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EExxppeerriimmeenntt NNoo.. 11
DDIIGGIITTAALL CCOOUUNNTTEERRSS

AAiimm :: TToo ccoonnssttrruucctt aanndd ssttuuddyy tthhee wwoorrkkiinngg ooff ((ii)) bbiinnaarryy rriippppllee ccoouunntteerrss,, ((iiii)) ddeeccaaddee rriippppllee
ccoouunntteerr

AAppppaarraattuuss:: IICCss::77447766--tthhrreeee,,77440000--oonnee,,77440055--oonnee,,77441100--oonnee;;((22))IICC ppoowweerr ssuuppppllyy ((55VV ,,11AA
SSttaabbiilliizzeedd));;((33)) PPuullsseerr sswwiittcchh uunniitt;;((44))LLaammpp mmoonniittoorriinngg uunniitt;;((55))CClloocckk ggeenneerraattoorr;;((66))LLooggiiccaall lleevveell
sswwiittcchh

Counters:
A digital counter is a set of flip-flops (FFs) whose states change in response to pulses applied at

the input to the counter. Thus, as its name implies, a counter is used to count pulses. A counter
can also be used as a frequency divider to obtain waveforms with frequencies that are specific
functions of the clock frequency. They are also used to perform the timing function as in digital
watches, to create time delays, to produce non-sequential binary counts, to generate pulse trains,
and to act as frequency counters, etc.

Counters may be asynchronous counters or synchronous counters. The term asynchronous
refers to events that do not occur at the same time. Asynchronous counters are also called Ripple
counters. The asynchronous counter has a disadvantage, in so far as the unwanted spikes are
concerned. This limitation is overcome in parallel counters. Propagation delay is a major
disadvantage in asynchronous counters because it limits the rate at which the counter can be
clocked and creates decoding problem.

The term synchronous as applied to counter operation means that the counter is clocked such
that each flip-flop in the counter is triggered at the same time.

Asynchronous counters:
In a asynchronous counter, the flip-flop output transition serves as a source of triggering other

flip-flops. In other words, the CP inputs of all flip-flops are triggered not by the incoming pulses
but rather by the transition that that occurs in other flip-flops. In this section, we present some
asynchronous counters and explain their operation.

Four – Bit Asynchronous Binary Counter:
Four – Bit asynchronous binary counter consists of a series connection of complementing flip-

flops, with the output of each flip-flop connected to the CP input of the next higher-order flip-flop. The
flip-flop lading the least significant bit receives the incoming count pulses. The diagram of a 4 –
bit binary ripple counter is shown in fig 1. All J and K inputs are equal to ‘1’. The small circle in
the CP input indicates that the flip flop complements during a negative-going transition or when
the output to which it is connected goes from 1 to 0.
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To understand the operation of the binary counter, refer to its count sequence given in Table 1. It
is obvious that the lowest order bit A1 must be complemented with each count pulse. Every time
A1 goes from 1 to 0, it complements A2. Every time A2 goes from 1 to 0, it complements A3, and
so on. For example, take the transition from count 0111 to 1000. The arrows in the table
emphasize the transition in this case. A1 is complemented with the count pulse. Since A1 goes
from 1 to 0, it triggers A2 and complements it. As a result, A2 goes from 1 to 0, which in turn
complements A3. A3 now goes from 1 to 0, which complements A4. The output transition of A4,
if connected to a next stage, will not trigger the next flip-flop, since it goes from 0 to 1. The flip-
flops change are at a time in rapid success on, and the signal propagates through the counter in a
ripple fashion. Hence asynchronous counters are sometimes called asynchronous counters.

The 7493A Four – Bit binary counter:-
The 7493A is presented as an example of a specific integrated circuit asynchronous counter.

As the logic diagram in fig 2 shows, this device actually consists of a single flip-flop and a three –
bit asynchronous counter. This arrangement is for flexibility. It can be used as a divide – by-2
device using only the single flip-flop, or it can be used as a modulus – 8 counter using only the
three-bit counter position. This device also provides gated reset inputs, RO(1) and RO(2). When

both of these inputs are HIGH, the counter is RESET to the 0000 state by CLR .

CCoouunntt sseeqquueennccee
CCoonnddiittiioonnss ffoorr ccoommpplleemmeennttiinngg fflliipp--ffllooppss

AA44 AA33 AA22 AA11

00 00 00 00 CCoommpplleemmeenntt AA11

00 00 00 11 CCoommpplleemmeenntt AA11 AA11 wwiillll ggoo ffrroomm 11 ttoo 00 aanndd CCoommpplleemmeenntt AA22

00 00 11 00 CCoommpplleemmeenntt AA11

00 00 11 11 CCoommpplleemmeenntt AA11 AA11 wwiillll ggoo ffrroomm 11 ttoo 00 aanndd CCoommpplleemmeenntt AA22

AA22 wwiillll ggoo ffrroomm 11 ttoo 00 aanndd CCoommpplleemmeenntt AA33

00 11 00 00 CCoommpplleemmeenntt AA11

00 11 00 11 CCoommpplleemmeenntt AA11 AA11 wwiillll ggoo ffrroomm 11 ttoo 00 aanndd CCoommpplleemmeenntt AA22

00 11 11 00 CCoommpplleemmeenntt AA11

00 11 11 11 CCoommpplleemmeenntt AA11 AA11 wwiillll ggoo ffrroomm 11 ttoo 00 aanndd CCoommpplleemmeenntt AA22

AA22 wwiillll ggoo ffrroomm 11 ttoo 00 aanndd CCoommpplleemmeenntt AA33

11 00 00 00 aanndd ssoo oonn …… AA33 wwiillll ggoo ffrroomm 11 ttoo 00 aanndd CCoommpplleemmeenntt AA44

TTaabbllee 11 CCoouunntt sseeqquueennccee ffoorr aa bbiinnaarryy rriippppllee ccoouunntteerr
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Additionally, the 7493A can be used as a four-bit modules-16 counter (counts 0 through 15) by
connecting QA output to the CLK B input as shown in fig 2.

It can also be configured as a decade counter with asynchronous recycling by using the gated
reset inputs for partial decoding of count 1010, as shown in fig 3.

Asynchronous Decade Counters:
Counters with ten states in their sequence are called decade counter. A decade counter with a

count sequence of 0(0000) through 9(1001) is a BCD decade counter because its ten-state
sequence is the BCD code. This type of counter is very useful in display applications in which
BCD is required for conversion to a decimal readout.

A decade counter requires four flip-flops. We will now take a four-bit asynchronous counter
and modify its sequence in order to understand the principle of truncated counters. One method of
achieving this recycling after the count of 9(1001) is to decode count 1010(1010) with a NAND
gate and connect the output of the NAND gate to the clear (CLR) inputs of the flip-flops, as shown
in fig 4.
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Notice that only QB and QD are connected to the NAND gate inputs. This is an example of
partial decoding, in which the two unique states (QB = 1and QD = 0) are sufficient to decode the
count of 1010 because none of the other states (0 through 9) have both QB and QD HIGH at the
same time. When the counter goes into count 1010(1010), the decoding gate output goes LOW and
asynchronously RESETS all of the flip-flops.

The resulting timing diagrams is shown in fig.4 Notice that there is a glitch on the QB wave
form. The reason for this glitch is that QB must first go HIGH before the count of 1010 can be
decoded. Not until several nano seconds after the counter goes to the count of 1010 does the output
of the decoding gate go LOW. Thus, the counter is in the 1010 state for a short time before it is
RESET back to 0000, thus producing the glitch on QB.

Synchronous Counters:
Synchronous counters are distinguished from ripple counters in that clock pulses are applied to

the CP inputs of all flip-flops. The common pulse triggers all the filp-flops simultaneously, rather
than one at a time in succession as in a ripple counter. The decision whether a flip-flop is to be
complemented or not is determined from the values of the J and K inputs at the time of the pulse.
If J = K = 0, the flip-flop remains unchanged. If J = K = 1, the flip-flop complements. In this
section, we present some typical MSI synchronous counters and explain their operation.

Three – Bit Synchronous Binary counter:
Three bit synchronous binary counter is shown in fig 5 and its timing diagram in (fig 6). An

understanding of this counter can be achieved by a careful examination of its sequence of states as
shown in Table 2.
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First , let us look at QA. Notice that QA changes on each clock pulse as we progress from its
original state to its final state and then back to its original state. To produce this operation, FFA
must be held in the toggle mode by constant HIGH on its J and K inputs. Now let us see what QB

does. Notice that it goes to the opposite state following each time QA is a 1. This occurs at CLK2,
CLK4, CLK6 and CLK8. CLK8 causes the counter to recycle. To produce this operation, QA is
connected to the J and K inputs of FFB. When QA is a 1 and a clock pulse occurs. FFB is the
toggle mode and will change state. The other times when QA is a 0, FFB is in the no-change mode
and remains in its present state.

Next, let us see how FFC is made to change at the proper times according to the binary sequence.
Notice that both times QC changes state, it is preceded by the unique condition of both QA and QB

being HIGH. This condition is detected by the AND gate and applied to the J and K inputs of
FFC. Whenever both QA and QB being HIGH, the output of the AND gate makes the J and K
inputs of FFC HIGH, and FFC toggle on the following clock pulse. At all other times, the J and K
inputs of FFC are held LOW by the AND gate output, and FFC does not change state.

Experimental Procedure:
a) Asynchronous Binary up Counter:
Wire the four-bit ripple counter as shown in fig.1 using two IC7476s. Monitor the logic levels at
D,C,B,A using the lamp monitoring units. Feed the counter with the pulser switch. Tie up all clear
inputs and connect to pulser switch. Clear the FFs to read O by momentarily pressing the pulser
switch. Apply sixteen pulses one by one and observe the D,C,B,A outputs and fill in the Table3.

CClloocckk PPuullssee QQCC QQBB QQAA

0
1
2
3
4
5
6
77

0
0
0
0
1
1
1
1

0
0
1
1
0
0
1
1

0
1
0
1
0
1
0
1

TTaabbllee 22 SSttaattee sseeqquueennccee ffoorr aa tthhrreeee--ssttaaggee bbiinnaarryy ccoouunntteerr..
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TTaabbllee 33 AAssyynncchhrroonnoouuss BBiinnaarryy UUpp CCoouunntteerr
IINNPPUUTT DD CC BB AA

00 00 00 00 00
11
22
--
--
--
--
--
--
--
--
--
--
--
--

1166 00 00 00 00 00

Apply 1kHz square wave from the clock generator to the input and observe the output waves at
D,C,B,A using a dual trace CRO

b) Asynchronous Binary down Counter:
1.wire the circuit using two IC 7476s
2.Clear the counter . the D,C,B,A outputs show logic level 1.
3.Enter sixteen clock pulses using PSI and observe the outputs after each input pulse. Enter your

results in a table similar to table 7 .
4. Observe the relation between the input and output waveforms using a dual trace oscilloscope .
Feed the counter with 1kHz signal from the clock generator.

c) Decade Ripple Counter:
Wire the decade ripple counter circuit as shown in fig 4 using two IC7476s and a NAND

gate (IC7400). Feed the counter units with the pulser switch(PSI) and monitor the outputs using
lamp monitors units. Enter ten pulses one by one and note the output levels after each input pulse.
Record your observations in a tabular form.

d)Modulo –3 Counter:
Two FFs are required to construct a modulo-3 counter as shown in fig wire the circuit

using IC7476.Monitor B and A outputs using the lamp monitoring unit. Feed the counter with the
pulser switch. Verify the count sequence .

(e)Modulo –8 synchronous binary counter:
Wire the circuit shown as in fig 5 using two IC7476s and one IC7410 . Feed the input

with positive pulses and monitor C,B,A outputs with the help of the lamp monitoring unit.



AACCHHAARRYYAA NNAAGGAARRJJUUNNAA UUNNIIVVEERRSSIITTYY 77 CCEENNTTRREE FFOORR DDIISSTTAANNCCEE EEDDUUCCAATTIIOONN

Precautions:
1. Verify the proper functioning of individual logic components used in the circuit before using
them in the circuit

Results : The working the logic circuit for the decade counter is is as per the truth table.
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EExxppeerriimmeenntt NNoo.. 22

SSHHIIFFTT RREEGGIISSTTEERRSS

AAiimm:: TToo ssttuuddyy tthhee wwoorrkkiinngg ooff ffoouurr bbiitt sshhiifftt rreeggiisstteerr

AAppppaarraattuuss :: TTwwoo II CC 77447766 ,, OOnnee II CC 77440055 OOrr 77440000 ,, PPoowweerr ssuuppppllyy ,, BBrreeaadd bbooaarrdd

Shift Register:

Shift registers are very important in applications involving the storage and transfer of data in

digital system. A register, in general, is used solely for storing and shifting data (1s and 0s)

entered into it from all external sources and possesses no characteristic internal sequence of states.

The storage capability of a register is one of its two basic functional characteristics and makes it

an important type of memory device.

Registers are commonly used for the temporary storage of data within a digital system. The

shift capability of a register permits the movement of data from stage to stage within the register

or into or out of the register upon application of clock pulses.

Fig 1 shows symbolically the types of data movement in shift register operations. The block

represents any arbitrary four-bit register, and the arrow indicates the direction and type of data

movement.

FFiigguurree 11 :: BBaassiicc ddaattaa mmoovveemmeenntt iinn rreeggiisstteerrss..

DDaattaa bbiittss

((aa)) SSeerriiaall sshhiifftt rriigghhtt,, tthheenn oouutt..

DDaattaa bbiittss

((bb)) SSeerriiaall sshhiifftt lleefftt,, tthheenn oouutt..

((cc)) PPaarraalllleell sshhiifftt iinn..

DDaattaa bbiittss

DDaattaa bbiittss

((dd)) PPaarraalllleell sshhiifftt oouutt.. ((ee)) RRoottaattee rriigghhtt ((ff)) RRoottaattee lleefftt
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Serial In – Serial out Shift Register:

This type of shift register accepts data serially, i.e. one bit at a time, and also outputs data

serially. The logic diagram of a 4 – bit serial – in, serial – out, shift register is shown in fig 2.

with four stages, i.e., four flip –flops, the register can store up to four bits of data.

Serial data is applied at the D input of the first Flip-Flop (FF). The Q output of the first FF is

connected to the D input of the second FF, the Q output of the second FF is connected to the D

input of the third FF and the Q output of the third FF is connected to the D input of the fourth FF.

The data is outputted from the Q terminal of the last FF.

When serial data is transferred into a register, each new bit is clocked into the first FF at the

positive – going edge of each clock pulse. The bit that was previously stored by the first FF is

transferred to the second FF. The bit that was stored by the second FF is transferred to the third

FF, and so on. The bit that was stored by the last FF is shifted out.

Fig 3 and table 1 illustrate this process to store the data bits 0101 in the register. Initially all the

FFs are reset, i.e., Q1 = 0, Q2 = 0, Q3 = 0 and Q4 = 0.

The right most bit ‘1’ is applied at the D1 input of FF1. At the positive – going edge of the first

clock pulse, this ‘1’ is shifted into FF1 and all other FFs store their respective bits at the D inputs.

Therefore, Q1 = 1, Q2 = 0, Q3 = 0 and Q4 = 0, after the first clock pulse.

Then a ‘0’ is applied at the D1 input of FF1. At the positive – going edge of the second clock

pulse, this ‘0’ is shifted to Q1 of FF1 and the D inputs of all other FFs are also shifted to their

respective outputs. Therefore Q1 = 0, Q2 = 1, Q3 = 0 and Q4 = 0, after the second clock pulse.

CCLLKK

SSeerriiaall
iinnppuutt

SSeerriiaall
oouuttppuutt

FFiigguurree 22 –– bbiitt sseerriiaall –– iinn,, sseerriiaall –– oouutt,, sshhiifftt rreeggiisstteerr

DD11 QQ11 DD22 QQ22 DD33 QQ33 DD44 QQ44

CCLLKK

Serial input SSeerriiaall oouuttppuuttDD11 QQ11

FFFF11

DD22 QQ22

FFFF33

DD33 QQ33

FFFF33

DD44 QQ44

FFFF44

11 00 00 00 00

((aa)) IInniittiiaall ssttaatteess ((00000000))
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Then a ‘1’ is applied at the D1 input of FF1. At the positive – going edge of the third clock pulse,

this ‘1’ is shifted into Q1 of FF1 and the D inputs of all other FFs are also shifted to their respective

outputs. Therefore, Q1 = 1, Q2 = 0, Q3 = 1 and Q4 = 0, after the third clock pulse.

Then a ‘0’ is applied at the D1 input of FF1. At the positive – going edge of the fourth clock

pulse, this ‘0’ is shifted into Q1 of FF1 and the D inputs of all other FFs are also shifted to their

respective outputs. Therefore, Q1 = 0, Q2 = 1, Q3 = 0 and Q4 = 1, after the third clock pulse, this

‘0’ is shifted to Q1 of FF1 and the D inputs of all other FFS are also shifted to their respective

outputs. Therefore,

CCLLKK

Serial input SSeerriiaall oouuttppuuttDD11 QQ11

FFFF11

DD22 QQ22

FFFF33

DD33 QQ33

FFFF33

DD44 QQ44

FFFF44

00 11 00 00 00

((bb)) AAfftteerr tthhee ffiirrsstt cclloocckk ppuullssee ((11000000))

CCLLKK

Serial input SSeerriiaall oouuttppuuttDD11 QQ11

FFFF11

DD22 QQ22
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DD33 QQ33

FFFF33

DD44 QQ44

FFFF44

11 00 11 00 00

((cc)) AAfftteerr tthhee sseeccoonndd cclloocckk ppuullssee ((00110000))
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((dd)) AAfftteerr tthhee tthhiirrdd cclloocckk ppuullssee ((11001100))

FFiigg33 LLooaaddiinngg ooff tthhee 44 –– bbiitt sseerriiaall –– iinn,, sseerriiaall –– oouutt,, sshhiifftt rreeggiisstteerr

CCLLKK
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((ee)) AAfftteerr tthhee ffoouurrtthh cclloocckk ppuullssee ((00110011))

AAfftteerr cclloocckk ppuullssee SSeerriiaall iinnppuutt QQ11 QQ22 QQ33 QQ44
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TTaabbllee 11 SShhiiffttiinngg iinn tthhee ddaattaa 00110011 sseerriiaallllyy..

IInniittiiaall ssttaatteess
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Q1 = 0, Q2 = 1, Q3 = 0 and Q4 = 1, after the fourth clock pulse.

This completes the serial entry of 0101 into the 4-bit register fig 4 shows the timing diagram of the

loading of serial input 0101 into the 4-bit serial-in, serial-out, shift register.

The shifting out of the stored data 0101 serially from the register is illustrated in table 2 . It

requires four clock pulses to shift out the 4-bit stored data.

Serial In, Parallel – out Shift Register:

In this type of register, the data bits are entered into the register serially, but the data stored in

the register is shifted out in parallel form. Fig 5 shows the logic diagram and the logic symbol of a

4-bit serial – in, parallel – out shift register.

Once the data bits are stored, each bit appears on its respective output line and all bits are

available simultaneously, rather than on a bit-by-bit basis as with the serial output. The serial – in,

parallel-out, shift register can be used as a serial-in, serial-out, shift register, if the output is taken

from the Q terminal of the last FF.

QQ11

QQ22

QQ33

QQ44

CCLLKK

SSeerriiaall iinnppuutt

tt

tt

tt

tt

tt

tt

Fig 4 Timing diagram showing the loading of the serial input
0101 into the 4 – bit Serial-in, Serial-out, shift register.
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00

11
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TTaabbllee 22 SShhiiffttiinngg iinn tthhee ddaattaa 00110011 sseerriiaallllyy..
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Parallel In, Serial – Out Shift Register:

In parallel – in, serial-out, shift register, the data bits are entered simultaneously into their

respective stages on parallel lines, rather than on a bit-by-bit basis on one line as with serial data

inputs, but the data bits are transferred out of the register serially, i.e., on a bit-by-bit basis over a

single line.

Fig 6 illustrates a 4-bit parallel-in, serial out, shift register using D flip-flops. There are four

data lines A, B, C and D through which the data is entered into the register in parallel form. The

signal shift / load allows (a) the data to be entered in parallel form into the register and (b) the data

to be shifted out serially from terminal Q4.

When Shift / Load line is high, gates G1, G2 and G3 are disabled, but gates G4, G5 and G6 are

enabled allowing the data bits to shift – right from one stage to the next. When Shift / Load line is

low, gates G4, G5 and G6 are disabled, whereas gates G1, G2 and G3 are enabled allowing the data

input to appear at the D inputs of the respective flip-flops. When a clock pulse is applied, these

data bits are shifted to the Q output terminals of the flip-flops and therefore, data is inputted in one

step. The OR gate allows either the normal shifting operation or the parallel data entry depending

on which AND gates are enabled by the level on the Shift / Load input.

FFiigg ((55)) 44 –– bbiitt sseerriiaall -- iinn,, ppaarraalllleell -- oouutt,, sshhiifftt rreeggiisstteerr..

CCLLKK

Data input DD11 QQAA

FFFF11

DD22 QQBB

FFFF33

DD33 QQCC

FFFF33

DD44 QQDD

FFFF44

QQBB QQCC QQDD

((aa)) LLooggiicc ddiiaaggrraamm

QQAA

Data input SSRRGG --44

QQDDQQCCQQBBQQAA

CCLLKK

((bb)) LLooggiicc ssyymmbbooll
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Parallel In, Parallel – out Shift Register:

CCLLKK

Shift / Load

CC

((aa)) LLooggiicc ddiiaaggrraamm

DD11 QQ11

FFFF11

DD22 QQ22

FFFF33

DD33 QQ33

FFFF33

DD44 QQDD

FFFF44

GG11 GG22 GG33GG44 GG55 GG66

AA BB DD

Data outSSRRGG --44

AA DDCCBB

CCLLKK

((bb)) LLooggiicc ssyymmbbooll

Shift / Load

Fig 6 A 4-bit parallel, serial – out, shift register.

CCLLKK

FFiigguurree 77 LLooggiicc ddiiaaggrraamm ooff aa 44 –– bbiitt ppaarraalllleell ––
iinn,, ppaarraalllleell –– oouutt,, sshhiifftt rreeggiisstteerr
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In a parallel – in, parallel – out, shift register, the data is entered into the register in parallel

form, and also the data is taken out of the register in parallel form. Immediately following the

simultaneous entry of all data bits, the bits appear on the parallel outputs.

Fig 7 shows a 4-bit parallel-in, parallel-out, shift register using D Flip-Flops. Data is applied to

the D input terminals of the flip-flops. When a clock pulse is applied, at the positive going edge of

that pulse, the D inputs are shifted in to the Q outputs of the Flip-Flops. The register now stores

the data. The stored data is available instantaneously for shifting out in parallel form.

Bi-directional Shifter:

A bidirectional shift register is one in which the data bits can be shifted from left to right or

from right to left.

Fig 8 shows the logic diagram of a 4-bit serial-in, serial-out, bi-directional shift register.

Right/Left is the mode signal.

When Right / tLef is a 1, the logic circuit works as a shift-right shift register. When Right / tLef

is a 0, it works as a shift – left register. The bidirectional operation is achieved by using the mode

signal and two AND gates and one OR gate for each stage as shown in fig 8.

A HIGH on the Right / tLef control input enables the AND gates G1, G2, G3 and G4 and

disables the AND gates G5, G6, G7and G8 and the state of Q output of each FF is passed through

the gate to the D input of the following FF. When a clock pulse occurs, the data bits are then

effectively shifted one place to the right. A low on the Right / tLef control input enables the AND

gates G5, G6, G7and G8 and disables the AND gates G1, G2, G3 and G4 and the Q output of each

FFiigg 88 LLooggiicc ddiiaaggrraamm ooff aa 44 –– bbiitt bbii--ddiirreeccttiioonnaall sshhiifftt rreeggiisstteerr..

