh‘cﬁ'on (high resistance). It is used for rectification (AC to
DC).




19.2 What happens when a diode is forward biased? e\ (t)
Ans. When a diode is forward biased, it conducts furr,qm;eﬁwf,ﬂﬁéﬁ;@jﬁg Ractier
ction

potential decreases and changes carrien cafy s@é@jﬂ
) LSt

19.3 What is the function of an LE ‘!“’_“\ NN

Ans. An LED (Light B_mini;ﬁrﬂié\ ' i&é erts electrical energy into light energy and is
used as an Iqﬁaq@& mination.

19.4 Why does an/LED emit light when current passes through it?

Ans. When current passes, electrons combine with holes, releasing-energy in the form of
light (Photons). e

19.5 What does an analog-to-digital converter (ADC) do?

Ans. An ADC converts analogue signals into digital signals. An analog to digital
converter (ADC) converts a continuous analog signal (e.g. voltage, current) into a
discrete digital representation, :

19.6 What is the difference between analog and digital signals?

Ans.

Analog signals are continuous and can|Digital signals are discrete and
represent information as a sequence of

s —v"_‘f\ — T =
Ans. Boolean logic is a system of lugic’f:}s;ja?%@}m\i 0 and 1) and logical
operations such as AND, %mf‘:}

19.8 What does a NOT k circuit?
Ans. A NOT gate inye fiput signals, if the input is | the output is 0 and if the input
is 0 output is'1.

19.9 What is the role of an AND gate in digital circuits?
Ans. An AND gate gives output | only if all its inputs are 1. if any input 0 the output will
be 0.

| C. Constructed Response Questions

19.1 Why would a diode be damaged if it is. connected in reverse bias with a very
high voltage? What does this tell us about the diode's physical limits?

Ans. A diode is damaged under high reverse bias due to avalanche breakdown, leading
to excessive heat and potential melting of the semiconductor material.
This demonstrates that diodes have a maximum reverse voltage limit determined by
their physical properties and doping concentration. B2

19.2 What makes an LED glow brighter or dimmer depending outh Yoltage
applied? How is this property used in adjustabl cightriess?

Ans. The brightness of an LED is d:tgymﬁgt?\lﬁiﬁﬁt m_ S Clssbnt, which s coritrolled
by the applied voltage. Hi '
e

k ;ﬁ\‘ag;a@. ds to higher current and brighter light.
This property is, fim & tab displays by varying the voltage or current
RNV

supplied ldlgughﬂ




19.3 Why are digital systems more reliable than anﬂogs @MSMHME

signals over long distances? 5‘3'\“"?

Ans. Digital systems are nrc re fﬁiak tems for long-distance
transmission because \;%ﬁ&une € to nmsc can be regenerated to remove
noise accumulatj rpraratc error detection and correction techniques.

19.4 Why u‘\T}\ ate also called an inverter, and how can such a simple
functi ave a major role in digital decision-making?

Ans. A NOT gate is called an inverter because it inverts the input signal.
It plays a major role in digital decision-making by providing the complement of a
signal, énabling the implementation of complex logical functions and conditional
operations.

19.5 Why would a security system use NAND gates instead of OR or AND gates for
certain logical conditions?

Ans. Security systems might use NAND gates due to their universality, which simplifies
design and manufacturing. They are also useful for implementing tamper detection
and active low logic where a '-‘:II' signal indicates an active or triggered state.

I’ @f\

19.1 Explain how the deplenﬂn re orward and reverse
bias. What effect does
Ans. For Answer See #

19.2 Descri D produces light. Also explain how the type of
semiconductor matenal affects the colour of the light.
Ans. For Answer See Q# 6 I

19.3 What is Boolean logic? Discuss its importance in solving complex digital
problems with examples.

Ans. For Answer See Q# 9

19.4 What are logic gates? Describe the working of NAND and OR gates with the
help of truth tables and circuit symbols.

Ans. For Answer See Q # 10

19.5 How does a NOR gate work, and how can it be used to build other basic logic

gates?
O

Ans, For Answer See Q# 10

19.6 How can a burglar alarm be esig @ﬁﬁ@mam and an LDR?

Explain.

ns. or Answ i\ '\_F
Ans. For A e:;i\ﬂq?ﬁj K&\Q‘_ﬁﬁ{gu_.