CCLLKK

DDiinn

DD11 QQ11

FFFF11

DD22 QQ22

FFFF22

DD33 QQ33

FFFF33

DD44 QQ44

FFFF44

GG22
GG33 GG44GG66

RRiigghhtt // LLeefftt

QQ44

GG11
GG55 GG77 GG88
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Flip-Flop is passed to the D input of the preceding FF. When a clock pulse occurs, the data bits

are then effectively shifted one place to the left. Hence, the circuit works as a bidirectional shift

register.

Universal Shift Register:

A universal shift Register is a bidirectional register, whose input can be either in serial form or in

parallel form and whose output also can be either in serial form or in parallel form.

Fig 9 shows the logic diagrams of the 74194 4-bit universal shift register. The output of each

flip-flop is routed through AOI logic to the stage on its right and to the stage on its left. The mode

control inputs, S0 and S1 are used to enable the left-to-right connections. When it is desired to

shift-right, and the right-to-left connections. When it is desired to Shift-Left.

SS QQAA

RR
CCLL RR

SS QQBB

RR
CCLL RR

SS QQCC

RR
CCLL RR

SS QQDD

RR
CCLL RR

PPaarraalllleell oouuttppuutt

PPaarraalllleell iinnppuutt

Shift –left
serial input

AA BB CC DD

CCLLRR

CCLLKK

MMooddee SS11

ccoonnttrrooll
iinnppuuttss SS00

Shift –right
serial input

QQDDQQAA QQBB
QQCC

IInnppuuttss
SS11 SS00

CClloocckk AAccttiioonn

00 00
00 11
11 00
11 11

XX
mm
mm
mm

NNoo cchhaannggee
SShhiifftt--rriigghhtt
SShhiifftt--lleefftt
PPaarraalllleell llooaadd

((bb))TTrruutthh TTaabbllee

FFiigg 99 TThhee 7744119944 44––bbiitt uunniivveerrssaall sshhiifftt rreeggiisstteerr..

((aa)) LLooggiicc ddiiaaggrraamm
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The truth table (tabl3 3) shows that no shifting occurs when S0 and S1 are both LOW or both

HIGH. When S0 = S1 =0, there is no change in the contents of the register, and when S0 = S1 = 1,

the parallel input data A, B, C and D are loaded into the register on the rising edge of the clock

pulse. The combination S0 = S1 =0 is said to inhibit the loading of serial or parallel data, since the

register contents cannot change under that condition. The register has an asynchronous active –

LOW clear input, which can be used to reset all the flip-flops irrespective of the clock and any

serial or parallel inputs.

Procedure :

Serial in – serial out shift register :

Using two 7476 Ics form 4 D-Flip flops and connect them as shown in Fig 2. to form a serial in

serial out 4-bit shift register . Clear all the outputs by entering the reset pulse. All the outputs

show level 0. Feed the clock input with the pulser switch `and monitor the logic levels of the

output Q3 using the lamp monitoring unit. The J input of the flip – flop (FF0) is connected to

the logic switch to provide information bits. Verify the truth table following the method described

in theory.

Serial in parallel out shift register :

Using two 7476 Ics form 4 D-Flip flops and connect them as shown in Fig 5. to form a serial in

parallel out 4-bit shift register . Clear all the outputs by entering the reset pulse. All the outputs

show level 0. Feed the clock input with the pulser switch `and monitor the logic levels of the

outputs Q0,Q1,Q2 and Q3 using the lamp monitoring unit. The J input of the flip – flop (FF0)

is connected to the logic switch to provide information bits. Verify the truth table following the

method described in theory.

Parallel in serial out shift register :

Using two 7476 Ics form 4 D-Flip flops and connect them as shown in Fig 7. to form a parallel in

serial out 4-bit shift register . Clear all the outputs by entering the reset pulse. All the outputs

show level 0. Feed the clock input with the pulser switch `and monitor the logic levels of the

output Q3 using the lamp monitoring unit. Each of the inputs of the flip – flops A,B,C and D

are preset with one bit data by connecting them to logic switches to provide information bits.

Verify the truth table following the method described in theory.
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Parallel in- parallel out shift register :

Using two 7476 ICs form 4 D-Flip flops and connect them as shown in Fig 7. to form a parallel in

serial out 4-bit shift register . Clear all the outputs by entering the reset pulse. All the outputs

show level 0. Feed the clock input with the pulser switch `and monitor the logic levels of the

outputs Q0,Q1,Q2 and Q3 using the lamp monitoring unit. Each of the inputs of the flip – flops

A,B,C and D are preset with one bit data by connecting them to logic switches to provide

information bits. Verify the truth table following the method described in theory.

Bi directional shift register :

Using two 7476 Ics form 4 D-Flip flops .Using one AND gate IC and two OR gate Ics connect

the circuit as shown in Fig 8. to form a 4-bit bi directional shift register . Clear all the outputs

by entering the reset pulse. All the outputs show level 0. Feed the clock input with the pulser

switch `and monitor the logic levels of the output Q3 using the lamp monitoring unit. The D

in input is connected to the logic switch to provide information bits. Verify the truth table

following the method described in theory.

Universal shift register : Using a 74194 IC connect various logics to various pins as shown in fig

9. Using S0 and S1 controls and using the method given in theory test the various modes of

operation of the Universal shift register and verify the truth table in each mode.

Precautions:

1. Avoid the loose contacts

2. Check proper working of the individual ICs before use

3. Make the perfect contact in breadboard

4. See that all ground points have common ground

5. Use different color wires for clear identification of various signals

Result: The circuits are assembled properly and the results are as per truth tables.
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EExxppeerriimmeenntt NNoo.. 33

RR--CC ccoouupplleedd SSiinnggllee ssttaaggee CCoommmmoonn ssoouurrccee FFEETT aammpplliiffiieerr

AAiimm:: --TToo ccoonnssttrruucctt aann RRCC ccoouupplleedd aammpp ((FFEETT vveerrssiioonn)) aanndd ssttuuddyy iittss ffrreeqquueennccyy rreessppoonnssee wwiitthh aanndd
wwiitthh oouutt ffeeeeddbbaacckk..

AAppppaarraattuuss:: -- FFiieelldd EEffffeecctt TTrraannssiissttoorr BBFFWW 1100,, rreessiissttaanncceess3333kk,,22..22kk,,11kk,,1100kk,,

CCaappaacciittaanncceess ..22ff,,22ff,,5500ff//6655VV,, SSiiggnnaall ggeenneerraattoorr,, DDCC PPoowweerr ssuuppppllyy

TThheeoorryy:: --
AAnn aammpplliiffiieerr iiss aa ddeevviiccee bbyy wwhhiicchh oonnee ppaarraammeetteerr lliikkee vvoollttaaggee,, ccuurrrreenntt oorr ppoowweerr ooff tthhee ggiivveenn

ssiiggnnaall aatt iinnppuutt cciirrccuuiitt ccaann bbee iinnccrreeaasseedd aanndd oobbttaaiinneedd aatt tthhee oouuttppuutt tteerrmmiinnaallss bbyy pprrooppeerr sseelleeccttiioonn ooff
tthhee ooppeerraattiinngg ppooiinntt ooff tthhee ttrraannssiissttoorr.. TThheerree aarree sseevveerraall ttyyppeess ooff ccllaassssiiffiiccaattiioonnss ooff aammpplliiffiieerrss bbaassiinngg
oonn
11..PPuurrppoossee:: ((VVoollttaaggee aammpplliiffiieerr,, ccuurrrreenntt aammpplliiffiieerr.. PPoowweerr aammpplliiffiieerr))
22.. CCoouupplliinngg cciirrccuuiitt:: RRCC ccoouupplleedd ,, IInndduuccttaannccee ccoouupplleedd,, TTrraannssffoorrmmeerr ccoouupplleedd
33..OOppeerraattiinngg ppooiinntt ((CCllaassss AA,, CCllaassss BB,, CCllaassss CC,, CCllaassss AABB))
IInn oorrddeerr ttoo hhaavvee vveerryy hhiigghh aammpplliiffiiccaattiioonn,, wwee hhaavvee ttoo uussee mmuullttiissttaaggee aammpplliiffiieerrss.. HHeerree wwee ttaakkee aa
ssiinnggllee ssttaaggee aammpplliiffiieerr aanndd ssttuuddyy iittss ppeerrffoorrmmaannccee.. IIff aa ffrraaccttiioonn ooff tthhee oouuttppuutt ((ccuurrrreenntt oorr vvoollttaaggee)) iiss
ttaakkeenn aanndd ffeedd ttoo tthhee iinnppuutt ooff ttrraannssiissttoorr aalloonngg wwiitthh tthhee iinnppuutt iitt iiss ccaalllleedd ffeeeeddbbaacckk aammpplliiffiieerr..

RRCC ccoouupplleedd aammpplliiffiieerr ccaann aallssoo bbee ffoorrmmeedd uussiinngg BBii jjuunnccttiioonn ttrraannssiissttoorrss aanndd FFiieelldd eeffffeecctt
ttrraannssiissttoorrss.. RRCC ccoouupplleedd aammpplliiffiieerr bbaasseedd oonn BBJJTT wwaass ccoovveerreedd aallrreeaaddyy iinn tthhee ffiirrsstt yyeeaarr ccoouurrssee..
HHeerree wwee ccoonnssttrruucctt aann RRCC ccoouupplleedd aammpplliiffiieerr bbaasseedd oonn FFEETT aanndd ssttuuddyy iittss ppeerrffoorrmmaannccee..
TThhee ssttaattiicc cchhaarraacctteerriissttiiccss ooff FFEETT BBFFWW 1100 wwaass ssttuuddiieedd iinn tthhee ffiirrsstt yyeeaarr ccoouurrssee.. WWee rreepprroodduuccee
hheerree ssoommee uusseeffuull iinnffoorrmmaattiioonn aabboouutt FFEETTss

FFEETT iiss aa tthhrreeee tteerrmmiinnaall ddeevviiccee.. FFEETT’’ss ccaann bbee cchhaarraacctteerriizzeedd iinn ttwwoo mmaaiinn ccaatteeggoorriieess lliikkee
JJFFEETT((JJuunnccttiioonn FFiieelldd EEffffeecctt TTrraannssiissttoorr)) aanndd MMOOSSFFEETT((MMeettaall OOxxiiddee FFiieelldd sseemmiiccoonndduuccttoorr)).. HHeerree wwee
ssttuuddyy tthhee JJFFEETT cchhaarraacctteerriissttiiccss.. JJFFEETT’’ss aarree ffuurrtthheerr ooff ttwwoo ttyyppeess nn--cchhaannnneell ttyyppee aanndd pp--cchhaannnneell ttyyppee..

MMaaiinn ffeeaattuurree ooff JJFFEETT::--
11.. IItt iiss aa uunnii ppoollaarr tthhrreeee tteerrmmiinnaall ddeevviiccee,, wwhhiicchh ssoolleellyy ddeeppeennddss oonn tthhee ccoonndduuccttiioonn ooff eeiitthheerr ooff

eelleeccttrroonnss oorr hhoolleess..
22.. IInn tthhee ooppeerraattiioonn ooff tthhiiss tthhee eelleeccttrriicc ffiieelldd eessttaabblliisshheedd bbyy tthhee cchhaarrggeess ccoonnttrroollss tthhee ccoonndduuccttiioonn;;

hheennccee tthhee nnaammee FFiieelldd EEffffeecctt TTrraannssiissttoorr..
33.. FFiieelldd EEffffeecctt TTrraannssiissttoorr iiss aann vvoollttaaggee ccoonnttrrooll ddeevviiccee wwhheerree aass BBJJTT iiss aa ccuurrrreenntt ccoonnttrrooll

ddeevviiccee.. TThhee oouuttppuutt ccuurrrreenntt iinn tthhee BBJJTT iiss ccoonnttrroolllleedd bbyy tthhee iinnppuutt ccuurrrreenntt lleevveell wwhheerree aass tthhee
oouuttppuutt ccuurrrreenntt iinn FFEETT iiss ccoonnttrroolllleedd bbyy tthhee aapppplliieedd vvoollttaaggee iinn tthhee iinnppuutt cciirrccuuiitt..

44.. TThheerree aarree ttwwoo ttyyppeess ooff BBJJTT ii..ee pp--nn--pp aanndd nn--pp--nn.. SSiimmiillaarrllyy FFEETT iiss ooff ttwwoo ttyyppeess pp--cchhaannnneell
FFEETT aanndd nn--cchhaannnneell FFEETT..

55.. GGaattee--ssoouurrccee jjuunnccttiioonn iiss ggeenneerraallllyy rreevveerrssee bbiiaasseedd aanndd ggaattee ddrraaiinn jjuunnccttiioonn iiss ffoorrwwaarrdd bbiiaasseedd..
66.. TThhee eeffffeeccttiivvee cchhaannnneell wwiiddtthh,, wwhhiicchh aalllloowwss ccuurrrreenntt ffllooww,, iiss ccoonnttrroolllleedd bbyy rreevveerrssee bbiiaassiinngg

tthhee ggaattee ssoouurrccee jjuunnccttiioonn,, wwhhiicchh cchhaannggeess tthhee wwiiddtthh ooff tthhee ssppaaccee cchhaarrggee iinn tthhee cchhaannnneell..
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77.. TThhee rreevveerrssee bbiiaass vvoollttaaggee ggiivveenn ttoo ggaattee-- ssoouurrccee jjuunnccttiioonn,, wwhhiicchh jjuusstt pprreevveennttss tthhee ccuurrrreenntt
ffllooww ffrroomm tthhee ssoouurrccee ttoo ddrraaiinn iiss ccaalllleedd ““ppiinncchh ooffff vvoollttaaggee””..

88.. TThhee rreevveerrssee bbiiaassiinngg eeffffeecctt ooff tthhee ggaattee wwiillll bbee mmoorree aatt tthhee ddrraaiinn eenndd.. AAss ddrraaiinn ccuurrrreenntt iiss
iinnccrreeaasseedd bbyy iinnccrreeaassiinngg tthhee ddrraaiinn vvoollttaaggee tthhee rreevveerrssee bbiiaass vvoollttaaggee aappppeeaarriinngg aatt tthhee ddrraaiinn
eenndd ((ggaattee -- ddrraaiinn eenndd)) aatt ssoommee vvaalluuee ooff VVaa tthhiiss eexxcceeeeddss tthhee rreevveerrssee bbrreeaakkddoowwnn vvaalluuee..TThheenn
aann aavvaallaanncchhee ccuurrrreenntt wwiillll ffllooww wwhhiicchh iiss vveerryy llaarrggee TThhiiss iiss ccaalllleedd bbrreeaakkddoowwnn rreeggiioonn..

PPaarraammeetteerrss ooff FFEETT::--
11.. DDyynnaammiicc DDrraaiinn rreessiissttaannccee ((rrdd))::-- DDyynnaammiicc ddrraaiinn rreessiissttaannccee aatt aann ooppeerraattiinngg ppooiinntt iiss

ddeeffiinneedd aass tthhee rraattiioo ooff ssmmaallll cchhaannggee iinn ddrraaiinn vvoollttaaggee ttoo tthhee ccoorrrreessppoonnddiinngg cchhaannggee iinn
tthhee ddrraaiinn ccuurrrreenntt ,, wwhheenn tthhee ggaattee vvoollttaaggee iiss kkeepptt ccoonnssttaanntt..

rrdd == ((ΔΔVVDDSS)) // ((ΔΔ IIDD)) VVGGSS bbeeiinngg ccoonnssttaanntt..
TThhee ttyyppiiccaall vvaalluuee ooff rrdd iiss 440000ΩΩ((oohhmmss))..

22.. MMuuttuuaall CCoonndduuccttaannccee oorr TTrraannss ccoonndduuccttaannccee ((ggmm))::-- TThhee ttrraannss-- ccoonndduuccttaannccee aatt aann
ooppeerraattiinngg ppooiinntt iiss ddeeffiinneedd aass tthhee rraattiioo ooff aa ssmmaallll cchhaannggee iinn ddrraaiinn ccuurrrreenntt ttoo tthhee
ccoorrrreessppoonnddiinngg cchhaannggee iinn ggaattee vvoollttaaggee wwhheenn ddrraaiinn vvoollttaaggee iiss kkeepptt ccoonnssttaanntt..
ggmm == ((ΔΔIIDD)) // ((ΔΔVVGGSS)) wwhheenn VVDDSS iiss ccoonnssttaanntt.. TTyyppiiccaall vvaalluuee ooff ggmm iiss 225500μμss ((mmiiccrroo
ssiieemmeenn))..

33.. AAmmpplliiffiiccaattiioonn FFaaccttoorr ((μμ))::-- AAmmpplliiffiiccaattiioonn ffaaccttoorr iiss ddeeffiinneedd aass tthhee rraattiioo ooff ssmmaallll
cchhaannggee iinn ddrraaiinn vvoollttaaggee ttoo tthhee ccoorrrreessppoonnddiinngg cchhaannggee iinn ggaattee vvoollttaaggee wwhheenn ddrraaiinn
ccuurrrreenntt iiss kkeepptt ccoonnssttaanntt..
μμ == ((ΔΔVVDDSS)) // ((ΔΔVVGGSS)) wwhheenn II iiss ccoonnssttaanntt..
 being the ratio of two voltages it has no units. Typical value of amplification

factor of FET is around 10. The above parameters are related by
μμ == (( rrdd)) xx ggmm

TThhee ddrraaiinn aanndd tthhee ssoouurrccee tteerrmmiinnaallss aarree ttaakkeenn ffrroomm nn--cchhaannnneell aanndd ggaattee tteerrmmiinnaall iiss ttaakkeenn ffrroomm pp ttyyppee
mmaatteerriiaall..

SScchheemmaattiicc rreepprreesseennttaattiioonn::--
FFiigg 33sshhoowwss tthhee sscchheemmaattiicc rreepprreesseennttaattiioonn ooff FFEETT

((aa)) ((bb))
FFIIGG 33

TThhee aarrrrooww mmaarrkk oonn tthhee ggaattee tteerrmmiinnaall iinnddiiccaatteess tthhee ddiirreeccttiioonn iinn wwhhiicchh ggaattee ccuurrrreenntt fflloowwss wwhheenn ggaattee
jjuunnccttiioonn iiss ffoorrwwaarrdd bbiiaasseedd.. FFoorr nn--cchhaannnneell FFEETT aarrrrooww iiss sshhoowwnn iinnttoo tthhee ggaattee.. FFoorr pp-- cchhaannnneell FFEETT
aarrrrooww iiss aawwaayy ffrroomm ggaattee..
SSoouurrccee::-- IItt iiss tthhee tteerrmmiinnaall tthhrroouugghh mmaajjoorriittyy cchhaarrggee ccaarrrriieerrss eenntteerr tthhee bbaarr..



AACCHHAARRYYAA NNAAGGAARRJJUUNNAA UUNNIIVVEERRSSIITTYY 33 CCEENNTTRREE FFOORR DDIISSTTAANNCCEE EEDDUUCCAATTIIOONN

DDrraaiinn::-- IItt iiss tthhee tteerrmmiinnaall tthhrroouugghh wwhhiicchh mmaajjoorriittyy cchhaarrggee ccaarrrriieerrss lleeaavvee tthhee bbaarr..
GGaattee::-- IItt iiss tthhee tteerrmmiinnaall wwhhiicchh aannaallooggoouuss ttoo bbaassee tteerrmmiinnaall iinn BBJJTT((BBiippoollaarr JJuunnccttiioonn TTrraannssiissttoorr))

AAnndd ccoonnttrroollss tthhee ffllooww ooff cchhaarrggee ccaarrrriieerrss..
CChhaannnneell::-- TThhee rreeggiioonn bbeettwweeeenn tthhee ssoouurrccee aanndd ddrraaiinn tthhrroouugghh wwhhiicchh mmaajjoorriittyy cchhaarrggee ccaarrrriieerrss mmoovvee..
TThhee wwiiddtthh ooff tthhiiss iiss aaddjjuussttaabbllee bbyy ccoonnttrroolllliinngg tthhee ssppaaccee cchhaarrggee rreeggiioonn iinn iitt..

DDiissttiinnccttiioonn bbeettwweeeenn BBJJTT aanndd FFEETT aammpplliiffiieerrss::
BBJJTT iiss aa BBiippoollaarr DDeevviiccee.. FFEETT iiss aa UUnniippoollaarr ddeevviiccee..
IInn BBJJTT aammpplliiffiieerrss iinnppuutt jjuunnccttiioonn iiss ffoorrwwaarrdd bbiiaasseedd.. IInn FFEETTss iitt iiss rreevveerrssee bbiiaasseedd..
BBJJTT iiss aa ccuurrrreenntt ccoonnttrroolllleedd ddeevviiccee.. FFEETT iiss aa ffiieelldd ccoonnttrroolllleedd ddeevviiccee..
IInnppuutt ccuurrrreenntt ooff BBJJTT wwiillll bbee iinn mmiiccrroo aammppeerreess.. IInn FFEETTss iitt wwiillll bbee iinn nnaannoo ttoo ppiiccoo aammppeerreess..
IInnppuutt rreessiissttaannccee ooff BBJJTT iiss aabboouutt 11kkoohhmm ..FFoorr FFEETT iitt iiss aabboouutt 11 mmeeggaaoohhmm..
TThhee ggaaiinn ooff BBJJTTss iiss hhiigghh.. GGaaiinn ooff FFEETTss iiss ssmmaallll..
AAss tthhee iinnppuutt rreessiissttaannccee ooff FFEETT iiss hhiigghh iinn FFEETT aammpplliiffiieerrss ttoo oobbttaaiinn ssaammee llooww ffrreeqquueennccyy rreessppoonnssee ,,iitt
iiss ssuuffffiicciieenntt iiff wwee uussee vveerryy ssmmaallll ccoouupplliinngg ccaappaacciittoorrss wwhheenn ccoommppaarreedd ttoo tthhee vvaalluueess ccoouupplliinngg
ccaappaacciittoorrss uusseedd iinn BBJJTT aammpplliiffiieerrss..
TThhee ffrreeqquueennccyy rreessppoonnssee ooff FFEETTSS iiss ppoooorr wwhheenn ccoommppaarreedd ttoo BBJJTTss.. HHoowweevveerr tthhee tteecchhnnoollooggyy iiss
bbeeiinngg iimmpprroovveedd ttoo eennhhaannccee ffrreeqquueennccyy rreessppoonnssee aanndd ggaaiinn..
TThhee cchhaarraacctteerriissttiiccss ooff FFEETT aarree mmoorree nnoonn lliinneeaarr wwhheenn ccoommppaarreedd ttoo BBJJTT cchhaarraacctteerriissttiiccss.. HHeennccee FFEETT
aammpplliiffiieerrss pprroodduuccee mmoorree ddiissttoorrttiioonn iinn tthhee oouuttppuutt ssiiggnnaall..
TThhee aammpplliittuuddee ooff iinnppuutt ssiiggnnaall ccaann bbee llaarrggeerr iinn FFEETT aammpplliiffiieerrss wwhheenn ccoommppaarreedd ttoo BBJJTT aammpplliiffiieerrss..

IInn tthhee ccaassee ooff RRCC ccoouupplleedd aammpplliiffiieerr aa ssiinnuussooiiddaall ssiiggnnaall ooff aabboouutt 3300mmVV iiss ggiivveenn aanndd oouuttppuutt
vvoollttaaggee iiss mmeeaassuurreedd.. TThhee vvoollttaaggee aammpplliiffiiccaattiioonn ((AAvv ==VVoouutt//VViinn)) iiss ccaallccuullaatteedd aatt ddiiffffeerreenntt ffrreeqquueenncciieess
aanndd ppllootttteedd aaggaaiinnsstt ffrreeqquueennccyy ..

DD

SS

~~

++VVDDDD

RRDD

CCoouuttRR11

RR22

RRSS
RRLL

es

eeoo

CCSS

CCiinn

FFiigg 11 AA ssiinnggllee ssttaaggee RR--CC ccoouupplleedd aammpplliiffiieerr..
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AAtt llooww ffrreeqquueenncciieess tthhee aammpplliiffiiccaattiioonn iinnccrreeaasseess wwiitthh iinnccrreeaassee ooff ffrreeqquueennccyy aanndd aatt hhiigghh ffrreeqquueenncciieess
iitt ffaallllss wwiitthh tthhee iinnccrreeaassee ooff ffrreeqquueennccyy.. IInn tthhee mmiiddbbaanndd rreeggiioonn ggaaiinn rreemmaaiinnss aass ccoonnssttaanntt.. TThhee cciirrccuuiitt
ddiiaaggrraamm iiss ggiivveenn bbeellooww (( FFIIGG 11)).. TThhee ffrreeqquueennccyy rreessppoonnssee ccuurrvvee iiss sshhoowwnn iinn ffiigg 22

TThhee bbeehhaavviioorr ccaann bbee uunnddeerrssttoooodd aass ffoolllloowwss..

LLooww ffrreeqquueennccyy rreeggiioonn:: TThhee rreeaaccttaannccee ooff ccoouupplliinngg ccaappaacciittoorr iiss qquuiittee hhiigghh((11//CC)) aatt llooww
ffrreeqquueenncciieess aanndd tthhuuss tthhee oouuttppuutt ddeeccrreeaasseess wwiitthh tthhee ddeeccrreeaassee ooff ffrreeqquueennccyy iinn llooww ffrreeqquueennccyy rreeggiioonn..
FFuurrtthheerr,, CCSS ccaannnnoott eeffffeeccttiivveellyy sshhuunntt ttoo ssoouurrccee rreessiissttaannccee RRSS.. TThheessee aarree tthhee ttwwoo rreeaassoonnss tthhaatt ccaauussee
tthhee ffaallll iinn aammpplliiffiiccaattiioonn iinn tthhee llooww ffrreeqquueennccyy rreeggiioonn..

HHiigghh ffrreeqquueennccyy rreeggiioonn:: AAtt hhiigghh ffrreeqquueenncciieess,, tthhee rreeaaccttaannccee ooff ccoouupplliinngg ccaappaacciittoorrss iiss vveerryy ssmmaallll
aanndd tthheeyy ddoo nnoott ooffffeerr rreessiissttaannccee.. IIff tthheerree iiss aa sseeccoonndd ssttaaggee tthhiiss iinnccrreeaasseess tthhee llooaaddiinngg eeffffeecctt aanndd
tthhuuss ddeeccrreeaasseess tthhee ggaaiinn.. FFuurrtthheerr,, ccaappaacciittiivvee rreeaaccttaannccee ooff GGaattee ssoouurrccee jjuunnccttiioonn aatt hhiigghh ffrreeqquueenncciieess
bbeeccoommeess llooww,, wwhhiicchh iinnccrreeaasseess tthhee ggaattee ccuurrrreenntt.. TThhiiss rreedduucceess tthhee aammpplliiffiiccaattiioonn ffaaccttoorr.. BByy tthheessee
rreeaassoonnss,, ggaaiinn ffaallllss aatt tthhee hhiigghh ffrreeqquueennccyy rreeggiioonn..

MMiidd ffrreeqquueennccyy rreeggiioonn:: TThhee vvoollttaaggee ggaaiinn iinn tthhiiss rreeggiioonn rreemmaaiinnss ccoonnssttaanntt.. TThhee ccoouupplliinngg ccaappaacciittoorrss
ooffffeerr zzeerroo rreeaaccttaannccee aabboovvee tthhee lloowweerr ccuutt--ooffff ffrreeqquueennccyy,, aanndd aatt tthhee ssaammee ttiimmee sshhuunntt ccaappaacciittoorrss
ooffffeerr vveerryy hhiigghh aanndd aallmmoosstt ccoonnssttaanntt rreeaaccttaannccee iinnddeeppeennddeenntt ooff ffrreeqquueennccyy uupp ttoo uuppppeerr ccuutt--ooffff
ffrreeqquueennccyy.. SSoo iinn tthhiiss ffrreeqquueennccyy rreeggiioonn ggaaiinn rreemmaaiinnss mmaaxxiimmuumm aanndd ccoonnssttaanntt..

TThhee ffrreeqquueenncciieess wwhheerree tthhee ggaaiinn iiss 7700..77%% ooff tthhee mmaaxxiimmuumm ggaaiinn aarree ccaalllleedd ccuuttooffff ffrreeqquueenncciieess..
TThheerree aarree ttwwoo ssuucchh ffrreeqquueenncciieess ff11 aanndd ff22 oonnee oonn tthhee lloowweerr ffrreeqquueennccyy ssiiddee aanndd tthhee ootthheerr oonn tthhee
hhiigghheerr ffrreeqquueennccyy ssiiddee..

BBaannddwwiiddtthh ==((ff22 ––ff11)).. OOnn ddeecciibbeell ssccaallee tthhee ppoowweerr rreedduuccttiioonn iiss ooff tthhrreeee ddeecciibbeellss..

11..00

00..770077

NNoorrmmaalliizzeedd ggaaiinn –– ffrreeqquueennccyy rreessppoonnssee ccuurrvvee

LLoogg ff

GGaaiinn

FFIIGG22
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PPrroocceedduurree::
PPlloottttiinngg ffrreeqquueennccyy rreessppoonnssee ccuurrvvee ::

CCiirrccuuiitt sshhoouulldd bbee ccoonnnneecctteedd aass sshhoowwnn iinn tthhee ffiigguurree.. 3300mmVV ((ppeeaakk ttoo ppeeaakk)) iiss aapppplliieedd ttoo tthhee
ggaattee ssoouurrccee uussiinngg ssiiggnnaall ggeenneerraattoorr.. NNooww mmeeaassuurree tthhee oouuttppuutt vvoollttaaggee bbyy vvaarryyiinngg tthhee ffrreeqquueennccyy ffrroomm
5500HHzz ttoo 11MMHHzz.. FFiirrsstt tthhee oouuttppuutt vvoollttaaggee iinnccrreeaasseess aanndd rreeaacchheess aa ccoonnssttaanntt vvaalluuee.. IItt rreemmaaiinnss ccoonnssttaanntt
uupp ttoo aa cceerrttaaiinn ffrreeqquueennccyy aanndd tthheenn iitt ddeeccrreeaasseess.. MMeeaassuurree tthhee iinnppuutt aanndd oouutt ppuutt vvoollttaaggeess iinn tthhee rraannggee
5500 HHzz ttoo 22MMhhzz aanndd ccaallccuullaattee tthhee ggaaiinn iinn ddBB.. AAfftteerr ccoommpplleettiioonn ooff ttaakkiinngg rreeaaddiinnggss ddrraaww ggrraapphh
ttaakkiinngg lloogg ff oonn xx aaxxiiss aanndd ggaaiinn oonn YY aaxxiiss.. IItt iiss ccaalllleedd ffrreeqquueennccyy rreessppoonnssee ccuurrvvee..

MMeeaassuurriinngg tthhee iinnppuutt aanndd oouuttppuutt rreessiissttaanncceess::
CCoonnnneecctt tthhee cciirrccuuiitt aass sshhoowwnn iinn ffiigg.. MMeeaassuurree tthhee ggeenneerraattoorr vvoollttaaggee aanndd vvoollttaaggee aaccrroossss RRss.. aass RRss iiss

vvaarriieedd ffrroomm zzeerroo iinn sstteeppss ooff 110000 oohhmmss tthhee vvoollttaaggee aaccrroossss iitt iinnccrreeaasseess.. NNoottee tthhee vvaalluuee ooff RRss aatt
wwhhiicchh VVii iiss eeqquuaall ttoo VVss//22.. AAtt tthhiiss vvaalluuee RRii==RRss

FFoorr oouuttppuutt rreessiissttaannccee ppuutt ddeeccaaddee bbooxx aatt oouuttppuutt aanndd vvaarryy tthhaatt uunnttiill iitt ccoommeess ttoo VVoo//22.. IItt iiss tthhee
oouuttppuutt rreessiissttaannccee RRoo..

OObbsseerrvvaattiioonnss::
FFRREEQQUUEENNCCYY OOUUTTPPUUTT

VVOOLLTTAAGGEE
((VVoo)) vvoollttss

GGaaiinn
VVoo//VVii

GGaaiinn ddBB
2200 lloogg
((VVoo//VVii))

PPrreeccaauuttiioonnss::11..tthhee ccooaarrssee aanndd ffiinnee kknnoobbss ooff aa ppoowweerr ssuuppppllyy sshhoouulldd bbee kkeepptt iinn tthhee mmiinniimmuumm
ppoossiittiioonn bbeeffoorree tthhee ccoommmmeenncceemmeenntt ooff tthhee eexxppeerriimmeenntt..

22..LLoooossee ccoonnnneeccttiioonnss aarree ttoo bbee aavvooiiddeedd..
33..RReeaaddiinnggss mmuusstt bbee ttaakkee ccaarreeffuullllyy oonn CC..RR..OO..
44.. AAtt eeaacchh oobbsseerrvvaattiioonnss tthhee iinnppuutt vvoollttaaggee mmaaggnniittuuddee mmaaiinnttaaiinn aatt 3300mmvv ppeeaakk ttoo ppeeaakk..

RReessuulltt::
BBaanndd WWiiddtthh oobbttaaiinneedd ffrroomm tthhee ggrraapphh == kkHHzz..
IInnppuutt rreessiissttaannccee RRii == kk OOhhmmss..
OOuuttppuutt rreessiissttaannccee RRoo == kk OOhhmmss..

RRLL GG

SS

DD

SS

RRoo

RRLLRRii
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EExxppeerriimmeenntt NNoo::44
AASSTTAABBLLEE MMUULLTTII VVIIBBRRAATTOORR UUSSIINNGG 774411

AAIIMM::-- TToo ccoonnssttrruucctt aann aassttaabbllee mmuullttii vviibbrraattoorr wwiitthh 774411 oopp aammpp aanndd ggeenneerraattee ddiiffffeerreenntt ffrreeqquueenncciieess
wwiitthh ddiiffffeerreenntt ttiimmee ccoonnssttaannttss aanndd ccoommppaarree tthheemm wwiitthh ccaallccuullaatteedd vvaalluueess ..

AAPPPPAARRAATTUUSS;;-- IICC 774411 ,, ppoowweerr ssuuppppllyy ,, ssiiggnnaall ggeenneerraattoorr ,, CCRROO,, rreessiissttaanncceess aanndd ccaappaacciittaanncceess ooff
vvaarriioouuss vvaalluueess..

TTHHEEOORRYY::--
Square Wave Generator:

IInn ccoonnttrraasstt ttoo ssiinnee wwaavvee oosscciillllaattoorr,, ssqquuaarree wwaavvee oouuttppuuttss aarree ggeenneerraatteedd wwhheenn tthhee oopp--aammpp iiss

ffoorrcceedd ttoo ooppeerraattee iinn tthhee ssaattuurraatteedd rreeggiioonnss,, tthhaatt iiss,, tthhee oouuttppuutt ooff tthhee oopp--aammpp iiss ffoorrcceedd ttoo sswwiinngg

rreeppeettiittiivveellyy bbeettwweeeenn ppoossiittiivvee ssaattuurraattiioonn ++ VVssaatt(( ++ VVCCCC)) aanndd nneeggaattiivvee ssaattuurraattiioonn--VVssaatt (( -- VVEEEE)),,

rreessuullttiinngg iinn tthhee ssqquuaarree wwaavvee oouuttppuutt.. SSuucchh aa cciirrccuuiitt sshhoowwnn iinn ffiigg..

TThhiiss ssqquuaarree wwaavvee ggeenneerraattoorr iiss aallssoo ccaalllleedd aa ffrreeee--rruunnnniinngg mmuullttii--vviibbrraattoorr..

AAssssuummee tthhaatt tthhee vvoollttaaggee aaccrroossss tthhee ccaappaacciittoorr CC iiss zzeerroo vvoollttss aatt tthhee iinnssttaanntt tthhee ddcc ssuuppppllyy vvoollttaaggeess

++VVCCCC aanndd ––VVEEEE aarree aapppplliieedd.. TThhiiss mmeeaannss tthhaatt tthhee vvoollttaaggee aatt tthhee iinnvveerrttiinngg tteerrmmiinnaall iiss zzeerroo iinniittiiaallllyy..

AAtt tthhee ssaammee iinnssttaanntt,, hhoowweevveerr,, tthhee vvoollttaaggee VV11 aatt tthhee nnoonn--iinnvveerrttiinngg tteerrmmiinnaall iiss vveerryy ssmmaallll ffiinniittee

vvaalluuee,, tthhaatt iiss aa ffuunnccttiioonn ooff tthhee oouuttppuutt ooffffsseett vvoollttaaggee VV000011 aanndd tthhee vvaalluueess ooff RR11 aanndd RR22 rreessiissttoorrss..

TThhuuss tthhee ddiiffffeerreennttiiaall iinnppuutt vvoollttaaggee VViidd iiss eeqquuaall ttoo tthhee vvoollttaaggee VV11 aatt tthhee nnoonn--iinnvveerrttiinngg tteerrmmiinnaall..

AAlltthhoouugghh vveerryy ssmmaallll,, vvoollttaaggee VV11wwiillll ssttaarrtt ttoo ddrriivvee tthhee oopp--aammpp iinnttoo ssaattuurraattiioonn..

||VV11|| ==
21

1

RR

R


||VVssaatt||;; ff00 ==

T

1
==

RC2

1
iiff RR22 == 11..1166RR11

FFiigg ((aa)) SSqquuaarree wwaavvee ggeenneerraattoorr ((bb)) WWaavvee ffoorrmm ooff oouuttppuutt vvoollttaaggee..
vv00 aanndd ccaappaacciittoorr vvoollttaaggee vv22 ooff tthhee ssqquuaarree wwaavvee ggeenneerraattoorr..

RRss ++VVCCCC

VV22 RR

--

774411
++

RR22

CC

RR11 VV00
VV11 vviidd

-- VVEEEERRss

++VVSSaatt  VVCCCC

VVoollttaaggee aaccrroossss
ccaappaacciittoorr VV22

OOuuttppuutt
vvoollttaaggee vv00

VV11

00

-- VV11

TT

--VVssaatt  --VVEEEE
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FFoorr eexxaammppllee,, ssuuppppoossee tthhaatt tthhee oouuttppuutt ooffffsseett vvoollttaaggee VV000011 iiss ppoossiittiivvee aanndd tthhaatt,, tthheerreeffoorree vvoollttaaggee

VV11 iiss aallssoo ppoossiittiivvee.. SSiinnccee iinniittiiaallllyy tthhee ccaappaacciittoorr CC aaccttss aass aa sshhoorrtt cciirrccuuiitt,, tthhee ggaaiinn ooff tthhee aammpplliiffiieerr iiss

vveerryy llaarrggee ((AA));; hheennccee VV11 ddrriivveess tthhee oouuttppuutt ooff tthhee oopp--aammpp ttoo iittss ppoossiittiivvee ssaattuurraattiioonn ++ VVssaatt wwiitthh tthhee

oouuttppuutt vvoollttaaggee ooff tthhee oopp--aammpp aass ++VVssaatt,, tthhee ccaappaacciittoorr CC22 ssttaarrttss cchhaarrggiinngg ttoowwaarrdd ++VVssaatt tthhrroouugghh tthhee

rreessiissttoorr,, RR.. HHoowweevveerr,, aass ssoooonn aass tthhee vvoollttaaggee vv22 aaccrroossss tthhee ccaappaacciittoorr iiss sslliigghhttllyy mmoorree ppoossiittiivvee tthhaann

VV11,, tthhee oouuttppuutt ooff oopp--aammpp iiss ffoorrcceedd ttoo sswwiittcchh ttoo aa nneeggaattiivvee ssaattuurraattiioonn,, --VVssaatt.. WWiitthh tthhee oopp--aammppss

oouuttppuutt vvoollttaaggee aass nneeggaattiivvee ssaattuurraattiioonn,, --VVssaatt tthhee vvoollttaaggee VV11 aaccrroossss RR11 iiss aallssoo nneeggaattiivvee,, ssiinnccee VV11 ==

21

1

RR

R


((--VVssaatt)) ---------------------- ((11))

TThhuuss tthhee nneett ddiiffffeerreennttiiaall vvoollttaaggee VViidd == VV11 ––VV22 iiss nneeggaattiivvee,, wwhhiicchh hhoollddss tthhee oouuttppuutt ooff tthhee oopp--

aammpp iinn nneeggaattiivvee ssaattuurraattiioonn.. TThhee oouuttppuutt rreemmaaiinnss iinn nneeggaattiivvee ssaattuurraattiioonn uunnttiill tthhee ccaappaacciittoorr CC

ddiisscchhaarrggeess aanndd tthheenn rreecchhaarrggeess ttoo aa nneeggaattiivvee vvoollttaaggee sslliigghhttllyy hhiigghheerr tthhaann tthhee ––VV11 [[sseeee FFiigg..]] NNooww,,

aass ssoooonn aass tthhee ccaappaacciittoorr vvoollttaaggee vv22 bbeeccoommeess mmoorree nneeggaattiivvee tthhaann --VV11,, tthhee nneett ddiiffffeerreennttiiaall vvoollttaaggee VViidd

bbeeccoommeess ppoossiittiivvee aanndd hheennccee ddrriivveess tthhee oouuttppuutt ooff tthhee oopp--aammpp bbaacckk ttoo iittss ppoossiittiivvee ssaattuurraattiioonn ++VVssaatt..

TThhiiss ccoommpplleetteess oonnee ccyyccllee.. WWiitthh oouuttppuutt aatt ++VVssaarr,, aanndd vvoollttaaggee VV11,, aatt tthhee nnoonn--iinnvveerrttiinngg iinnppuutt iiss

VV11 ==
RR

R

1

1


((++VVssaatt)) --------------------((22))

TThhee ttiimmee ppeerriioodd TT ooff tthhee oouuttppuutt wwaavveeffoorrmm iiss ggiivveenn bbyy

TT == 22RRCC llnn 






 

2

21

R

R2R
------------------ ((33))

EEqquuaattiioonn 33 iinnddiiccaatteess tthhaatt tthhee ffrreeqquueennccyy ooff tthhee oouuttppuutt ff00 iiss nnoott oonnllyy aa ffuunnccttiioonn ooff tthhee RRCC ttiimmee

ccoonnssttaanntt bbuutt aallssoo ooff tthhee rreellaattiioonnsshhiipp bbeettwweeeenn RR11 aanndd RR22.. FFoorr eexxaammppllee IIff RR22 == 11..1166 RR11,, eeqquuaattiioonn 33

bbeeccoommeess

ff00 ==
RC2

1
-------------------- ((44))

EEqquuaattiioonn ((44)) sshhoowwss tthhaatt tthhee ssmmaalllleerr tthhee RRCC ttiimmee ccoonnssttaanntt,, tthhee hhiigghheerr tthhee oouuttppuutt ffrreeqquueennccyy ff00

aanndd vviiccee vveerrssaa.. AAss iinn tthhee ssiinnee wwaavvee oosscciillllaattoorr,, tthhee hhiigghheesstt ffrreeqquueennccyy ssqquuaarree wwaavvee ggeenneerraatteedd iiss aallssoo

sseett bbyy tthhee sslleeww rraattee ooff tthhee oopp--aammpp.. IInn pprraaccttiiccee,, eeaacchh iinnvveerrttiinngg aanndd nnoonn--iinnvveerrttiinngg tteerrmmiinnaall nneeeeddss aa

sseerriieess rreessiissttoorr RRss ttoo pprreevveenntt eexxcceessssiivvee ddiiffffeerreennttiiaall ccuurrrreenntt ffllooww bbeeccaauussee tthhee iinnppuutt ooff tthhee oopp--aammpp iiss

ssuubbjjeecctteedd ttoo llaarrggee ddiiffffeerreennttiiaall vvoollttaaggee.. RRss sshhoouulldd hhaavvee aa vvaalluuee ooff 110000 KK oorr hhiigghheerr..
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TThhee ffeeeedd bbaacckk rreessiissttaannccee RR aanndd tthhee ccaappaacciittaannccee CC pprroovviiddeess tthhee iinntteeggrraattoorr aaccttiioonn ..TThhee oopp--aammpp

sseerrvveess aass aa rreeggeenneerraattiivvee ccoommppaarraattoorr .. TThhee oouuttppuutt ooff ccoommppaarraattoorr iiss lliimmiitteedd bbyy tthhee ssaattuurraattiioonn lleevveell ooff

tthhee oopp--aammpp ..AA ffuunnccttiioonn  == RR11//RR11++RR22 ooff tthhee oouuttppuutt vvoollttaaggee iiss ffeeeedd bbaacckk ttoo tthhee ccoommppaarraattoorr tthhaatt

ccoommppaarreess tthhee vvoollttaaggee aaccrroossss tthhee ccaappaacciittoorr wwiitthh tthhee vvoollttaaggee aanndd sswwiittcchheess ttoo nneeggaattiivvee ssaattuurraattiioonn

lliimmiitt ..

TThhee mmoommeenntt VVII bbeeccoommeess ggrreeaatteerr tthhaann VVee ,, tthhee ccaappaacciittoorr bbeeggiinnss ttoo ddiisscchhaarrggee

tthhrroouugghh RRbb uunnttiill VVcc iiss eeqquuaall ttoo VV00.. TThhee oouuttppuutt iiss tthhaann sswwiittcchheedd oonn ttoo tthhee ++vvee

ssaattuurraattiioonnss.. TThhee mmoommeennttjj vv VVcc bbeeccoommeess lleessss tthhaann BBVV00..

PPRROOCCEEDDUURREE:: TThhee cciirrccuuiitt iiss ccoonnnneecctteedd aass sshhoowwnn iinn ffiigg aanndd tthhee oouuttppuutt wwaavvee ffoorrmm iiss oobbsseerrvveedd

uussiinngg tthhee CCRROO.. TThhee ccaappaacciittoorr iiss vvaarriieedd aanndd tthhee ffrreeqquueennccyy iiss mmeeaassuurreedd aatt eeaacchh sstteepp,, TThhee oobbsseerrvveedd

ffrreeqquueenncciieess aarree ccoommppaarreedd wwiitthh tthhee ccaallccuullaatteedd oonneess ..

OOBBSSEERRVVAATTIIOONNSS::

DDCC ssuuppppllyy vvoollttaaggee VVcccc == …………....VV

RR11 RR22==11..1166RR11 CCaappaacciittaannccee CC((ff)) TTiimmee ppeerriioodd FFrreeqquueennccyy

((OObbsseerrvveedd)) CCaallccuullaatteedd

PPRREECCAAUUTTIIOONNSS::
11.. DDiissttoorrttiioonn sshhoouulldd nnoott bbee iinn tthhee wwaavveess..

22.. CCoonnnneeccttiioonnss mmuusstt bbee pprrooppeerrllyy vveerriiffiieedd..

33.. PPoowweerr ssuuppppllyy sshhoouulldd bbee aaddjjuusstteedd ttoo 1155VV oorr lleessss..

RREESSUULLTT::

TThhee ccaallccuullaatteedd ffrreeqquueenncciieess aarree ffoouunndd ttoo bbee iinn ggoooodd aaggrreeeemmeenntt wwiitthh tthhee oobbsseerrvveedd vvaalluueess
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Experiment :4

Astable multi-vibrator using 555

Aim : To form an astable multivibrator and study its wave forms.

Apparatus : 555 timer IC,0-15 V DC power supply, capacitors, resistors, connecting Wires
and bread board.

Description of 555 timer:

The 555 Timer and its pin configurations: Signetic corporation introduced this device as the SE

/ NE555 in early 1970 for the first time . It is one of the most versatile linear integrated circuit.

The applications of 555 timer includes mono-stable and astable multi-vibrators, a.c-d.c converters,

digital logic probes, wave form generators, analog frequency meters and tachometers, temperature

measurement and control, infrared transmitters, burglar or toxic gas alarm, voltage regulators,

electronic eyes and many others. The 555 is a monolithic timing circuit that can produce accurate

and highly stable time delays or oscillation. In other words the timer basically operates in one of

the two modes: either as a mono stable multi-vibrator (one shot) or as an astable (free running)

multi-vibrator. The device is available as an 8 pin metal, as an 8-pin mini DIP or a 14-pin DIP.

Fig shows that the pin connection diagram and the block diagram of the SE/NE 555 timer. The

SE 555 is designed for the operating temperature range of –55 to +1250c, while NE 555 operates

over a temperature range of 0 to +700c. The important features of the 555 Timer are (1) It operates

on +5 to +15v supply voltage in both free running (astable) and one shot (mono stable) modes; (2)

It has an adjustable duty cycle; timing is from micro seconds through hours; (3) It has high current

output; it can source or sink 200 mA; (4) The output can drive TTL and has a temperature

stability of 50 parts per million (ppm) per degree Celsius change in temperature.

555

5 Control voltage

7 Discharge

Output 3

Reset 4

6 Threshold

Trigger 2

Ground 1 8 +VCC

Fig (1a) 555 timer connecting diagram



M.Sc. Physics 2 Astable multivibrator

Before proceeding with the operations of 555 Timer an astable multi-vibrator, it is important to

examine its pin functions. The pin number is used in the following discussion refer to the 8 pin

mini DIP and 8 pin metal can packages

Pin 1: Ground. All voltages are measured w.r.t. this terminal.

Pin 2: trigger. The output of the timer depends on the amplitude of the external trigger pulse

applied to this pin. The output is low if the voltage at this pin is greater than 2/3 Vcc. However,

when a negative going pulse of amplitude larger than 1/3 Vcc applied to this pin, the comparator 2

output goes low, which is turn switches the output of the timer high. The output remains high as

long as the trigger terminal is held at a low voltage.

Pin 3: there are two ways a load can be connected to the output terminal: either between pin 3 and

ground (pin 1) or between pin 3 and supply voltage +Vcc (pin 8). When the output is low, the

load current flows through the load connected between 3 and +Vcc into the output terminal and is

called the sink current. However, the current through the grounded load is zero when the output is

low. For this reason, the load connected between 3 and +Vcc is called normally on load , and that

8 VCC 5 Control Voltage

6
Threshold

Comparator 2

Flip flop

Output stage

Comparator 1

2
Trigger

Discharge

3
Output

1 GND

R Vref

2/3 VCC

1/3 VCC

4
ResetQ2

Q1

Fig (1b) block diagram

R

R
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connected between pin 3 and ground normally off load and that connected between pin 3 and

ground is called the normally off load.

Pin 4: Reset. The 555 timer can be reset (disabled) by applying a negative pulse to this pin. When

the reset function is not in use, the reset terminal should be connected to +Vcc to avoid any

possibility of false triggering.

Pin 5: control voltage. An external voltage applied to this terminal changes the threshold as well

as the trigger voltage. In other words, by imposing a voltage on this pin or by connecting a pot

between this pin and ground, the pulse width of the waveform can be varied. When not used, the

control pin should be bypassed to ground with a 0.01F capacitor to prevent noise problems.

Pin 6: Threshold. This is the non-inverting input terminal of comparator 1, which monitors the

voltage across the external capacitor. When the voltage at this point is  threshold voltage
3

2
Vcc,

the output of comparator 1 goes high, which in turn switches the output of the timer low.

Pin 7: Discharge. This pin is connected internally to the collector of transistor Q1. When the

output is high, Q1 is off and acts as an open circuit to the external capacitor C connected across it.

On the other hand, when the output is low, Q1 is saturated and acts as a short circuit, shorting out

the external capacitor C to ground

Pin 8: +Vcc. The supply voltage of +5V to +18V is applied to this pin with respect to ground

(pin 1)

The 555 as an astable multi-vibrator:

An astable multi-vibrator, often called a free running multi-vibrator, is a rectangular wave

generating circuit. The time during which output is either high or low is determined by the two

resistors and a capacitor, which are externally connected to the timer 555

Astable operation: Fig 2(a) shows the 555 timer connected as an astable multi-vibrator.

Initially, when the output is high, capacitor C starts charging toward Vcc through RA and RB.
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However as soon as voltage across the capacitor equals
3

2
Vcc, comparator 1 triggers the flip-flop,

and the output switches low [see fig 2(b)]. Now capacitor C starts discharging through RB and

transistor. When the voltage across C equals
3

1
Vcc, comparator 2’s output triggers the flip-flop

and the output goes high. Then the cycle repeats. The output voltage and capacitor voltage

waveforms are shown in figure 2(b).

As shown in this figure, the capacitor C is periodically charged and discharged between
3

2
Vcc

and
3

1
Vcc respectively. The time during which the capacitor charges from

3

1
Vcc to

3

2
Vcc is

equal to the time the output is high and is given by

tc = 0.69 (RA + RB)C ---------- (1)

555

8

+ VCC = + 5V

Output

RA

RB

C C1

7

6

5

4

3

2 1

Fig 2(a) The 555 astable multi-vibrator circuit

Charging
Discharging

Input voltage

Capacitor voltage

1/3 VCC

 VCC

2/3 VCC

0V

t

t

tc td

T

Fig 2(b) The 555 astable multi-vibrator output voltage wave form

and voltage across the capacitor.
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Where RA and RB are is ohms and C is in Farads. Similarly the time during which the capacitor

discharges from
3

2
Vcc to

3

1
Vcc is equal to the time, the output is low and is given by

td = 0.69 RBC ------------- (2)

Thus the total time period of the output waveforms is

T = tc + td = 0.69 (RA +2RB) C ------------(3)

This, in turn gives the frequency of oscillation as

f0 =
T

1
=
 CBA 2RR

45.1


---------- (4)

Equation (4) indicates then the frequency f0 is independent of the supply voltage Vcc.

Output is a square wave of period t = 0.68(R1 +R2)C. T2 = 0.698R2C:
T = T1 + T2

T = 0.68(R1 +2R2)C.
R = 1/T =1.443/( R1 +2R2)C

PROCEDURE: The circuit is connected using capacitors and the output waveform is observed

using the CRO. R1 and R2 are chosen 1K and 20K respectively. The supply voltage is given to the

fourth and eighth pins respectively. The capacitor is varied and the frequency is measured at each

step. The observed frequency is compared with the calculated values. For each combination of

R & C the peak value of the output voltage and the voltage across sixth pin are measured. For

each setting using a tracing paper the waveform observed on CRO screen is traced. The effect of

change in the value are recorded, by varying R1 the effect of it on the waveform is studied.
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Observations:

DC supply voltage Vcc = ……..V

RA RB Capacitance C (f) Time period Frequency

(Observed) Calculated

PRECAUTIONS:
1. Distortion should not be in the waves.
2. Connections must be properly verified.
3. Power supply should be adjusted to 15V or less.

RESULT:
The calculated frequencies are found to be good agreement with the observed values.
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EExxppeerriimmeenntt NNoo.. 55

IINNVVEERRTTIINNGG,, NNOONNIINNVVEERRTTIINNGG aanndd SSUUMMMMIINNGG AAMMPPLLIIFFIIEERR

AAIIMM::-- TToo ssttuuddyy tthhee wwoorrkkiinngg ooff oopp--AAmmpp aass IInnvveerrttiinngg,, NNoonn--iinnvveerrttiinngg aanndd SSuummmmiinngg aammpplliiffiieerrss ..

AAPPPPAARRAATTUUSS::--
SS..NNOO.. NNAAMMEE OOFF TTHHEE IITTEEMM RRAANNGGEE QQUUAANNTTIITTYY

11.. DDCC RReegguullaatteedd PPoowweerr SSuuppppllyy 1122VV 11
22.. DDiiggiittaall mmuullttii mmeetteerr __ 11
33 bbrreeaaddbbooaarrdd -- 11
44.. OOpp--AAmmpp IICC--774411 11

55.. RReessiissttaanncceess 1100kk 33

11kk,,22..22kk

33..33kk,,44..77kk 11
DDeettaaiillss ooff 774411 OOPP AAMMPP ::

IICC 774411 iiss aavvaaiillaabbllee iinn ttwwoo ppaacckkaaggeess.. TThhee ppiinn ccoonnffiigguurraattiioonn ooff 774411 oopp--aammpp iinn dduuaall iinn lliinnee ppaacckkaaggee

((DDIIPP)) iiss ggiivveenn bbeellooww

IItt iiss tthhee mmoosstt ccoommmmoonnllyy aanndd wwiiddeellyy uusseedd ggeenneerraall--ppuurrppoossee oopp--aammpp.. IItt hhaass aann iinntteeggrraatteedd 3300ppFF

MMOOSS ccaappaacciittoorr.. IItt hhaass hhiigghh iinnppuutt iimmppeeddaannccee ((>> 11MM )),, llooww oouuttppuutt iimmppeeddaannccee ((775500 )) aanndd llaarrggee

vvoollttaaggee ggaaiinn ((220000,,000000))..

.

AA ddoott oonn tthhee ttoopp lleefftt ccoorrnneerr iiss uusseedd ttoo iiddeennttiiffyy ppiinn nnuummbbeerr 11.. IItt nneeeeddss aa 1122VV DDCC

dduuaall ppoowweerr ssuuppppllyy.. IItt iiss bbaassiiccaallllyy aa hhiigghh ggaaiinn ddiiffffeerreennttiiaall aammpplliiffiieerr wwiitthh ttwwoo iinnppuuttss..

Operational Amplifier:

An operational amplifier is a direct-coupled high gain amplifier usually consists of one or more

differential amplifiers and usually followed by a level translator and an output stage. The output

55 OOFFFF SSEETT NNUULLLL

66 OOUUTTPPUUTT

77 ++VVCCCCIInnvveerrttiinngg II//PP 22

–– VVEEEE 44

88 NNCCOFF SET NULL 1

NNoonn--iinnvveerrttiinngg II//PP 33

55

FFiigg ((11..99)) ppiinn ccoonnffiigguurraattiioonn ooff AA--774411 oopp--aammpp

––
AA

++
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stage is generally a push pull or push pull complementary symmetry pair. An operational amplifier

is available as a single integrated circuit package. The operational amplifier is a versatile device

that can be used to amplify dc as well as ac input signals and was originally designed for computing

such mathematical functions as addition, subtraction, multiplication and integration. Thus the

name operational amplifier stems from its original use for doing these

mathematical operations and so is abbreviated to op-amp. With the addition of suitable external

feed back component the modern day operational amplifier can be used for a variety of

applications. Such as ac and dc signal amplification, active filters, oscillators, comparators,

regulators and others.

SScchheemmaattiicc ssyymmbbooll::

TThhee mmoosstt wwiiddeellyy uusseedd ssyymmbbooll ffoorr aa cciirrccuuiitt wwiitthh ttwwoo iinnppuuttss aanndd oonnee oouutt ppuutt iiss sshhoowwnn iinn ffiigg ((11..66))

IInn ffiigg ((11..66))

vv11 == vvoollttaaggee aatt tthhee nnoonn--iinnvveerrttiinngg iinnppuutt ((vvoollttss))

vv22 == vvoollttaaggee aatt tthhee iinnvveerrttiinngg iinnppuutt ((vvoollttss))

vvoo == oouuttppuutt vvoollttaaggee ((vvoollttaaggee))

AAllll tthheessee aarree mmeeaassuurreedd ww..rr..tt.. ggrroouunndd

AA == llaarrggee ssiiggnnaall vvoollttaaggee ggaaiinn tthhaatt iiss ssppeecciiffiieedd oonn tthhee ddaattaa sshheeeettss ffoorr aann oopp--aammpp

ppoowweerr ssuuppppllyy aanndd ootthheerr ppiinn ccoonnnneeccttiioonnss aarree nnoott uussuuaallllyy sshhoowwnn iinn cciirrccuuiittss.. SSiinnccee tthhee iinnppuutt

ddiiffffeerreennttiiaall aammpplliiffiieerr ssttaaggee ooff tthhee oopp--aammpp iiss ddeessiiggnneedd ttoo bbee ooppeerraatteedd iinn tthhee ddiiffffeerreennttiiaall mmooddee,, tthhee

ddiiffffeerreennttiiaall iinnppuuttss aarree ddeessiiggnnaatteedd bbyy tthhee ((++)) aanndd ((--)) nnoottaattiioonnss,, tthhee ((++)) iinnppuutt iiss uusseedd ffoorr nnoonn--iinnvveerrttiinngg

iinnppuutt.. AAnn aacc ssiiggnnaall ((oorr ddcc vvoollttaaggee)) aapppplliieedd ttoo tthhiiss iinnppuutt pprroodduucceess aann iinn--pphhaassee ((oorr ssaammee ppoollaarriittyy))

ssiiggnnaall aatt tthhee oouuttppuutt.. OOnn tthhee ootthheerr hhaanndd tthhee ((--)) iinnppuutt iiss tthhee iinnvveerrttiinngg iinnppuutt bbeeccaauussee aann aacc ssiiggnnaall ((oorr ddcc

vvoollttaaggee)) aapppplliieedd ttoo tthhiiss iinnppuutt pprroodduucceess aann 118800 oouutt ooff pphhaassee ((oorr ooppppoossiittee ppoollaarriittyy)) ssiiggnnaall aatt tthhee

oouuttppuutt

Fig (1.6) Schematic symbol of op-amp

VV00 oouuttppuuttNNoonn--iinnvveerrttiinngg iinnppuutt VV11

IInnvveerrttiinngg iinnppuutt VV22

++

AA

––
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IIddeeaall oopp--aammpp::

AAnn iiddeeaall oopp--aammpp eexxhhiibbiittss tthhee ffoolllloowwiinngg eelleeccttrriiccaall cchhaarraacctteerriissttiiccss..

((11)) IInnffiinniittee vvoollttaaggee ggaaiinn AAVV..

((22)) IInnffiinniittee iinnppuutt rreessiissttaannccee RRii,, ssoo tthhaatt,, aallmmoosstt aannyy ssiiggnnaall ssoouurrccee ccaann ddrriivvee iitt aanndd tthheerree iiss nnoo

llooaaddiinngg ooff tthhee pprreecceeddiinngg ssttaaggee..

((33)) ZZeerroo oouuttppuutt rreessiissttaannccee RRoo,, ssoo tthhaatt,, oouuttppuutt ccaann ddrriivvee aann iinnffiinniittee nnuummbbeerr ooff ootthheerr ddeevviicceess

((44)) ZZeerroo oouuttppuutt vvoollttaaggee wwhheenn tthhee iinnppuutt vvoollttaaggee iiss zzeerroo..

((55)) IInnffiinniittee bbaannddwwiiddtthh,, ssoo tthhaatt,, aannyy ffrreeqquueennccyy ssiiggnnaall ffrroomm 00 ttoo  HHzz ccaann bbee aammpplliiffiieedd wwiitthh oouutt

aatttteennuuaattiioonn..

((66)) IInnffiinniittee ccoommmmoonn mmooddee rreejjeeccttiioonn rraattiioo ssoo tthhaatt oouuttppuutt ccoommmmoonn mmooddee nnooiissee vvoollttaaggee iiss zzeerroo..

((77)) IInnffiinniittee sslleeww rraattee ssoo tthhaatt vvoollttaaggee cchhaannggeess ooccccuurr ssiimmuullttaanneeoouussllyy wwiitthh iinnppuutt vvoollttaaggee cchhaannggeess..

TThheerree aarree pprraaccttiiccaall oopp--aammppss tthhaatt ccaann bbee mmaaddee ttoo aacchhiieevvee ssoommee ooff tthheessee cchhaarraacctteerriissttiicc uussiinngg aa

nneeggaattiivvee ffeeeeddbbaacckk aarrrraannggeemmeenntt.. IInn ppaarrttiiccuullaarr,, tthhee iinnppuutt rreessiissttaannccee,, tthhee oouuttppuutt rreessiissttaannccee,, aanndd

bbaannddwwiiddtthh ccaann bbee bbrroouugghhtt cclloossee ttoo iiddeeaall vvaalluueess bbyy tthhiiss mmeetthhoodd..

AAss tthhee ooppeenn lloooopp ggaaiinn ooff oopp--aammpp iiss vveerryy hhiigghh,, oonnllyy vveerryy ssmmaallll ssiiggnnaallss ((ooff tthhee oorrddeerr ooff mmiiccrroo--vvoollttss

oorr lleessss)) hhaavviinngg vveerryy llooww ffrreeqquueennccyy mmaayy bbee aammpplliiffiieedd aaccccuurraatteellyy wwiitthh oouutt ddiissttoorrttiioonn.. HHoowweevveerr,,

ssiiggnnaallss tthhiiss ssmmaallll aarree vveerryy ssuusscceeppttiibbllee ttoo nnooiissee.. BBeessiiddeess bbeeiinngg llaarrggee tthhee ooppeenn lloooopp ggaaiinn ooff tthhee oopp--

aammpp iiss nnoott ccoonnssttaanntt.. TThhee vvoollttaaggee ggaaiinn vvaarriieess wwiitthh cchhaannggeess iinn tteemmppeerraattuurree aanndd ppoowweerr ssuuppppllyy aass wweellll

aass wwiitthh mmaassss pprroodduuccttiioonn tteecchhnniiqquueess.. TThhee vvaarriiaattiioonnss iinn vvoollttaaggee ggaaiinn aarree rreellaattiivveellyy llaarrggee iinn ooppeenn--lloooopp

oopp--aammpp,, iinn ppaarrttiiccuullaarr,, wwhhiicchh mmaakkeess tthhee ooppeenn--lloooopp oopp--aammpp uunnssuuiittaabbllee ffoorr mmaannyy lliinneeaarr aapppplliiccaattiioonnss..

IInn mmoosstt lliinneeaarr aapppplliiccaattiioonnss tthhee oouuttppuutt iiss pprrooppoorrttiioonnaall ttoo tthhee iinnppuutt aanndd iiss ooff tthhee ssaammee ttyyppee..

FFuurrtthheerr tthhee bbaannddwwiiddtthh ((bbaanndd ooff ffrreeqquueenncciieess ffoorr wwhhiicchh tthhee ggaaiinn rreemmaaiinnss ccoonnssttaanntt)) ooff mmoosstt ooppeenn--

lloooopp oopp--aammppss iiss nneegglliiggiibbllyy ssmmaallll -- aallmmoosstt aa zzeerroo.. FFoorr tthhiiss rreeaassoonn,, tthhee ooppeenn--lloooopp oopp--aammpp iiss

iimmpprraaccttiiccaall iinn aacc aapppplliiccaattiioonnss.. FFoorr iinnssttaannccee tthhee ooppeenn lloooopp bbaannddwwiiddtthh ooff tthhee 774411CC iiss aapppprrooxxiimmaatteellyy

55HHzz.. HHoowweevveerr,, iinn aallmmoosstt aallll aacc aapppplliiccaattiioonnss aa bbaannddwwiiddtthh llaarrggeerr tthhaann 55 HHzz iiss nneeeeddeedd..

BBeeccaauussee ooff tthhee aabboovvee ssttaatteedd rreeaassoonnss,, tthhee ooppeenn lloooopp oopp--aammpp iiss ggeenneerraallllyy nnoott uusseedd iinn lliinneeaarr

aapppplliiccaattiioonnss.. NNeevveerr tthhee lleessss iinn cceerrttaaiinn aapppplliiccaattiioonnss tthhee ooppeenn--lloooopp oopp--aammpp iiss ppuurrppoosseellyy uusseedd aass aa

nnoonnlliinneeaarr ddeevviiccee;; tthhaatt iiss aa ssqquuaarree wwaarree oouuttppuutt iiss oobbttaaiinneedd bbyy ddeelliibbeerraatteellyy aappppllyyiinngg aa rreellaattiivveellyy llaarrggee

iinnppuutt ssiiggnnaall.. OOppeenn--lloooopp oopp--aammpp ccoonnffiigguurraattiioonnss aarree mmoosstt ssuuiittaabbllee iinn ssuucchh aapppplliiccaattiioonnss..
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WWee wwiillll bbee aabbllee ttoo sseelleecctt aass wweellll aass ccoonnttrrooll tthhee ggaaiinn ooff tthhee oopp--aammpp,, iiff wwee iinnttrroodduuccee aa

mmooddiiffiiccaattiioonn iinn tthhee bbaassiicc cciirrccuuiitt.. TThhiiss mmooddiiffiiccaattiioonn iinnvvoollvveess tthhee uussee ooff ffeeeeddbbaacckk,, tthhaatt iiss,, aann oouuttppuutt

ssiiggnnaall iiss ffeedd bbaacckk ttoo tthhee iinnppuutt eeiitthheerr ddiirreeccttllyy oorr vviiaa aannootthheerr nneettwwoorrkk.. IIff tthhee ssiiggnnaall ffeedd bbaacckk iiss ooff

ooppppoossiittee ppoollaarriittyy oorr oouutt ooff pphhaassee bbyy 11880000 wwiitthh rreessppeecctt ttoo iinnppuutt ssiiggnnaall,, tthhee ffeeeeddbbaacckk iiss ccaalllleedd ooff

nneeggaattiivvee ffeeeeddbbaacckk.. AAnn aammpplliiffiieerr wwiitthh nneeggaattiivvee ffeeeeddbbaacckk hhaass aa sseellff -- ccoorrrreeccttiinngg aabbiilliittyy aaggaaiinnsstt aannyy

cchhaannggee iinn oouuttppuutt vvoollttaaggee ccaauusseedd bbyy cchhaannggeess iinn eennvviirroonnmmeennttaall ccoonnddiittiioonnss.. NNeeggaattiivvee ffeeeeddbbaacckk iiss

aallssoo kknnoowwnn aass ddeeggeenneerraattiivvee ffeeeeddbbaacckk bbeeccaauussee wwhheenn uusseedd iitt ddeeggeenneerraatteess ((rreedduucceess)) tthhee oouuttppuutt

vvoollttaaggee aammpplliittuuddee aanndd iinn ttuurrnn rreedduucceess tthhee oouuttppuutt ggaaiinn..

The inverting amplifier with negative feed back:

In the inverting amplifier only one input is applied and that, to the inverting input terminal.

The non-inverting input terminal is grounded. Since v1 = 0 and v2 = vin.

The negative sign indicates that the output voltage is out of phase with respect to input by

1800 or is of opposite polarity. Thus in the inverting amplifier the input signal is amplified

by gain A and is also inverted at the output.

Gain of inverting amplifier with feed back:

As the non inverting input of the amplifier is grounded and as no current passes through the

input resistance (it is assumed to be infinite in ideal case)

Fig 1.13 Inverting amplifier

RRLL  22kk

VV00 == -- AAVViinn
VViidd

--
AA

++

++
VVss ~~

––

RR11 RRffVVGG
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The inverting input terminal also must be at zero potential as there cannot be any voltage

drop across Ri.The junction point of R1 , Rf and inverting input is called virtual ground.

Therefore

the input current
1R

V
I s

i 

flows through Rf resulting in a voltage drop = Rf * Ii = -Vo.

Therefore Vo= Rf x (-Vs / R1) = - (Rf / R1) x vs

Voltage gain Av = Vo/Vi = - (Rf / R1 )

The expression for voltage gain doesn’t contain any parameter pertaining to

OP AMP. If Rf = R1 . The input and output signals have equal amplitude but differ in phase

by 180 o .It is called inverting unity gain amplifier. If the ratio Rf/R1 is varied the output

signal amplitude can be scaled up or down. In this application it is called scale changer.

Because of virtual ground mentioned above any signal connected to the inverting input

through a resistance Rx = R1 supplies current independent of other sources. The current

flowing through Rf is algebraic sum of the currents entering in the node. As a result the

output voltage can be considered as sum of input signal amplitudes. In this configuration

such an amplifier is called summing amplifier. Any number of input signals can be

connected like this and the output voltage of the summing amplifier is

)......( 21 nx

f

o vvvv
R

R
v 

The non-inverting amplifier:

Fig 2 Non – Inverting amplifier

RRLL  22kk

VV00 == -- AAVViinn
VViidd

--
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++
VVss ~~

––

RR11 RRff
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Fig 2 shows the open loop configuration of non inverting amplifier. In this configuration the

input is applied to the non inverting input terminal and the inverting input terminal is

grounded.

In the circuit shown below v1=vin and v2=0v. Therefore according to equation v0 = Avin.

This means that the output voltage is A times larger than the input voltage and is in phase

with input signal. The type of feedback involved is called voltage series feedback. The

circuit 2 is redrawn to show feedback.

EExxpprreessssiioonn ffoorr vvoollttaaggee ggaaiinn::
AAss tthhee iinnppuutt rreessiissttaannccee ooff tthhee aammpplliiffiieerr iiss iinnffiinniittee,, tthhee iinnvveerrttiinngg tteerrmmiinnaall wwiillll bbee aatt ssaammee ppootteennttiiaall aass tthhaatt ooff

nnoonn iinnvveerrttiinngg iinnppuutt.. TThhee ccuurrrreenntt fflloowwiinngg tthhrroouugghh tthhee rreessiissttaannccee RRff iiss ((vvoo--vv11))//RRff.. IItt mmuusstt bbee eeqquuaall ttoo vv11//RR11 iinn
mmaaggnniittuuddee.. EEqquuaattiinngg

11

1

( )o

f

v vv

R R


 

wwee ccaann rreewwrriittee iitt aass

f

o

f R

v

RR
v  )

11
(

1

1

TThhee vvoollttaaggee ggaaiinn
1

1
R

R

v

v
A

f

s

o
v 

IInn tthhiiss ccoonnffiigguurraattiioonn oouuttppuutt ssiiggnnaall wwiillll bbee iinn pphhaassee wwiitthh iinnppuutt.... FFoorr RR11==RRff tthhee ggaaiinn iiss 22..

FFiigg ((22..22)):: vvoollttaaggee sseerriieess ffeeeedd bbaacckk aammpplliiffiieerr..
FFeeeedd bbaacckk cciirrccuuiitt

++ VVCCCC
vv11

RRmm  00  VVEEEE

VViidd

RRLL++
vviinn ~~

––

++
VVFF

––

RRFF
RR11

vv22

++

vv00

––

++
AA

––
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PPRROOCCEEDDUURREE::--
IINNVVEERRTTIINNGG AAMMPPLLIIFFIIEERR::--
11.. SSeelleecctt RRff aanndd RR11 ddeeppeennddiinngg oonn tthhee ggaaiinn rreeqquuiirreedd.. CCoonnnneeccttiioonnss aarree mmaaddee aass ppeerr tthhee cciirrccuuiitt ddiiaaggrraamm ..

UUssee llooww wwaattttaaggee rreessiissttoorrss pprreeffeerraabbllyy oonnee eeiigghhtthh wwaatttt ssoo tthhaatt rreessiissttaannccee lleeaaddss ssmmooootthhllyy ffiitt iinnttoo tthhee
bbrreeaaddbbooaarrdd.. WWhheenn hhiigghh wwaattttaaggee rreessiissttoorrss aarree uusseedd iinn aa cciirrccuuiitt ddoo nnoott uussee tthheemm iinn bbrreeaadd bbooaarrdd.. UUssee
sseeppaarraattee ggrroouupp bbooaarrdd ffoorr tthheemm..

22.. FFiixx tthhee IICC774411 oonn bbrreeaaddbbooaarrdd ssuucchh tthhaatt ppiinnss iinnsseerrtt iinn tthhee hhoolleess wwiitthhoouutt bbeennddiinngg.. EEnnoouugghh ccaarree mmuusstt bbee
ttaakkeenn wwhhiillee iinnsseerrttiinngg aanndd rreemmoovviinngg IICCss ffrroomm bbrreeaadd bbooaarrddss aanndd ssoocckkeettss.. BBeetttteerr uussee IICC iinnsseerrtteerrss aanndd
pplluucckkeerrss ffoorr tthhiiss..

33.. UUssee mmiinniimmuumm lleennggtthh ooff wwiirree ttoo mmaakkee ccoonnnneeccttiioonnss.. TThhee ggaauuggee ooff tthhee wwiirree iiss sseelleecctteedd ssuucchh tthhaatt iitt ggooeess
iinnttoo tthhee wwhhoollee ssmmooootthhllyy.. BBeenntt wwiirreess sshhoouulldd nnoott bbee iinnsseerrtteedd.. UUssee aa wwiirree ccuutttteerr ccuumm sslleeeevvee rreemmoovveerr ttoo
ccuutt bbeenntt eennddss aanndd ttoo rreemmoovvee ppllaassttiicc sslleeeevvee.. UUssee vvaarriioouuss ccoolloouurrss ooff wwiirreess ssoo tthhaatt tthhee ccoonnnneeccttiioonnss ccaann bbee
iiddeennttiiffiieedd eeaassiillyy.. UUssee ccoommmmoonn ggrroouunndd.. IIff sseevveerraall ggrroouunndd ppooiinnttss aarree uusseedd eennssuurree tthhaatt tthheeyy aarree aallll
ccoommmmoonn bbyy cchheecckkiinngg rreessiissttaannccee bbeettwweeeenn tthhoossee ppooiinnttss..

44.. UUssee ffiixxeedd vvoollttaaggee DDCC ppoowweerr ssuuppppllyy pprreeffeerraabbllyy SSMMPPss.. TThhee ++1122 VV DDCC lliinnee iiss ggiivveenn ttoo ppiinn NNoo.. 77.. ––1122VV
DDCC iiss ggiivveenn ttoo ppiinn NNoo.. 55.. FFiixx tthhee

22..FFoorr iinnvveerrttiinngg aammpplliiffiieerr vvaarryy tthhee iinnppuutt vvoollttaaggee ffrroomm 11 ttoo 66vv iinn sstteeppss ooff 11vv aanndd mmeeaassuurree tthhee oouuttppuutt vvoollttaaggee
aass aa ffuunnccttiioonn ooff tthhee iinnppuutt vvoollttaaggee ..
33..CCoommppaarree tthhee eexxppeerriimmeennttaall ggaaiinn wwiitthh tthhee ttoottaall ggaaiinn ooff --RRFF//RR11

SS..NNoo.. RR11 OOuuttppuutt VVoollttaaggee GGaaiinn
PPrraaccttiiccaall TThheeoorreettiiccaall PPrraaccttiiccaall TThheeoorreettiiccaall

SSUUMMMMIINNGG AAMMPPLLIIFFIIEERR::--
11..AAppppllyy VV11aanndd vvaarryyVV22 ffrroomm ..55 ttoo 22..55vv iinn sstteeppss ooff ..55mmeeaassuurree tthhee oouuttppuutt vvoollttaaggee wwiitthh tthhee hheellpp ooff mmuullttiimmeetteerr..
22.. CCoommppaarree tthhee eexxppeerriimmeennttaall vvaalluueess wwiitthh tthhee tthheeoorreettiiccaall vvaalluueess..

SS..NNoo IInnppuutt vvoollttaaggee OOuuttppuutt vvoollttaaggee

VV11 VV22 TThheeoorreettiiccaall PPrraaccttiiccaall
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NNOONNIINNVVEERRTTIINNGG AAMMPPLLIIFFIIEERR::--
11..AAppppllyy tthhee iinnppuutt vvoollttaaggee ttoo tthhee nnoonn--iinnvveerrttiinngg tteerrmmiinnaall ffrroomm 00..55 ttoo 22..55 iinn sstteeppss ooff 00..55VV mmeeaassuurree

tthhee oouuttppuutt
vvoollttaaggeess..

22.. CCoommppaarree tthhee pprraaccttiiccaall aanndd tthheeoorreettiiccaall vvaalluueess..

SS..NNoo.. RR11 OOuuttppuutt VVoollttaaggee GGaaiinn
PPrraaccttiiccaall TThheeoorreettiiccaall PPrraaccttiiccaall TThheeoorreettiiccaall

PPRREECCAAUUTTIIOONNSS::
11)) CChheecckk tthhee IICC ffoorr ccoorrkkiinngg bbyy uussiinngg iitt iinn iinnvveerrttiinngg aammpplliiffiieerr..
22)) EEnnssuurree ccoommmmoonn ggrroouunndd ffoorr aallll ggrroouunndd ccoonnnneeccttiioonnss..
33)) SSoommee ffuunnccttiioonn ggeenneerraattoorrss mmaayy hhaavvee ooffffsseett nnuullll ffaacciilliittyy.. UUssee iitt iiff nnoo oouuttppuutt ssiiggnnaall iiss oobbsseerrvveedd eevveenn

aafftteerr cciirrccuuiitt iiss aasssseemmbblleedd pprrooppeerrllyy..

RREESSUULLTT::--
WWee oobbsseerrvveedd tthhaatt tthhee OOPP--AAMMPP iiss uusseedd aass aann iinnvveerrttiinngg ,,nnoonn--iinnvveerrttiinngg aanndd ssuummmmiinngg

aammpplliiffiieerrss..
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Experiment No.6

WEIN BRIDGE OSCILLATOR

AIM: To construct wean bridge oscillator using IC 741 and to generate sine wave of different
frequencies.

APPARATUS: op-amp IC 741, resistance 1 kohm-2, 100 kohm, 10kohm , potentiometer 10k ohm
pot, capacitors 0.003Mf, 0.22mf, 0.022mf, 0.002mf, breadboard, DC regulated power supply,
function generator, dual trace C.R.O, connecting wires.

THEORY: An oscillator in which a balanced Wein’s bridge is used as the feedback network is
called the Wein’s bridge oscillator. The active element is an operational amplifier which has a
very large positive gain negligible output resistance and very high input resistance. At W0

frequency, the network introduces zero phase shift. At this frequency the feedback ratio is 1/3.
that is it introduces attenuation of 1/3. To maintain oscillations the gain must be unity. This is
achieved by introducing negative feedback through R1 and Rf. The values of R1 and Rf are
adjusted such that R1 = 2Rf.

The cuircuit oscillates as long as =1/3. Any deviation from this condition makes the
oscillator unstable. The amplitude of the oscillator may be stabilized by varying negative feedback
by using a potentiometer in place of R1. If for any reason, the amplitude of the output voltage
increases , the amount of negative feedback increases, there by bringing down the amplitude to a
suitable value.

PROCEDURE:
1) connect the circuit as shown in diagram.
2) choose R1=10kohm potentiometer for Rf connected as variable resistance.
3) Variation of potentiometer allows one to start the oscillations and also to

control the distortion.
4) Adjust the potentiomrer such that the oscillations are stable and distortion is

minimum.

Fig 1 Wein’s bridge oscillator
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-
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5) directly read the frequency of the sine wave in C.R.O.
6) by varying the capacitance value repeat the calibration.
7) repeat the same procedure for different capacitance values.

Table
S.No Capacitance

 f
Time period (T) =
 t Seconds

Observed frequency (1/T)
Hz

Calculated
frequency
1/2RC Hz

PRECAUTIONS:
1) bread board should be cheeked before giving the connections.
2) it is checked with millimeter.
3) IC 741 also be checked by gain checking circuit as shown in the figure.
4) Loose connections are avoided in the circuit.
5) The conducting parts of any two wires cannot touch each other.
6) The C.R.O reading should be taken carefully.

RESULT:
Wien bridge oscillator using OP-AMP IC 741 was constructed and sine wave was generated

for different frequencies by changing the capacitors for a given value of R.
Experiment is also repeated for different values of R keeping a fixed value for C. The calculated
and observed frequencies are agreeing satisfactorily.

Suggestions to teachers: The students may be asked to trace the waveforms for different values of
R and C maintaining RC product at a constant value and record their remarks.



AACCHHAARRYYAA NNAAGGAARRJJUUNNAA UUNNIIVVEERRSSIITTYY 11 CCEENNTTRREE FFOORR DDIISSTTAANNCCEE EEDDUUCCAATTIIOONN

EExxppeerriimmeenntt NNoo..77

CCoollppiittttss oosscciillllaattoorr

AAIIMM:: TToo ccoonnssttrruucctt aa CCoollppiittttss oosscciillllaattoorr uussiinngg OOpp aammpp IICC 774411 aanndd ttoo ssttuuddyy iittss ppeerrffoorrmmaannccee ffoorr
ddiiffffeerreenntt iinndduuccttaannccee ((LL)) vvaalluueess aanndd ccaappaacciittaannccee vvaalluueess..

AAPPPPAARRAATTUUSS:: OOpp--aammpp IICC 774411,, rreessiissttaannccee 11 kkoohhmm--22,, 110000 kkoohhmm,, 1100kkoohhmm ,, ccaappaacciittoorrss 00..000033MMff,,
00..2222mmff,, 00..002222mmff,, 00..000022mmff eeaacchh 22 nnooss,, bbrreeaaddbbooaarrdd,, DDCC rreegguullaatteedd ppoowweerr ssuuppppllyy((1122VV DDCC)),, ffuunnccttiioonn
ggeenneerraattoorr,, dduuaall ttrraaccee CC..RR..OO,, bbrreeaadd bbooaarrdd,, ssiinnggllee ssttrraanndd ccoonnnneeccttiinngg wwiirreess ooff ddiiffffeerreenntt ccoolloorrss
vvaarriiaabbllee iinndduuccttaannccee bbooxx..

TThheeoorryy::

MMaannyy oosscciillllaattoorr cciirrccuuiittss ffaallll iinnttoo tthhee ggeenneerraall ffoorrmm sshhoowwnn iinn ffiigg11aa.. TThhee aaccttiivvee ddeevviiccee mmaayy bbee aa
bbiippoollaarr ttrraannssiissttoorr,, aann ooppeerraattiioonnaall aammpplliiffiieerr oorr aann FFEETT.. IInn tthhee aannaallyyssiiss tthhaatt ffoolllloowwss wwee aassssuummee aann
aaccttiivvee ddeevviiccee wwiitthh iinnffiinniittee iinnppuutt rreessiissttaannccee ssuucchh aass aann FFEETT,, oorr aann ooppeerraattiioonnaall aammpplliiffiieerr.. FFiigg..22bb
sshhoowwss tthhee lliinneeaarr eeqquuiivvaalleenntt cciirrccuuiitt ooff FFiigg..22aa,, uussiinngg aann aammpplliiffiieerr wwiitthh nneeggaattiivvee ggaaiinn ––AAvv aanndd oouuttppuutt
rreessiissttaannccee RRoo.. CClleeaarrllyy tthhee ttooppoollooggyy ooff ffiigg22 iiss tthhaatt ooff vvoollttaaggee--sseerriieess ffeeeeddbbaacckk..

TThhee LLoooopp GGaaiinn:: TThhee vvaalluuee ooff --AA wwiillll bbee oobbttaaiinneedd bbyy ccoonnssiiddeerriinngg tthhee cciirrccuuiitt ooff ffiigg ttoo bbee aa
ffeeeeddbbaacckk aammpplliiffiieerr wwiitthh oouuttppuutt ttaakkeenn ffrroomm tteerrmmiinnaallss 22 aanndd 33 aanndd wwiitthh iinnppuutt tteerrmmiinnaallss 11 aanndd 33.. TThhee
llooaadd iimmppeeddaannccee ZZLL ccoonnssiissttss ooff ZZ22 iinn ppaarraalllleell wwiitthh tthhee sseerriieess ccoommbbiinnaattiioonn ooff ZZ11 aanndd ZZ33.. TThhee ggaaiinn

wwiitthhoouutt ffeeeeddbbaacckk iiss AA == --AAvvZZLL//((ZZLL++RRoo)).. TThhee ffeeeeddbbaacckk ffaaccttoorr iiss  == --ZZ11//((ZZ11++ZZ33)).. TThhee lloooopp ggaaiinn iiss
ffoouunndd ttoo bbee

--
AAVV

++

11

33
22

ZZ11

ZZ22

 II == 00

33

ZZ33

++
AAvvVV1133

––

 II == 00

ZZ33

22

33

11

ZZ22

ZZ11

FFiigg 11((aa)) TThhee bbaassiicc ccoonnffiigguurraattiioonn ffoorr mmaannyy rreessoonnaanntt--cciirrccuuiitt oosscciillllaattoorrss
((bb)) TThhee lliinneeaarr eeqquuiivvaalleenntt cciirrccuuiitt uussiinngg aann ooppeerraattiioonnaall aammpplliiffiieerr

((aa)) ((bb))
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   
v 1 2

0 1 2 3 2 1 3

-A
-Aβ=

Z Z

R Z Z Z Z Z Z   
------------------------------((11))

RReeaaccttiivvee EElleemmeennttss:: ZZ11,,ZZ22,, aanndd ZZ33 IIff tthhee iimmppeeddaanncceess aarree ppuurree rreeaaccttaanncceess ((eeiitthheerr iinndduuccttiivvee oorr

ccaappaacciittiivvee)),, tthheenn ZZ11==jjXX11 ,, ZZ22==jjXX22,, ZZ33==jjXX33.. FFoorr aann iinndduuccttoorr,, XX==LL,, aanndd ffoorr aa ccaappaacciittoorr,, XX==--11//CC..
TThheenn

   
v 1 2

1 2 3 2 1 3

+A X X
-Aβ=

ojR X X X X X X   
------------------------------((22))

FFoorr tthhee lloooopp ggaaiinn ttoo bbee rreeaall ((zzeerroo pphhaassee sshhiifftt)),,
XX11++XX22++XX33 == 00 ----------------------------------((33))
aanndd

 
1 2 1

2 1 3 1 3

v vA X X A X
A

X X X X X



  

  
------------------------------------((44))

FFrroomm EEqq..33 WWee sseeee tthhaatt tthhee cciirrccuuiitt wwiillll oosscciillllaattee aatt tthhee rreessoonnaanntt ffrreeqquueennccyy ooff tthhee sseerriieess
ccoommbbiinnaattiioonn ooff XX11,, XX22,, aanndd XX33..
UUssiinngg EEqq..33 IInn EEqq.. 44 YYiieellddss

v 1

2

+A X
-Aβ=

X
--------------------------------------((55))

SSiinnccee --AA mmuusstt bbee ppoossiittiivvee aanndd aatt lleeaasstt uunniittyy iinn mmaaggnniittuuddee,,tthheenn XX11 aanndd XX22 mmuusstt hhaavvee tthhee ssaammee
ssiiggnn ((AAvv iiss ppoossiittiivvee)).. IInn ootthheerr wwoorrddss,,tthheeyy mmuusstt bbee tthhee ssaammee kkiinndd ooff rreeaaccttaannccee,, eeiitthheerr bbootthh iinndduuccttiivvee
oorr bbootthh ccaappaacciittiivvee.. TThheenn,, ffrroomm EEqq..33,, XX33==--((XX11++XX22)) mmuusstt bbee iinndduuccttiivvee iiff XX11 aanndd XX22 aarree ccaappaacciittiivvee,,
oorr vviiccee vveerrssaa..

IIff XX11 aanndd XX22 aarree ccaappaacciittoorrss aanndd XX33 iiss aann iinndduuccttoorr,, tthhee cciirrccuuiitt iiss ccaalllleedd aa ccoollppiittttss oosscciillllaattoorr.. IIff XX11

aanndd XX22 aarree iinndduuccttoorrss aanndd XX33 iiss aa ccaappaacciittoorr,, tthhee cciirrccuuiitt iiss ccaalllleedd aa HHaarrttlleeyy oosscciillllaattoorr..

PPrroocceedduurree ::

VV00

Fig 2: Colpitts oscillator

VViidd

--
AA

++

RR11 RRff

CC11 CC22

LL
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BBeeffoorree mmaakkiinngg tthhee ccoonnnneeccttiioonnss ffoorr tthhee eexxppeerriimmeenntt,, tthhee ffuunnccttiioonniinngg ooff IICC sshhoouulldd bbyy cchheecckkiinngg iittss
ggaaiinn bbyy ccoonnnneeccttiinngg 774411 iinn iinnvveerrttiinngg ccoonnffiigguurraattiioonn aass sshhoowwnn iinn FFiigg 33..

AAss sshhoowwnn iinn tthhee ffiigg 22.. aann iinndduuccttaannccee bbooxx iiss ccoonnnneecctteedd ppaarraalllleell bbeettwweeeenn tthhee ttwwoo eenndd tteerrmmiinnaallss ooff
ccaappaacciittoorrss CC11&&CC22.. TThhee ootthheerr ttwwoo eennddss ooff tthhee ccaappaacciittoorrss aarree ttiieedd ttooggeetthheerr aanndd ccoonnnneecctteedd ttoo ggrroouunndd..
TThhee ggrroouunndd ccoonnnneeccttiioonn sshhoouulldd bbee mmaaddee ppeerrffeeccttllyy ..TThhee CCRROO iiss ttoo bbee ccoonnnneecctteedd bbeettwweeeenn 66tthh

ppiinn((oouuttppuutt)) aanndd ggrroouunndd.. DDCC ppoowweerr ssuuppppllyy ppoowweerr ssuuppppllyy wwiitthh ++1122VV aanndd --1122VV aarree ccoonnnneecctteedd ttoo 77
aanndd 44 ppiinnss.. WWhheenn tthhee ccoonnnneeccttiioonnss aarree mmaaddee ccoorrrreeccttllyy yyoouu wwiillll sseeee SSiinnee wwaavvee oouuttppuutt..oonn CCRROO
ssccrreeeenn.. TThhee ffrreeqquueennccyy ooff tthhee wwaavvee iiss ddeetteerrmmiinneedd bbyy ffoolllloowwiinngg tthhee pprroocceedduurree mmeennttiioonneedd iinn CCRROO
pprraaccttiiccaall.. TThhee ffrreeqquueennccyy ooff tthhee ssiinnee wwaavvee ggeenneerraatteedd ccaann bbee vvaarriieedd bbyy cchhaannggiinngg tthhee iinndduuccttaannccee iinn
tthhee ddeeccaaddee iinndduuccttaannccee bbooxx ggiivveenn.. FFoorr eeaacchh vvaalluuee ooff iinndduuccttaannccee tthhee ffrreeqquueennccyy ooff tthhee ggeenneerraatteedd
ssiinnee wwaavvee iiss ddeetteerrmmiinneedd..
CCaallccuullaatteedd ffrreeqquueennccyy ::
TThhee eeqquuiivvaalleenntt ccaappaacciittaannccee ooff CC11 aanndd CC22 iiss oobbttaaiinneedd bbyy tthhee ffoorrmmuullaa

CCeeffff ==((CC11..CC22)) // ((CC11++CC22))
BByy ccaallccuullaattiinngg CCeeffff vvaalluuee aanndd tthhee vvaalluuee ooff iinndduuccttaannccee kkeepptt iinn iinndduuccttaannccee bbooxx,, wwee ccaallccuullaattee tthhee
tthheeoorreettiiccaall ffrreeqquueennccyy

ffccaall == 11// 22 ((LLCC))11//22 HHzz
TThhee eexxppeerriimmeenntt iiss rreeppeeaatteedd ffoorr ddiiffffeerreenntt vvaalluueess ooff CC11 == CC22 ..IInn eeaacchh ccaassee tthhee ccoorrrreessppoonnddiinngg
ffrreeqquueenncciieess aarree mmeeaassuurreedd aanndd ccoommppaarreedd wwiitthh tthhee ccaallccuullaatteedd vvaalluueess..

WWee mmaayy rreeppeeaatt tthhee eexxppeerriimmeenntt wwiitthh ddiiffffeerreenntt vvaarriiaabbllee ccaappaacciittoorrss aanndd ccoommppaarree tthhee
OObbsseerrvveedd aanndd ccaallccuullaatteedd ffrreeqquueenncciieess..

Fig 3: circuit for the proper working of 741mplifier

RRLL  22kk

VV00 == -- AAVViinn
VViidd

--
AA

++

++
VVss ~~

––

11kk 1100kk



MM..SScc..PPhhyyssiiccss 44 CCoollppiittttss oosscciillllaattoorr

++VVcccc == 1122VV;; --VVcccc == 1122VV;;

LL== ;;

CC11 ==CC22== 00..0011 MMFFDD

PPrreeccaauuttiioonnss::
11.. TThhee ccoonnnneeccttiinngg wwiirreess sshhoouulldd bbee aass ssmmaallll aass ppoossssiibbllee
22.. CChheecckk tthhee bbrreeaadd bbooaarrdd wwiitthh mmuullttiimmeetteerr bbeeffoorree uussiinngg..
33.. SSccrraapp tthhee ccoonnnneeccttiinngg wwiirreess bbeeffoorree uussiinngg..

RReessuulltt:: IInn CCoollppiittttss oosscciillllaattoorr tthhee ssiinnee wwaavvee ooff ddiiffffeerreenntt ffrreeqquueenncciieess ffoorr vvaarriioouuss iinndduuccttaannccee iiss
ggeenneerraatteedd aanndd tthheessee ffrreeqquueennccyy vvaalluueess aarree ccoommppaarreedd wwiitthh tthhee ccaallccuullaatteedd vvaalluueess..

SSll NNoo CCaappaacciittaannccee

ff
PPeerriioodd TT
IInn sseeccoonnddss

OObbsseerrvveedd
ffrreeqquueennccyy

CCaallccuullaatteedd
ffrreeqquueennccyy

SSll ..NNoo IInndduuccttaannccee
IInn mmHH

PPeerriioodd TT
IInn sseeccoonnddss

OObbsseerrvveedd
ffrreeqquueennccyy

CCaallccuullaatteedd
ffrreeqquueennccyy
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Experiment No.8

FIRST ORDER ACTIVE FILTER

Aim: To construct a first order low pass and high pass active filters (using an IC operational
amplifier) and to study their frequency response characteristics.

Apparatus: IC 741, signal generator, resistors and capacitors of various values, power supply,
C R.O.

Theory:

A filter is an electrical network that prevents some frequencies from appearing at the output. If it
allows frequencies starting from zero and up to a frequency called cut-off frequency and prevents
all other frequencies above the cut-off frequency it is called a low pass filter. If a network prevents
all frequencies starting from zero and up to a frequency called cut-off frequency and allows all
other frequencies above the cut-off frequency it is called a high pass filter. A network prevents
frequencies starting from zero and up to a frequency and allows a band of frequencies up to a cut-
off frequency and prevents all other frequencies above this cut-off frequency is called a band pass
filter. The cut off frequency at the lower frequency side is called lower cut-off frequency and the
one at higher frequency end is called upper cut-off frequency. The band of frequencies allowed in
between f1 and f2 is called pass band. And the difference f2-f1 is called bandwidth. A band pass
filter may be considered as a cascade of high pass filter with cut-off frequency f1 and a low pass
filter with cut-off frequency f2. A low pass filter with cut off frequency f1 and a high pass filter
with cut-off frequency f2, connected in cascade will allow frequencies up to f1 and above f2. All
frequencies between f1 and f2 are prevented from appearing at the output. Such filters are called
band elimination filters. Filters formed with inductance-resistance combination or capacitance –
resistance combination, inductance – capacitance combination are called passive filters. These
frequencies attenuate signals even the frequencies in pass band to some extent. If such filters are
cascaded, attenuation increases and signal strength falls. It is observed that if including an active
component like operational amplifier forms a filter circuit, the signal amplitude can be boosted to
the required level. Further the portion below f1 and above f2 in a band pass filter can be made
steeper. It will reduce the overlapping of neighboring bands in communication systems.

Fig1 Active low pass filter
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Fig2 Active high pass filter
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Fig3 Active band pass filter

RL  2k

-
A

+

R2
C1

R1

R3

C2

+
Vs ~

–

V0 = - AVin

Fig2 Active high pass filter

+
Vs ~

–

RL  2k

-
A

+

R2

C

R1

R

20 log (Vo / Vi)

.log f
cut off

Vmax/ 2



ACHARYA NAGARJUNA UNIVERSITY 3 CENTRE FOR DISTANE EDUCATION

Simple RL and RC networks are widely used in filter configurations while these passive filters are
quite adequate for many of the applications, they have disadvantage that any ordinary device loads
RC low pass filter at low frequencies because of high reactance of capacitor. This interaction has
to be taken into account in the design of a multistage filter. It is difficult to achieve no loss
condition in the pass band of LC filter because of the heavy inductance used at low frequencies.

Op-amp because of high input impedance and low output impedance provide
excellent isolation of different stages of a filter network without actually using inductors. It is
possible to realize network functions that can be realized when inductor is used. It is possible to
construct active filters with gain. The circuit as shown in fig 1. With a resistor in series with a
capacitor is called op amp low pass active filter. The closed loop gain of low frequencies filter is
given by.

Where the cut off frequencies f2=1/2R2C2

The closed loop gain of high pass filter is given by,

An active band pass filter may be realized by combining the two filters. The
resulting circuit and the frequencies response as shown in fig 3

Procedure:
Choose a value for the gain. Then R2= 10 and R1= 1k. Design a low pass filter

with f2 and a high pass filter f1. Evaluate C1and C2 using the values of R1 and R2 already selected.
Vary the frequency of the input signal and measure the corresponding output voltage using a CRO.
Change the frequency in suitable steps and measure the output at each setting.

Plot a graph between frequency values and the ratio (v0/vi) values. Determine gain
and the cut-off frequency of the filter. Compare with design values. Repeat the experiment on a
high pass filter. Also repeat the experiment with a band pass filter whose circuit is shown in the fig
3. Compare bandwidth value with design values.

f1 f2 frequency
fig 3: Frequency response curve of band- pass filter

Gain
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For Low pass filter
Frequency Output voltage

Vo (Volts)
Gain Vo / Vi 20 log (Vo / Vi) log f

For High pass filter
Frequency Output voltage

Vo (Volts)
Gain Vo / Vi 20 log (Vo / Vi) log f

For Band pass filter
Frequency Output voltage

Vo (Volts)
Gain Vo / Vi 20 log (Vo / Vi) log f

From graph:
Low pass filter:

Observed cut off frequency = ; gain =
Calculated cut off frequency = ; gain =

High pass filter :
Observed cut off frequency = ; gain =
Calculated cut off frequency = ; gain =
Band pass filter :
Observed lower cut off frequency = ;
Calculated cut off frequency = ; gain =
Observed upper cut off frequency = ;
Calculated cut off frequency = ; gain =

Precautions:
1) Check the working of 741 OP amp before using it in filter circuit.
2) Keep the input signal amplitude constant through out the experiment
3) Ensure common ground for all ground connections.
4) Some function generators may have offset null facility. Use it if no output signal is observed
even after circuit is assembled properly.
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RESULT:
First order high pass and low pass filters are constructed with the given cutoff

frequency values and their frequency responses are studied. The observed values are agreeing with
design values within %.

Exercise:

1) Assemble an active low pass filter and study its gain frequency response curve.
2) Assemble an active high pass filter and study its gain frequency response curve.
3) Assemble an active band pass filter and study its gain frequency response curve.
4) Assemble an active low pass filter to have a cut-off frequency of 4kHz and study its gain

frequency response curve
5) Assemble an active high pass filter to have a cut-off frequency of 1kHz and study its gain

frequency response curve
6) Assemble an active band pass filter to have a lower cut-off frequency of

1kHz.and to have an upper cut-off frequency of 4kHz. Study its gain frequency response
Curve.

.
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INTEL 8085 MICROPROCESSOR

Addressing modes:

A microprocessor system operates under the control by a series of instructions that make up a

program. An instruction is a command to the microprocessor to perform a specific operation on certain

data.

Let us consider the following instructions

a) MOV C, B – This instruction moves the contents of register B into register C.

b) LDA 2050H – Loads the contents of the memory location 2050H into accumulator.

1) Each instruction has two parts: first part indicates the task to be performed and it is called

Mneumonic (code in English characters that stand for binary op code) The second part is called

operand.

2) In the first example MOV specifies the tasks of instruction (to move the content of one register

to another) and is therefore called op code. In the remaining part of the instruction two data

registers (source , destination) called operands are specified

In the second instruction, LDA is the op code (in this instruction Acc is one of the operands). A

16-bit number is specified for operand. This number stands for a memory location and

represents the second operand. According to INTEL notation if 2050 location is intended the

instruction has to be entered in the order as op code, lower byte of address, upper byte of address

i.e. 3A 50 20. Here 3A is the hexadecimal equivalent for the mneumonic of LDA op code.

Above examples indicates that each instruction specifies an operation to be performed on certain data.

There are certain techniques by which the address of the data to be operated upon may be specified. The

various ways of specifying the operand are called the addressing modes.

There are five addressing modes

i) Direct addressing mode ii) Register addressing mode iii) Register indirect addressing mode

iv) Immediate addressing mode v) Implicit addressing mode

1 i) Direct addressing modes: In this mode, the address of the operand is specified directly within the

second and third byte of the instruction itself.

Examples:

a) STA 1850H: Load the contents of accumulator into memory location 1850H.



M.Sc. Physics 2 8085 microprocessor- addressing modes

b) LHLD 2015H: Load the contents of memory location 2015H into register L and the

contents 2016H into register H.

2 ii) Register addressing mode: In this addressing mode, the source or destination or both operands

are located in the microprocessor registers

Examples:

a) MOV A, B – The contents of register B is copied into register A

b) ADD B – The contents of register B is added to the contents of accumulation and the

result stored in accumulator.

3 iii) Register indirect addressing mode: In this addressing mode, the address of the

operand is specified by a register pair.

Examples:

a) MOV A, M – The contents of the memory location whose address is specified in H-L register

pair is copied into accumulator.

b) LDAX B – The contents of the memory location whose address is specified by B-C register pair

is copied into register A.

4 iv) Immediate addressing mode: In this addressing mode, the operand is specified in the instruction

itself.

Examples:

a) MVI B, 25H – The 8-bit data 25H is moved in to register B

b) LXI H, OF5AH – The 16-bit data OF5AH is moved into H-L register pair such that 5AH is

moved into register L and OFH is moved into register H.

5 v) Implicit addressing mode: Some instructions do not require the address of the operand. The

operands are implicit in the instruction itself. Most of these instructions operate on the contents of the

accumulator.

Examples:

a) CMA – Compliment the contents of accumulator.

b) STC – Set carry flag.

Exercise: Study programs given in material supplied and note the addressing mode of each

Instruction in the programs.
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INTEL 8085 MICROPROCESSOR

Architecture of 8085microprocessor

Pin configuration of 8085 microprocessor

8085 BUS configuration

The central processing unit of a digital computer built into a single LSI or VLSI chip is called a

microprocessor. It is the latest development in the field of computer technology. A VLSI chip

contains more than 10,000 transistors. Intel 8085 is an 8-bit NMOS microprocessor. This means the

transistors used in the manufacturing of 8085 IC are N-channel Metal Oxide Semiconductor Field

Effect Transistors. The 8085 IC has 40 pins and operates on a single +5V DC power supply. Its

clock speed is 3MHz. Its memory capacity is 64k Bytes. In the IC, there are 4 functional units:

Timing and control unit, to send central signals and synchronize the p operations with the clock;

ALU, to perform arithmetic-logic operations on the data given, Interrupt control unit, to interrupt the

execution of program; and serial I/O central unit, to content, the serial form of data into 8-bit, parallel

data and vice versa. To reflect the data conditions, 5 Flags are used.

In order to use the microprocessor for a particular application, it has to be connected to various

devices. To communicate with the outside world or internal parts, a Microprocessor uses 3 buses

namely: address bus, data bus and control bus. The address bus is unidirectional and data bus is bi-

directional. Some lines in control bus are input lines and others are output lines. The internal

architecture of 8085 Microprocessor determines how and what operations can be performed with

data.

The operations are: To transfer 8-bit data, to perform arithmetic and logic operations, to text, for a

condition and to sequence the execution of instructions.

The 8085 Microprocessor instruction set, has 74 operation codes that result in 246 instructions.

The set includes data transfer, arithmetic, logic, branching and machine control instructions. All

these instructions may be one byte, two byte or three byte long. In the instructions, the source and

destinations are operands. There are various ways or formats of specifying the operands, which are

called the addressing modes. The 8085 microprocessor has 5 types of addressing modes namely,

direct, Register, Immediate, Register indirect and Implicit.
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Unlike several other manufactures, the INTEL corporation supplied detailed instruction set, technical

details and developed a kit for learning about 8085 microprocessor. The 16-bit processors of INTEL

namely 8086 and 8088 are similar members with similar internal architecture. IBM adopted INTEL

processors as CPUs in its brand of personal computers. Further, all over the world INTEL 8085 is being

used as model to acquaint about processors and various interfacing aspects. So, it is still in circulation and

it is considered essential to learn about this processor.

Introduction to microcomputer:

Computer being a general-purpose device can be used in different varieties of applications – word

processing, computation or controlling industrial process are few of them. But the microcomputers, as the

name implies, are small computers having limited capacity, are used for specific applications.

Figure (1) shows a block diagram of a simple microcomputer consists of CPU, memory, input and

output devices.

The function of a microcomputer is receiving data and information and processing it. It means performing

arithmetic are logical computations on data, store the results or data or information in memory and display

the results of the computation.

The means used to receive data are known as input devices. Some of the input devices are: keyboards,

switches, mouse etc. A device, which performs computations, is known as arithmetic logic unit (ALU). In

microcomputers, a single chip called microprocessors performs this task, together with control of all

devices. Some of the well-known microprocessors are: 8085, 8086, Z80, 650Z etc. Storage of data

instructions is accomplished using memories. Cassettes, floppy disks, CD ROMs, semiconductor

memories are some examples for memories. Presenting of results is done by output devices. Commonly

used output devices are monitor (VDU), printers, Seven segment LED displays, LCDs. Figure (1) gives a

block diagram of a typical microcomputer.

CPU

Address Bus

Memory
Input

device

Output
device

Data Bus

Control Bus

Fig 13.1 Block diagram of a simple microcomputer
consists of a CPU
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Various peripherals-I/o devices, memories etc – are connected to the microprocessor by means of three

types of buses: Address bus, data bus and control bus. A bus is a group of conducting wires.

Over the address bus, the microprocessor transmits the address of the device, with which it desires to

communicate (access). The number of devices or memory locations that a CPU can address is determined

by the number of address lines. For example, a CPU with 16 address lines can address 216 or 65,536 or

64K(210 = 1024 = 1K) locations. This bus is unidirectional. It means information can flow in one direction

only. The CPU sends the address information on these lines.

Over the data bus, CPU can read in or writes out the data to various memory or I/O devices. Therefore,

this bus is bi-directional. Normally data bus widths of sizes 8, 16, 32 etc. are used.

Control bus may consist of some input lines, some output lines and some bi-directional lines depending

upon the processor. CPU sends out some control signals like memory read, I/O write etc that are necessary

for memory and I/O devices to work.

Architecture of 8085 microprocessor:

The internal logic design of the microprocessor is called its architecture, determines how and what

various operations are performed by the microprocessor. As shown in the block diagram (figure 13.2), it

consists of arithmetic and logic unit ALU, register section, a timing and control unit and other sections like

address / date bus buffers, interrupt control and serial I / O control.

Register Section:

Inside the 8085, there are several internal registers, which are used for executing a program.

a) Accumulator: It is also designated as register ‘A’ or Acc. It is an 8-bit register used for executing

various arithmetic and logical operations. In executing many of the instructions, one of the

operands must be in Acc. The accumulated result will also be in Acc, as the name ‘Accumulator’

implies. For example, during the addition of two 8-bit integers, one of the operands must be in Acc

and the result also stored in Acc.

In the I/O mapped I/O mode of data transfer communication with external devices takes place via

Accumulator. To send data to output devices in I/O mapped I/O mode the 8-bit data to be sent must be

kept in Acc before give OUT instruction. Similarly IN instruction transfers data from input port

addressed to Acc.

b) General-purpose registers: The 8085 has six general-purpose 8-bit registers labeled as B, C, D, E,

H and L. They can be used individually to store 8-bit information or can be used in pairs to hold

16-bit information or data or address. When used in pairs, only contains combinations viz., B – C,
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D – E and H – L are permitted. These registers are programmable, means that a programmer can

use them to load or transfer data from the registers by using instructions.

c) Program Counter (PC): PC is a 16-bit register used to point the memory address from which the

next instruction is to be fetched. Some times it is also called memory pointer. The contents of the

PC are automatically incremented by the microprocessor during the execution of the instruction, so

that at the end of execution of the present instruction it points to the address of the next instruction

in the memory.

The signal of RESET pin of timing and control unit presets the PC to 0000H memory

location which is the address of the very first instruction to be executed. The instruction

JUMP and subroutine call, also change the contents of PC.

d) Stack Pointer (SP): Stack is a portion of R/W memory set aside by the programmer. The stack is

used to save the contents of a register during the execution of a program. Stack pointer holds the

address of the top element of the stack. Whenever something is added to the stack, the stack

pointer is decremented and whenever something is received from the stack, the stack pointer is

incremented. Hence, the SP always points to the top of the stack.

To control bus To control bus

Serial I/O
control unit

Interrupt
control unit

Accumu
lator (8)

Temp.
Register

(8)

Flags
5

Instruction
register

(8)

Incrementer/Decrem
enter address Latch

Register
Array

B (8)
D (8)
H (8)

C (8)
E (8)
L (8)

SP (16)
PC (16)

8–bit internal data bus

ALU (8)
Instruction

decoder
(8)

Address
Buffer

Address / Data
Buffer

Control Bus

Timing and control unit

A15–A8
address bus

AD7– AD0 ADDRESS
DATA BUS

Fig 2 Block diagram of 8085 Microprocessor
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e) Instruction register and instruction decoder: After fetching an instruction code from memory, the

microprocessor stores it in the instruction register, which is then decoded by instruction decoder

and then microprocessor performs the required operation.

f) Status flag register: The flag register or status register consists of five status flip-flops called flags.

Each of these flip-flops holds 1-bit information that indicates certain condition that occurs during

an arithmetic or logic operation. The five status flags available in 8085 as shown below are Sign

(S), Zero (Z), Auxiliary carry (AC), Parity (P), and carry (Cy).

Sign flag S – After the execution of a signed arithmetic or logical operation in ALU, if D7 bit of the result

in accumulator is 1, the sign flag is 1 indicating that the result is negative.

Zero flag Z – Zero flag is set to 1, if the ALU operation results in 0, and the flag resets to zero, if the result

is not 0.

Auxiliary Carry AC – In an arithmetic operation, when a carry is generated by digit D3 and passed on to D4,

the AC flag is set.

Parity flag P – If an operation produces even number of 1 in its result, the flag is set to 1. For odd number

of 1s in the result, the flag is reset to 0.

Carry flag C – If an ALU operation produces a carry or borrow in its result, the carry flag set to 1,

otherwise it is reset.

g) Temporary register: This register is used to hold information from the memory or from the register

array of the ALU. The other input to the ALU comes from the accumulator.

h) Address Buffer and Address/Data buffer: Through these buffers microprocessor transfers address

as well as data required for memory and input/output devices.

The Arithmetic and Logic Unit (ALU):

The ALU performs the computing functions like addition, subtraction, logical AND, OR

and EX-OR, increment, decrement, complement, compare etc. It includes the accumulator, the temporary

register, the arithmetic and logic circuits and flag register. The result is stored in accumulator and flags one

set or reset according to the result of the operation.

Timing and Control Unit:

Fig 3: Bit position of the flags in flag register. (X stands for unused)

S CYPACXZ X X

D7 D6 D5 D4 D3 D2 D1 D0
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Main function of the microprocessor in the microcomputer system is to perform computations and

controlling peripherals like memory and I/o devices. The timing and control unit provides status, control

and timing signals, which are necessary for the control of these peripherals.

Pin Configuration of 8085 microprocessor:

The INTEL 8085 is an 8-bit microprocessor fabricated in a 40 Pin DIP package. It operates with single

+5VDC supply and with a clock speed of 3 MHz. All the signals corresponding to 40 pins can be divided

into six functional groups: 1) Address bus, 2) data bus, 3) Control and status signals, 4) power supply and

clock signals, 5) Interrupts and peripheral initiated signals, and 6) serial I/O ports. The pin diagram and

signal diagram are shown in Figs15.4 a and 15.4b.

Address Bus:

The 8085 has 16-bit address bus capable of addressing 216 (= 26 x 210 = 64 x 1k = 64k) memory

locations. The high order 8 address lines A8 – A15 carries high order address of memory through this bus.

Multiplexed Address/data bus:

These 8 lines are time multiplexed low order 8-bit address as well as 8-bit data bus. In the execution of

an instruction, during the first clock cycle microprocessor sends out low order 8-bit address and during the

remaining clock cycle microprocessor sends out 8-bit data on these pins in multiplexed mode. However,

the low – order address bus is separated from data bus using a latch.

Fig(a) 8085 IC pin diagram
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Control and status signals:

This group of signals includes two control signals, RD and WR , three status signals, IO/ M , S1 and S0,

and one special signal ALE. The functions of these signals are as follows:

ALE – Address Latch Enable: A positive going pulse is generated every time when microprocessor

sends out address over multiplexed bus. It is used to latch the low-order address from the multiplexed

address/data bus on to an octal latch, to generate separate set of eight address lines A0 to A1.

RD - This active low control signal indicates that the selected I/O or memory device is to be read and data

is available on the data bus.

WR - This active low write control signal indicates that the data on the data bus, is to be written into a

selected memory or I/O device.

IO/ M - This status signal is used to differentiate between I/O and memory operations. A high on this line

indicates an I/O operation whereas a low indicates a memory operation. This signal is combined with RD

and WR to generate I/o and memory control signals.

S1 and S0 - These status signals can be used to identify various operations of microprocessor as shown

below.

Status signals
Operations

Io/M S1 S0

0 1 1 Opcode fetch

0 1 0 Memory Read

0 0 1 Memory write

1 1 0 I/O Read

1 0 1 I/O write

1 1 1 Interrupt Knowledge
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Power Supply and clock frequency:

The power supply signals: Vcc is +5 volts DC supply and Vss - ground reference X1 & X2 – An external

crystal connected to these two pins generates a clock frequency by the internal oscillator for the operation

of microprocessor. Two divides the oscillator frequency internally; therefore, to operate a system at 3MHz,

the crystal should have the frequency of 6MHz.

CLK OUT – This signal can be used as the system clock for other devices.

Interrupts and Externally initiated operations:

Interrupts: When an interrupt is recognized, the next instruction is executed from a fixed location in the

memory. The 8085 has five interrupt signals that can be used to interrupt a main program execution.

These are TRAP, RST 7.5, RST 6.5 RST5.5 and INTR. The TRAP is a non-maskable interrupt having

highest priority among the other interrupts.

INTR – INTR is an interrupt request signal. An interrupt is used by an I/O device to transfer data to the

microprocessor without wasting its time.

INTA - INTA is an interrupt acknowledge signal sent by the microprocessor after INTR is received.

INRESET - It resets the program counter to zero, causes the microprocessor to execute the first

instruction at the 0000H location.

READY – Input signal. It is used by slower devices to request the microprocessor to wait until they are

ready for data transfer. Microprocessor enters into WAIT states as long as this pin is active.

.6 Serial I/O Ports:

The 8085 have two signals to implement the serial date transmission.

SID – Serial data input line. A serial data bit on this line is loaded into the most significant bit (D7) of

accumulator, when RIM instruction is executed.

SOD – Serial data output line. The most significant bit (D7) of accumulator is output on this line when

SIM instruction is executed.

13.5 8085 BUS configuration:
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The program instructions are stored in memory. To execute an instruction the microprocessor first

sends out the address of the memory location on address bus. The address is decoded and the memory

location, where the instruction is stored is accessed. The instruction operation code (op code) is fetched

through data bus, and placed in instruction decoder. Here the number of bytes further needed is identified

and the number of machine cycles needed is determined. Timing and control section issues necessary

signals to proceed further with the instruction and the execution of the instruction is completed. These steps

are known as “Fetch, Decode and Execute”. All these operations are performed in synchronization with

system clock. Therefore these operations are performed at a given time period, depending on the clock

frequency. During these operations the 8085 signal activations can be visualized by studying its timing

diagram. The timing diagrams will give us a clear understanding of how the microprocessor works.

Timing diagram:

Figure 13.5 is the timing diagram of MOV B, A (op code 47H) stored in a memory location say, 3050H.

Figure shows the timing activities of various signals like address bus, data bus, RD , WR , ALE,

IO/ M etc.

The first one in the figure is the clock waveform. One cycle of this clock is called a state labeled as T.

A basic microprocessor’s operation such as reading a byte from memory or writing into a port is called a

machine cycle. The time a microprocessor requires to fetch and execute an entire instruction is known as

an instruction cycle. An instruction cycle may consist of one or more machine cycles.

T1 T2 T3 T4

S0 = 1, S1=1 op code fetch

30 H

CLK

A15 – A8

AD7 – AD0

ALE

RD

S0

S1

IO / M
IO / M

High-order address Undefined

50H 47H op code

address

Low-order

Status

Fig. MOV B,A timing diagram
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The sequence of steps involved in the execution of an instruction MOV B, A having the operation code

47H stored in memory location 3050H are as follows (See figure 13.5):

Step 1 – The microprocessor places the contents of program counter 3050H on the address bus, such as

30H on the high order address bus and 50H on the low – order AD0-AD1 bus.

Step 2 – ALE goes high indicating AD0 – AD7 bus contains low order address. This signal is used to store

lower byte of address in an octal latch for further use as AD bus gets converted to data bus from second

clock cycle.

Step 3 – IO/ M goes low to indicate the operation relates to memory.

Step 4 – Both S1 and S0 goes high to tell the operation is op code fetch. All these operations from step 1 to

step 5 is performed in T1 state.

Step 5 – During T2, RD goes low since it is memory read operation, the program counter is incremented

by one i.e.3051H, ALE goes low . The content of memory location 3050H, which is 47H, the op code of

MOV B, A is placed on the data bus.

Step 6 – In T3 state, 47H is read by microprocessor and transferred instruction decoder.

Step 7 – During T4, microprocessor decodes the instruction and executes the specified operation i.e.

transferring of accumulator contents into register B.

Above figure shows a complete machine cycle (in this case it is also equal to one instruction cycle)

consisting of four states. If the clock frequency (f) is 2 MHz, the time for one clock period is

T =
f

1
=

6102

1


=

2

10 6

= 0.5s

Total execution time = T- states x clock period = 4 x 0.5 x 10 – 6 = 20s.

Suggestion to teachers:
1) It is essential that student understands the architectural details and the purpose of signals at

various pins.
2) Student must be in a position to appreciate the significance of the status of signals

generated at various clock cycles in a given instruction cycle.
3) Student must be in a position to identify the various ICs and various components used in

microprocessor kits.
4) Students must be made to understand the concept of various types of memory and accessing

it.



ACHARYA NAGARJUNA UNIVERSITY 1 CENTRE FOR DISTANCE EDUCATION

INTEL 8085 MICROPROCESSOR

Various groups of Instructions:

It is clear from the previous studies that the 8085 have a collection of 8-bit and 16-bit registers and 8-bit

memory locations that can be used for programming purpose. The collection of these register and memory

locations used by the programmer is called programmer’s model. The programmer’s model of 8085

consists of

i) 8-bit Accumulator ii) Six 8-bit registers: B, C, D, E, H & L or three 16-bit registers: B-C, D-E

& H-L .iii) 16-bit program counter PC iv) 16-bit stack pointer SP v) 8-bit flags register

vi) 64KBmemory locations divided into ROM, RAM and stack areas and vii) 64 I/O ports.

An instruction is a command to the microprocessor to program a specific task. The entire group of

instructions is called its instruction set. The 8085 instruction set has 74 op-codes that result in 246

instructions. Depending on their function all these instructions can be classified into the following

categories:

i) Data transfer group ii) Arithmetic group iii) Logical group iv) Branch group

v) Stack, I/o and machine – control group.

i) Data transfer group: These instructions copy data from a source into a destination without

modifying the contents of the source and without affecting the flags.

8-bit data transfer as

1) MOV destination, source – Copies the contents of source into destination where the source

may be

– an immediate value (e.g.# 35H)

– an 8-bit register (A, B, C, D, E, H & L)

– the contents of a memory location whose address is specified in H-L reg. Pair

The destination may be

– an 8-bit register (reg.)

– the contents of a memory location whose address is specified in H-L reg.

pair. But both source and destination should not be memory contents and

the destination should not be an immediate value.
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Examples:

Between registers:

MOV B, C – data of register C is copied into register B.

Specific data byte into a register or memory

MVI B, 2FH – data 2FH copied into register B

MVI M, 2FH – data 2FH into a memory location whose address is specified by H-L pair (Before this

instruction H-L pair should be loaded with a memory address)

Data transfer between memory location and a register

MOV M, B – copy the contents of reg. B into a memory location address by H-L pair.

MOV B, M – copy the contents of memory location address by H-L pair into reg. B.

LDA 16-bit address: Load accumulator directly the contents of memory location whose address is specified

in the second and third byte of instruction.

e.g.: LDA 2050 H – Load the contents of memory location 2050H into the acc.

STA 16-bit address: Store accumulator direct.

The contents accumulator is stored into a memory location whose address is specified with second and

third byte of instruction.

STA 30A0H – Store accumulator content directly into memory location whose address is 30A0H.

LDAX rp: Load acc . indirect rp = B – C / D – C.

The contents of memory location whose address in the register pair rp is loaded into the acc.

STAX rp: Store acc. Indirect rp = B – C / D – E.

The contents of acc. is stored in memory, whose address is in the register pair rp.

e.g.: STAX B – Store the contents of acc. Into the memory location addressed by B – C.

16-bit data transfer:

1) LXI rp. data 16: Load register pair immediate.

rp = B – C / D – C | H – C | sp.

The 16-bit immediate data is loaded into the specified register pair.

e.g. LXI H, 2450H – Loads 2450H into HL pair such that 50H is in L and 24H in H.

e.g: LDAX B – This instruction will load the contents of the memory location, whose address is in B – C

reg. Pair into acc.

2) LHLD 16-bit addr. : Load H – L pair direct.
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The contents of memory location, whose address is specified in second and third byte of instruction is

loaded into register L. The contents of the next memory location are loaded into register H.

e.g: LHLD 3050H – This instruction loads the contents of 3050H into register L and the contents of 3051H

into register H.

3) SHLD 16-bit addr: Store H – L pair direct.

The contents of register L is stored into the memory location whose address is specified in the

instruction, and the contents of register H is stored in the next memory location.

e.g: SHLD 3500H – This instruction will store the contents of register L in the memory location 3500H and

the contents of register H is the location 3501H.

4) XCHG: Exchange the contents of H – L with D – E.

The contents of register pair H – L are exchanged with that of the register pair D – E.

e.g. if DE=2050;HL=307F ; after the execution of XCHG instruction DE=307F; HL=2050

ii) Arithmetic group:

These instructions perform arithmetic operations such as addition, subtraction, increment and

decrement.

i) 8-bit addition and subtraction: The 8085 can execute two types of addition / subtraction instructions –

addition or subtraction with out carry and addition or subtraction with carry. Both addition instructions can

be used to add the contents of accumulator to the contents of one of the general purpose registers or the

contents of memory locations (address in H – L pair) or all immediate data byte.

a) These instructions assume that the acc. is one of the operands.

b) Place the result in the acc.

c) Do not affect the contents of another operand and

d) Modify all the flags according to the data condition in acc.

e.g.1: ADD B – Adds the contents of register B with the contents of the accumulator and the result is stored

in the acc. If a=05H and B-0 7H ,execution of ADD B modifies the content of A as 0CH. Reg B content is

not altered. As 8085 handles data in binary in the display we see the hexadecimal equivalent of result OCH

.Don’t expect the decimal answer of 12.

e.g.2: ADD M – The contents of the memory location addressed by the pair is added to the contents of acc.

one result is stored in the acc.

e.g.3: ADI 35H – The 8-bit immediate data 35H is added to the contents of the accumulator and the result

is stored in acc.

e.g.4: ADC D – The contents of register D and carry flag are added to the contents of acc. and result is

stored in the acc.
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e.g.5: ADC M – The contents of memory location addressed by H – L and carry are added to the contents

of the acc and the result is stored in the acc.

e.g.6: ACI 35H – 35H with carry are added to the contents of acc.

e.g.7: SUB B – The contents of register B is subtracted from the contents of the acc. and the result is stored

in the acc.

e.g.8: SBB M – The contents of the memory location addressed by H – L pair and carry are subtracted from

the contents of acc. And the result is stored in the acc.

ii) 16-bit addition:

This instruction adds 16-bit data of H – L register to the 16-bit data of another 16-bit register contents.

Result is stored in HL pair. Except carry no other flags are effected.

DAD rp: Add the content of register pair specified to the content of H-L pair and store the result in H-L

pair.

rp = B-C / D-E / H-L / sp.

The contents of register pair rP are added to the contents of H – L pair and the result is stored in H – L

pair.

e.g.: DAD D – The contents of register pair D – E are added to the contents of HL pair and the result is

stored in H – L pair. If the result is more than 16-bits carry flag is set. No other flags are affected.

iii) 8-bit increment/decrement:

These instructions increment or decrement the contents of 8-bit registers or the contents of memory

location whose address is specified in H – L register pair.

Carry flag is not affected.

e.g.: INR D – The contents of register D is incremented by one.

INR M – The contents of memory location addressed by H – L pair is incremented by one.

DCR C – The contents of register C is decremented by one.

DCR M – The contents of the memory location addressed by H – L pair is decremented by one.

iv) 16-bit increment/decrement:

1N x rp: Increment register pair contents

rp = B – C / D – E / H – L / sp.

e.g.: 1NX H – The contents of the H – L pair is incremented by one. No flags are affected.

DCX rp: decrement register pair contents.

rp = B – C / D – E / H – L / sp.
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e.g.: DCX B – The contents of the B – C pair is decremented by one. No flags are affected.

However it becomes necessary in some programs to check whether the execution of DCX rp resulted in

zero or not . After each decrement by checking the logical OR result of the registers involved one can

ascertain it See how this is done in program no. .

v) Decimal adjusting data:

DAA: Decimal adjusting accumulator.

DAA instruction is used in the program after an addition instruction. The DAA instruction operates on the

result in the accumulator and the final result in decimal form. It uses carry and auxiliary carry for decimal

adjustment. To use the DAA instruction the two numbers added should be in BCD form.

iii) Logical Instruction:

These instructions perform logical operations such as AND, OR, EX-OR, compare, rotate and

complement of data in register or memory.

1) Logical OR, AND, NOT and EX-OR operations.

a) These instructions implicitly assume that the accumulator is one of the operands

b) Place the result in accumulator.

c) Do not affect the contents of the operand reg. (except NOT operation)

d) Some of the flags are affected according to the result.

e.g.1: ORA D – The contents of the register D is logically OR ed with the contents of the accumulator and

the result is stored in the accumulator.

e.g.2: ANI 23H – The data 23H is logically AND ed with the contents of the accumulator and the result is

stored in the accumulator.

e.g.3: XRA M – The contents of the memory location addressed by H – L pair is EX – OR ed with the

contents of the accumulator and the result is stored in the acc.

e.g.4: CMA – The contents of the accumulator is complemented and the result stored in accumulator.

2) Comparison:

The contents of the accumulator is compared with the contents of the other register or the contents of the

memory location addressed by H – L pair or an 8-bit data.

CMP R – Compare register with accumulator

CMP M – Compare memory contents with accumulator.

CPI 8-bit data – Compare immediate data with accumulator

Here comparison is performed through subtraction. However, neither contents are modified, but the

result of the subtraction is only reflected in the form of conditional flags.
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i) If the content of A is lesser than compared data , carry flag set 1.

ii) If the content of A is greater than compared data, carry flag is zero.

iii) If both are equal, zero flag set to 1.

3) Rotate Instructions:

a) The rotate instructions are register specific, operates only on the accumulator

b) In these instructions, the bit that is shifted out is used as the new bit shifted in

c) There are four rotate instructions to rotate a bit pattern in the accumulator to the left or to the right

with or without carry.

RLC – rotate accumulator left

RRC – rotate accumulator right

RAL – rotate all (including carry) left

RAR – rotate all (including carry) right.

iv) Branching Instructions:

The flow of a program proceeds sequentially, from instruction to instruction, unless a control transfer

command is executed. The branch instructions allow microprocessor to go to a different memory location,

either unconditionally or conditionally (under certain test conditions) and  continues executing

instructions from that new location.

The branch instructions are classified in three categories:

– Unconditional/conditional jump instructions.

– Unconditional / conditional call and return instructions

– Restart instructions.

Jump Instructions:-

a) Unconditional jump

JMP addr – The program counter is loaded with 16-bit address and the program execution jumps to that

address unconditionally.

b) Conditional jump

conditional jump instructions first check for the condition and if the condition is satisfied then only

execution jumps to new location. Flag(I), sign flag(S), and purity flag (P).

e.g.1: JC addr – Jump on Carry

JNZ addr – Jump on No zero

JPE addr – Jump on even parity.
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Call and Return instructions:-

The call instruction is used in the main program to call a subroutine, and the return instruction is used at

the end of the subroutine to return to the main program. When a subroutine is called, the contents of the

program counter, which is the address of the instruction following the call instruction, is stored in the stack

and the program execution is transferred to the subroutine address. When the return instruction is executed

at the end of the subroutine, the memory address stored in the stack is retrieved, and the sequence of

execution is resumed in the main program.

a) Unconditional call

CALL addr – unconditional call

b) Conditional call:

CC addr – call if the carry flag set

CNC addr – call of the carry flag not set

CNF addr – call on No zero

a) Unconditional return

RET – unconditional return

b) Conditional return

RC – Return on carry

RNC – Return on No carry

RP – Return on positive

Restart Instructions:

Restart is a one byte CALL instruction. Because these instructions are having specific call addresses for

specific restart instructions as specified bellow. The program jumps to the instruction starting at restart

location.

Restart Instruction Location

RST 0 0000H

RST 1 0008H

RST 2 0010H

RST 3 0018H

RST 4 0020H

RST 5 0028H

RST 6 0030H

RST 7 0038H
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One interesting use of RST instruction is to create break point. Finding mistakes(bugs) in a big program

can be made simple by inserting break points at desired places. Program terminates when RST instruction

is executed. If there are no bugs up to that point, the break point can be shifted to some other place . The

process of removing bugs is called debugging. Instead of HALT instruction one may use Break point for

the safe transfer of control to monitor program.

v) Stack, I/o and machine – control group:

a) Stack instructions

PUSH rp – PUSH register pair onto stack

rp = B – C / D – C / H – C / psw.

The content of the specified register pair is pushed onto stack after the stack pointer is decremented by

two.

e.g.: PUSH B – The contents of register pair B – C is pushed on to stack.

POP rp – POP off stack to register pair.

rp = B – C / D – C | H – C | psw.

The top two elements of the stack are POP ed into the specified register pair. The stack pointer is

incremented by two.

e.g.: POP D – The contents of stack top POP ed into register pair D – E.

In some programs the available internal registers may not be sufficient to write the program. However

some of the registers may not be needed immediately. In such situations the contents of immediately not

used register contents are pushed on to the stack. These registers are used for the present need and once the

purpose is served, they are reloaded with their earlier values with POP instruction. If a series of push

instructions like PUSH B, PUSH D, PUSH H are used, to restore their original contents the POP

instructions must be in the order POP H, POP D, POP B as stack operations follow first in last out policy.

b) I/O Instructions

IN port-addr – Input to accumulator from input port

The data available on the port is moved into the accumulator. Port address is 8-bit.

OUT port-addr – Out put from accumulator to output port. The contents of the accumulator is moved to the

port whose 8-bit address is specified in the instruction

External devices with suitable interfacing can be connected to input and output ports. The power of

microprocessor lies in its ability communicating with external devices. Industrial digital control systems,

Robots and other smart devices work under microprocessor control. All together
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256 I/O devices can be connected . The devices which use IN and OUT instruction for data transfer are said

to be operating in I/o mapped I/o mode. If more than 256 devices are to be connected , Memory mapped

I/O mode can be used. In this mode each device is assigned with a 16 bit address.

c) Machine control instructions

These instructions are used to control the microprocessor operation.

e.g.: HLT – Halt

The execution of the HLT instruction stops the microprocessor.

Suggestion to teachers : Students must be trained to appreciate the use instructions in various groups of

instructions. Small problems may be given for writing programs and after ascertaining

That students developed good background they may be asked to write the programs for bigger problems.

Students have to be at ease while writing programs and should not get by heart the programs given as

examples. Students cannot get good programming experience by doing the four practicals given in the list.

They have to be taken as examples only and teachers can give much better problems than these.
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Experiment No. 9
DATA TRANSFER PROGRAM

Aim: To write an 8085 assembly language program to transfer data from one memory
area to another area.

Apparatus: 8085A Microprocessor kit and SMP with 5V DC current 3A. and 12V DC 100mA
Outputs.

Method: The method involves simple algorithm given below
1. Initialize the source memory pointer (mem ptr)
2. Initialize the destination pointer (dest ptr).
3. Initialize a byte counter
4. Increment the source and destination memory pointers
5. Transfer the first byte of source data to destination location pointed to by destination pointer.

As there is no direct memory to memory instruction for 8085, transfer content of source
location is to accumulator or some other general-purpose register and then transfer it to
destination location.

6. Decrement the byte counter. Check the content of the byte counter to see whether it zero or
not by verifying the status of ZERO FLAG. It is done using JNZ or JZ instructions. If byte
counter (content) is not zero transfer the control to step 4 to repeat transfer operation .If the
byte counter is zero, it means all the bytes are transferred from source area to destination area.
Go to step 7.

7. Halt or break the program execution and transfer the control to monitor.

To convert this algorithm to a form compatible for 8085A kit we have to define the memory as
follows:
Defining program & data area:
Program area: It starts from the address XX00. XX stands for upper byte of address. It is defined by
the Microprocessor kit manufacturer. To know about this one has to refer to the technical manual that
is supplied along with the kit. In giving examples programs commence from C000.
The data area: Data area starts from the C051. The number of bytes of data available for transfer is
given in location C050. The destination area for the transfer of data commences from C071
(It can be changed)
Stack memory area: The present program doesn’t use stack.

With these locations defined as above the modified algorithm will be as follows:
Algorithm: The data transfer can be affected in several ways. Algorithm for one such method is given
below.

1. Initialize the source memory pointer by loading the address C050 in the HL register
pair.

2. Initialize the destination pointer is by loading C070 in DE register pair.
3.Initialize a general purpose register (say C) as byte counter by moving the content of

C050 location to C register. It is needed for loop operation.
4. Increment the source and destination memory pointer to C051 and C071 respectively.
5. Transfer a byte of source data is to Accumulator
6. Transfer the content of accumulator to its destination.
7. Decrement the byte counter.
8. If byte counter (content) is not zero go to step 4 to repeat transfer operation .If the byte

counter is zero Go to step 9.
9.Halt or break the program execution and transfer the control to monitor.

The problem of transferring a block of data from one memory area to another memory area
can be presented by means of a flow chart for better understanding as given in Fig 1
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K in circle is used to indicate continuation of flow chart. It is usually done when flowchart
Extends from one page to another. Here it is done to save space in the page.

Address Label Mnemonics Operands machine Comments
Code

C000 LXI D, C 070 11, 70, C0 : Initialize dest.ptr with C070

C003 LXI H, C050 21, 50, C0 : Initialize source ptr with C050

C006 MOV C,M 4E : Initialize byte counter

C007 loop : INX H 23 : Increment source pointer

C008 INX D 13 :Increment destination pointer.

C009 MOV A,M 7E : Move the content of memory
location pointed to by source pointer
to accumulator(ACC)

C00A STAX D 12 : Move the content of ACC Memory
location pointed to by destination
pointer

C00B DCR C 0D : decrement byte counter by one.

C00C JNZ loop C2 07 C0 : If C is not equal to zero then go to
location labeled loop

Fig 1

NO

START

K

Initialize H-L pair as
memory pointer.

Get the count in
‘C’ register

Increment Source and

Dest. ptrs to next loc.

Move the source content
To A.

YES

K

IS
C = 0

?

STOP

Move content of
A to Dest loc.

Decrement byte
Counter C
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C00F HLT /Break EF : Halt/ transfer control to monitor.
Procedure:
Identify the RAM area in the kit by referring to the manual given. Identify the Exam Mem/load
Memory Key. When this key is pressed Seven-segment display (SSD) of address field (one for each
digit of 4-digit address) and data field becomes blank. Enter starting address of program in address
field (EX C000) and press NEXT key. Control transfers to data field. Enter data pertaining to the
address given (EX 11). Press NEXT key. Monitor increments the address displayed to next address
(Ex C001). Enter data corresponding to that address (EX 70). Press NEXT and go on entering data
given in column 4 until all the bytes are entered. Do not forget to press NEXT key after each entry of
byte of data.
After entering the program verify whether all the bytes are entered as is expected. Press RESET key
and EXAM MEM keys one after the other. Enter starting address of source data memory (EX C050)
And press NEXT key. Enter corresponding data (EX 05). Press NEXT key. Address increases. Enter
data corresponding to that location EX (01). Repeat the procedure until all the data bytes are entered.
Before execution of program the destination area may contain any thing called junk data. It is
represented by XX. (See table 1).
Sample: Data before execution of the program

TABLE 1

Source Memory data Dest memory data
Location location
C050 05 C070 xx
C051 01 C071 xx
C052 02 C072 xx
C053 03 C073 xx
C053 04 C074 xx
C055 05 C075 xx

After entering data ensure whether data was entered correctly or not. After entering the program and
data correctly, press RESET key. Press GO key. Monitor transfers the control to some address in
permanent memory area .Now enter starting address of the program (EX C000). Press EXEC key.
Display changes to the standard logo of kit manufacturer that is displayed whenever RESET key is
pressed. Now press EXAM MEM key and enter address of first location in destination area
(EXC071), in address field. If the program was written correctly one sees 01(the program is expected
to transfer content of the first location in source area (here 01) to first location in destination area).
Pressing NEXT key displays next address and its data
(EX C072 02). Verify whether all the bytes are transferred ).

Data after execution of the program:
TABLE 2

Source Memory data Destination Mem data
Address address

C050 05 C070 XX
C051 01 C071 01
C052 02 C072 02
C053 03 C073 03
C074 04 C074 04
C075 05 C075 05
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RESULT:
After execution of the program the data given in table is transferred from memory area

starting from C051 to destination area starting from C071 as shown in table 2.

LIMITATIONS: This program can transfer a maximum no. of 256 bytes data only.

PRECAUTIONS: 1. The operational codes should be given correctly.
2.the program must be checked before the execution of program.

Suggestions to teachers: As execution of programs take less amount of time give good number of
exercises to students in class room and

1) Encourage the students to write their own programs
2) Make students use their own data without repeating others data.
3) Make students write their program from other starting address.
4) If microprocessor kits of different makes are available let them run their

Programs on those kits after making needed modifications.
5) Encourage students to read program given in machine code and write

Corresponding assembly language instructions.
6) Encourage students to write the programs using variety of instructions so that

The program occupies less number of bytes.
7) Encourage students to write the programs using variety of instructions so that

the program takes less execution time.

Exercises:
1) create source data of 10 (Decimal) bytes; make suitable modifications

in the given program and execute it and verify the destination area.
2) create source data of 10 (Hexadecimal) bytes; make suitable modifications

in the given program and execute it and verify the destination area.
3) make modifications in Ex2 so that data is copied from source data to destination

in reverse order.
4) make suitable modifications to program in Ex2 to copy source data to destination

if the source area and destination area overlap.
5) modify the program in Ex2 using LDAX rp and STAX rp instructions.
6) Write program of your own using some other register as byte counter.
7) Write a program to copy a byte of data in 12 locations in destination area commencing

from XX81 location.
8) Study the program given at the end and include suitable remarks in remarks column.
9) Write a program to interchange the contents data given in two memory blocks.

other than the one given below.
10) Write a program that can transfer more than 256 bytes from source to

destination area.
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PROGRAM FOR ----------------
(See Ex 8)

ADDRESS LABEL MNEMONICS OPREANDS MACHINE COMMENTS/
CODE REMARKS

XX00 LXI H XX 50 21 50 XX

XX03 LXI D XX 70 11 70 XX

XX06 MOV C,M 4E

XX07 loop : INX H 23

XX08 INX D 13

XX09 MOV B,M 46

XX0A LDAX D 1A

XX0B MOV M,A 77

XX0C MOV M,B 78
XX0D STAX D 12

XX0E DCR C 0D

XX0F JNZ loop C2 07 XX

XX12 RST 5 EF
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Experiment No.10

LOGICAL GROUP OF INSTRUCTIONS

Aim: Writing programs illustrating the use of programs
1) To find how many negative numbers in a given list

Apparatus: 8085A Microprocessor kit and SMP with 5V DC current 3A and 12V DC 100mA
Outputs.

Method: The method involves simple algorithm given below
In signed binary code most significant bit (d7) is treated as sign bit. If it is 1 the
Number is a negative number If it is zero it is a positive number. So the method
Involves identifying the most significant bit and testing its status. It may be
done as follows

1. Initialize the source memory pointer
2. Initialize the destination pointer.
3. Initialize a byte counter. Initialize another register as number counter.
4. Increment the source and destination memory pointers
5. A (first) byte of source data is transferred to A register and tested for its sign.
6. If it is positive go to step 8 else continue.
7. increment number counter. Move the number to destination area. Increment location address in

destination area.
8. Increment source address. Decrement byte counter. Check whether the content of the byte counter

is zero or not by verifying the status of ZERO FLAG. It can be done using JNZ or JZ instructions.
If byte counter (content) is not zero the control is transferred to step 5 to repeat the operation .If
the byte counter is zero, it means all the bytes are transferred from source area to destination area.
Go to step 9.

9. Halt or break the program execution and transfer the control to monitor.

To convert this algorithm to a form compatible for 8085A kit we have to define the memory as follows:
Defining program & data area:
Program area: It starts from the address XX00. XX stands for upper byte of address. The Microprocessor
kit manufacturer defines it. To know about this one has to refer to the technical manual that is supplied
along with the kit. In giving examples programs commence from C000.
The data area: Data area starts from the C051. The number of bytes of data available is given in location
C050. The destination area for the data commences from C071
(It can be changed)
Stack memory area: The present program doesn’t use stack.
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With these locations defined as above the modified algorithm will be as follows:

Algorithm: The listing of negative numbers can be affected in several ways. Algorithm for one such
method is given below.

1.The source memory pointer is initialized by loading the address C050 in the HL
register pair.

2.The destination pointer is initialized by loading C070 in DE register pair.
3.A general purpose register (say C) is initialized as byte counter by moving the content of C050
location to C register. It is needed for loop operation.
4. Initialize B reg as negative number counter with 00.
5.Increment the source and destination memory pointer to C051 and C071 respectively.
6. A byte of source data is transferred to Accumulator
7. The most significant bit is isolated. The most significant bit (msb) of number in accumulator is

tested for sign.
8. If it is positive go to step
9. If it is negative increment number counter.
10. Increment destination pointer
11. Move the content of source location to destination location
12. Increment source address.
13. The byte counter is decremented.
13. If byte counter (content) is not zero go to step 6 to repeat operation .If the byte

counter is zero Go to step 14.
14.Halt or break the program execution and transfer the control to monitor.

The problem of identifying negative numbers and copying them into destination area can be presented by
means of a flow chart representation for better understanding as given in Fig 1

An assembly language program for listing negative numbers is shown in Fig2. This is not the only way to
write a program to list negative numbers. One may use different instructions to achieve the same purpose
or they may follow different logic. An alternative program to list negative numbers is shown in fig 3.
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K in circle is used to indicate continuation of flow chart. It is usually done when flowchart
Extends from one page to another. Here it is done to save space in the page.

Note: There may be some omissions in op codes, data jumps to wrong addresses etc. in the
Programs. The student has to study the programs and logic correct the mistakes and then
execute them

Fig 1

START

K

Initialize H-L pair as
memory pointer.

Get the count in
‘C’ register

Increment Source and

Dest. ptrs to next loc.

Move the source content
To A.

Move content of
A to Dest loc.

Decrement byte
Counter C

K

NO

YES

IS
C = 0

?

STOP

NO

YESIS
msb== 0

?

Increment negative
number Counter.

Move neg num to
Destination location

Increment dest address

Decrement byte counter

Increment source
address
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Address Mnemonic Operand Op-code Comments

C000 LXI H C050 21 50 C0 :Initialize the source area .
C003 LXI D C070 11 70 C0 : Initialize destination area
C006 MOV C,M 4E :Initialize the byte counter.
C007 MVI B , 00 06 00 :initialize the data counter.
C009 INX H 23 :Increment the source area .
C00A INX D 13 : Increment dest address
C00B loop: MOV A,M 7E : move source loc content to ACC
C00C ANI 80 E6 80 : isolate msb of ACC content
C00E JZ (forward) CA 15 C0 :jump on zero to location

Forward.
C011 INR B 04 :Increment data counter.
C012 MOV A,M 7E copy neg. num to ACC
C013 STAX D 12 save it in dest. loc
C014 INX D 13 inc . dest. pointer
C015 forward: INX H 23 inc. source ptr.
C016 DCR C 0D :Decrement byte counter
C017 JNZ loop C2 0B C0 :If c<>o go to step labeled loop
C01A RST 5 EF :Halt/ Break.

We can also use rotate group instructions as shown in program given below to list the negative
numbers .

Address Mnemonic Operand Op-code Comments

C000 LXI H C050 21 50 C0 :Initialize the source area .
C003 LXI D C070 11 70 C0 : Initialize destination area
C006 MOV C,M 4E :Initialize the byte counter.
C007 MVI B , 00 06 00 :initialize the data counter.
C009 loop: INX H 23 :Increment the source area .
C00A NOP 00
C00B MOV A,M 7E
C00C RLC 07 :Rotate left by one.
C00D JZ (forward) CA 14 C0 : if carry bit is zero go to

Location labeled Forward.
C010 INR B 04 :Increment data counter.
C011 MOV A,M 7E
C012 STAX D 12
C013 INX D 13
C014 forward: NOP 00
C015 DCR C 0D :Decrement counter
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C016 JNZ loop C2 09 C0 :If c<>o go to back steps
and continue till C=0

C019 MOV A,B 78 :transfer memory to Acc.
C01A STA C080 32 80 C0 :store the value in C080

address.
C01D RST 5 EF :Halt.

Source data Destination area
Before After execution

C050 05 C071 xx 89
C051 12 C072 xx A4
C052 89
C053 41
C054 A4
C055 21

Result:
After executing of the program the number of negative numbers in the given list available in register B
is
Limitations:

The program can handle a list having numbers up to 256 bytes data only.

2) To identify the odd numbers and write them separately in another memory area.

An odd number is identified by testing the status of least significant bit of the number present in
Accumulator. If least significant bit (lsb) is zero, it is an even number. if lsb is 1 the number is an
odd number. Following similar algorithms modify the programs given for finding negative
numbers to suit this problem.

Address Mnemonic Operand Op-code Comments

C000 LXI H C050 21 50 C0 :Initialize the source area .
C003 LXI D C070 11 70 C0 : Initialize destination area
C006 MOV C,M 4E :Initialize the byte counter.
C007 MVI B , 00 06 00 :initialize the data counter.
C009 INX H 23 :Increment the source area .
C00A INX D 13 : Increment dest address
C00B loop: MOV A,M 7E
C00C ANI 01 E6 01 : isolate lsb.
C00E JZ (forward) CA 15 C0 : if lsb is zero jump go to

Forward.
C011 INR B 04 :Increment data counter.
C012 MOV A,M 7E
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C013 STAX D 12
C014 INX D 13
C015 forward: INX H 23
C016 DCR C 0D :Decrement counter
C017 JNZ loop C2 0B C0 :If c<>o go to to location

Labled loop.else
C01A RST 5 EF :Halt/ Break.

3) To isolate a bit pattern and compare it with the already available bit pattern we can
use ANI data instruction
Example In a 8-bit number d2d1d0 bit pattern corresponds to the password of users, write a

program to isolate the password bits and store in a separate array.
4) Write a program to compare whether a given number is in the given list or not.

Note to teachers: Teachers can device new problems to illustrate the use of all the logical group of
instructions. Encourage students to come up with their problems
and to write their programs. Tell to students that problems for which programs are available in
record will not be given in the examination.

Exercise:
1. Modify the program given for negative numbers to list positive numbers.
2. Modify the program given to find odd numbers to list even numbers.
3. Write programs for ex1 and ex 2 using Rotate instructions.
4. Write a program to test the status of d3 bit of every byte in the given list

And to put 00 if the bit is zero and to put FF if the bit is one in another array.
5. information based on a seven bit code is stored in an array. Write a

program to check its parity and to put 00 if the parity is even and to put FF if the parity is
odd in another array.

6. Modify program of Ex5 to convert the all information bytes in to odd parity.
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EExxppeerriimmeenntt NNoo.. 1111
AArriitthhmmeettiicc pprrooggrraammss 11

AAIIMM::-- TToo wwrriittee aa pprrooggrraamm ttoo ffiinndd tthhee mmaaxxiimmuumm nnuummbbeerr iinn aa ggiivveenn sseett ooff 88--bbiitt nnuummbbeerrss ..

PPrrooggrraamm aarreeaa ccoommmmeenncceess ffrroomm 33990000..
AAPPPPAARRAATTUUSS:: 88008855 MMiiccrroopprroocceessssoorr kkiitt ..
DDAATTAA AARREEAA::-- SSoouurrccee ddaattaa ssttaarrttss ffrroomm 33995511 aanndd tthhee nnuummbbeerr ooff bbyytteess aanndd ddaattaa aavvaaiillaabbllee iiss ggiivveenn iinn

llooccaattiioonn 33995500..
FFllooww cchhaarrtt

CCoommppaarree iitt wwiitthh tthhee
ccoonntteenntt ooff ssoouurrccee lloocc

NNOOIs A>M

SSTTAARRTT

Initialize H-L pair as
memory pointer.

GGeett tthhee ccoouunntt iinn
‘‘CC’’ rreeggiisstteerr

LLeett ffiirrsstt mmaaxxiimmuumm bbee 0000
aanndd kkeeeepp iitt iinn AA

..

HHAALLTT

MMoovvee MM ttoo AA

DDeeccrreemmeenntt CC

IInncc SSoouurrccee ppttrr

IIss cc== 00 ??

YYEESS

NNOO

YYEESS
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MMeetthhoodd uusseedd ttoo ffiinndd mmaaxxiimmuumm iinn tthhee ggiivveenn lliisstt ::

SSeevveerraall mmeetthhooddss aarree aavvaaiillaabbllee ffoorr tthhiiss.. OOnnee ssuucchh mmeetthhoodd iiss ttoo ppuutt ffiirrsstt eelleemmeenntt iinn tthhee lliisstt iinn aa AA rreeggiisstteerr
aanndd ccoommppaarree iittss vvaalluuee wwiitthh sseeccoonndd nnuummbbeerr iinn tthhee lliisstt ..TTrraannssffeerr llaarrggeerr ooff tthhee ttwwoo iinnttoo AA ..RReeppeeaatt tthhee
pprroocceessss wwiitthh ootthheerr bbyytteess uunnttiill tthhee lliisstt iiss eexxhhaauusstteedd.. IIff tthheerree aarree nn eelleemmeennttss iinn tthhee lliisstt tthhee pprrooggrraamm mmaakkeess
((nn--11)) ccoommppaarriissoonnss.. HHoowweevveerr bbyy iinniittiiaalliizziinngg aa rreeggiisstteerr wwiitthh 0000 wwee ccaann mmaakkee nn ccoommppaarriissoonnss aanndd ffiinndd
mmiinniimmuumm..

PPRROOCCEEDDUURREE::--
IInniittiiaalliizzee tthhee ssoouurrccee mmeemmoorryy ppooiinntteerr bbyy llooaaddiinngg 33995500 iinn tthhee HH--LL rreeggiisstteerr ppaaiirr.. IInniittiiaalliizzee RReegg

CC iiss bbyy mmoovviinngg tthhee ccoonntteenntt ooff 33995500 iinnttoo iitt.. IInniittiiaalliizzee AA rreeggiisstteerr aass ccoouunntteerr wwiitthh 0000.. IInnccrreemmeenntt tthhee HH--LL
ppaaiirr rreeggiisstteerr aanndd ccoommppaarree tthhee ccoonntteenntt ooff nneexxtt llooccaattiioonn wwiitthh tthhee ccoonntteenntt ooff AAccccuummuullaattoorr.. IIff tthhee ccoonntteenntt ooff
mmeemmoorryy llooccaattiioonn iiss lleessss tthhaann tthhee ccoonntteenntt ooff AAccccuummuullaattoorr ggoo ttoo tthhee sstteepp ttoo ddeeccrreemmeenntt bbyyttee ccoouunntteerr..
ootthheerrwwiissee mmoovvee tthhee ccoonntteenntt ooff mmeemmoorryy llooccaattiioonn ttoo AAccccuummuullaattoorr AAss oonnee bbyyttee iiss ccoommppaarreedd ddeeccrreemmeenntt bbyyttee
ccoouunntteerr aanndd iiff tthhee ccoonntteenntt ooff bbyyttee ccoouunntteerr iiss nnoott zzeerroo ggoo ttoo tthhee sstteepp ttoo iinnccrreemmeenntt tthhee aaddddrreessss ooff mmeemmoorryy
llooccaattiioonn.. TThhee pprrooggrraamm llooooppss tthhrroouugghh nn ttiimmeess uunnttiill aallll tthhee bbyytteess aarree ccoommppaarreedd wwiitthh tthhee ccoonntteenntt ooff
aaccccuummuullaattoorr aanndd ssttoorriinngg tthhee llaarrggeerr ooff tthhee ttwwoo nnuummbbeerrss ccoommppaarreedd iinn AAccccuummuullaattoorr.. AAfftteerr aallll tthhee bbyytteess aarree
ccoommppaarreedd tthhee llaarrggeesstt oorr mmaaxxiimmuumm nnuummbbeerr iinn tthhee lliisstt wwiillll bbee aavvaaiillaabbllee iinn AAccccuummuullaattoorr aanndd tthhee pprrooggrraamm
hhaallttss aafftteerr ttrraannssffeerrrriinngg tthhee ccoonntteenntt ooff AAccccuummuullaattoorr ttoo 33996600 llooccaattiioonn..

AAddddrreessss mmnneemmoonniiccss ooppeerraannddss oopp--ccooddee ccoommmmeennttss

33990000 LLXXII HH 33990000 2211 5500 3399 :: LLooaadd HH--LL ppaaiirr wwiitthh 33990000
33990033 MMOOVV CC,,MM 44EE :: IInniittiiaalliizzee CC--rreegg..aass ddoowwnn ccoouunntteerr

33990044 MMVVII AA,, 0000 33EE 0000 :: AAcccc..iiss iinniittiiaalliizzeedd wwiitthh 0000
33990066 lloooopp IINNXX HH 2233 :: IInnccrreemmeenntt HH--LL ppaaiirr rreegg..
33990077 CCMMPP MM BBEE :: CCoommppaarree aacccc.. WWiitthh ccoonntteenntt

ooff ssoouurrccee..
33990088 JJNNCC ffoorrwwaarrdd DD22 00CC 3399 :: IIff tthheerree iiss nnoo ccaarrrryy ddeeccrreemmeenntt tthhee

ccoouunntteerr eellssee nneexxtt sstteepp..
339900BB MMOOVV AA,,MM 77EE :: MMoovvee mmeemmoorryy ccoonntteenntt ttoo AAcccc..
339900CC ffoorrwwaarrdd DDCCRR CC 00DD :: DDeeccrreemmeenntt tthhee ccoouunntteerr..
339900DD JJNNZZ((lloooopp)) CC22 0066 3399 :: IIff rreessuulltt iiss nnoonn--zzeerroo ggoo ttoo bbaacckk sstteeppss..
33991100 SSTTAA 33996600 3322 6600 3399 :: SSttoorree tthhee ccoonntteenntt ooff AAcccc..iinn 33996600..
33991133 RRSSTT 55 EEFF :: HHaalltt..//bbrreeaakk

RREESSUULLTT::--
AAfftteerr eexxeeccuuttiioonn ooff tthhee pprrooggrraamm tthhee mmaaxxiimmuumm nnuummbbeerr iinn tthhee ggiivveenn ddaattaa iiss aavvaaiillaabbllee iinn

mmeemmoorryy llooccaattiioonn 33996600 aanndd iittss vvaalluuee ffoorr tthhee ggiivveenn ddaattaa iiss ------..

SSuuggggeessttiioonnss ttoo tteeaacchheerrss:: SSttuuddeennttss mmaayy bbee ttrraaiinneedd ttoo uussee aallll tthhee aarriitthhmmeettiicc iinnssttrruuccttiioonnss
BByy ddeevviissiinngg nneeww pprroobblleemmss.. TThhee pprrooggrraamm ggiivveenn sseerrvveess oonnllyy aass aa ssaammppllee..
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EExxeerrcciissee::
11.. WWrriittee aa pprrooggrraamm ttoo ffiinndd mmiinniimmuumm iinn tthhee ggiivveenn lliisstt
22.. WWrriittee aa pprrooggrraamm tthhaatt ssttoorreess mmaaxxiimmuumm iinn tthhee lliisstt iinn cc006600 aanndd mmiinniimmuumm iinn cc006611

LLooccaattiioonnss..
33.. WWrriittee aa pprrooggrraamm ttoo ffiinndd tthhee aavveerraaggee ooff mmaaxxiimmuumm aanndd mmiinniimmuumm nnuummbbeerrss..
44.. WWrriittee aa pprrooggrraamm tthhaatt lliissttss sseeppaarraatteellyy tthhee nnuummbbeerrss ggrreeaatteerr tthhaann aarree eeqquuaall ttoo

TThhee mmeeaann ffoouunndd iinn eexx..44..
55.. WWrriittee aa pprrooggrraamm uussiinngg ootthheerr iinnssttrruuccttiioonnss tthhaann tthhoossee ggiivveenn iinn tthhee pprrooggrraamm ggiivveenn..
66.. TTrryy nneeww aallggoorriitthhmmss..
77.. WWrriittee aa pprrooggrraamm ttoo ffiinndd wwhheetthheerr aa ggiivveenn nnuummbbeerr iiss pprreesseenntt iinn tthhee lliisstt oorr nnoott..

PPuutt FFFF iinn CC005500 llooccaattiioonn iiff tthhee nnuummbbeerr eexxiittss ootthheerr wwiissee ppuutt 0000..
88.. WWrriittee aa pprrooggrraamm ttoo ffiinndd hhooww mmaannyy ttiimmeess aa ggiivveenn nnuummbbeerr rreeppeeaatteedd iinn tthhee lliisstt..
99.. WWrriittee aa pprrooggrraamm ttoo ppuutt ggiivveenn nnuummbbeerr iinn aallll tthhee 1166 llooccaattiioonnss ssttaarrttiinngg ffrroomm CC005511\\
1100.. WWrriittee aa pprrooggrraamm ttoo iinnccrreemmeenntt eeaacchh nnuummbbeerr iinn tthhee ggiivveenn lliisstt bbyy 11 aanndd ssttoorree tthheemm iinn tthhee ssaammee

llooccaattiioonnss..
1111.. WWrriittee aa pprrooggrraamm ttoo llooggiiccaallllyy OORR tthhee ccoonntteenntt ooff eeaacchh llooccaattiioonn iinn tthhee ggiivveenn lliisstt..
1122.. WWrriittee aa pprrooggrraamm ttoo iinnccrreemmeenntt eeaacchh nnuummbbeerr iinn tthhee lliisstt bbyy 0055..
1133.. WWrriittee aa pprrooggrraamm ttoo aadddd ttwwoo 3322 bbiitt nnuummbbeerrss iinn tthhee ggiivveenn lliisstt..
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Experiment No. 12

Arithmetic programs 2

Aim:- To write a program to arrange numbers in a given list in ascending order.
Apparatus: 8085 microprocessor kit
Method:
There are several methods like simple sort, bubble sort, shell sort, quick sort etc to sort numbers.
Here we follow a simple method.
From the given list smallest number is identified .It is copied in to the first location in destination
area . This minimum number is replaced with FF (highest possible maximum number. (It is
assumed that the FF is not in the original list) Find next minimum and copy it in to the next
location of destination area. These steps are carried out until the list is exhausted. At the end of
execution of the program the original list in source area is destroyed and sorted list appears in
destination area.
Defining program and data area :-
Program area :-
The main program starts from 3900. The program calls subroutines called MIN and PUTFF. The
subroutine for minimum commences from 3916. The subroutine put FF commences from 3930.

Data area:-

Source area starts from 3951 location .The no. of bytes in the given list is stored in 3950 .The
destination starts from 3970 .

START

K

Initialize H-L pair as
memory pointer.

Get the count in
‘B’ register

Call MIN subroutine
and find minimum in list
.

Move the minimum to
Destination area. Inc
dest ptr

Call subroutine put
FF

Decrement byte
Counter B

K

NO

YES

IS
C= 0

?

HALT
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Procedure:
1. Source memory pointer is initialized by loading the address 3950 in HL register pair. A byte

counter (B) is initialized with number of elements in the list. The destination area is initialized
by loading 3970 in DE pair . We identify the minimum number in the list by calling the
subroutine MIN.
2. After finding the first minimum it is copied to first location in destination area. This

minimum number in source area is replaced with a maximum number not present in the list
(say FF) by calling the sub routine PUT FF.

3. The B register is decremented once to indicate that one element in the list is sorted out.
4. To continue the process we check the status of Z flag. If it is not set, we loop back (we go

back to location 3907) and repeat the steps. This process sorts out all elements in the list in
ascending order. At the end, B register becomes zero and the program Halts or breaks.

Subroutine MIN: This sub program is identical to the program of MPPR3 for finding
minimum in the list, but for the fact that the starting address is 3916 and it terminates with
RET instruction instead of RST 5.

Subroutine PUT FF :
This subroutine commences from 3930. It identifies the memory location of minimum number

of the list and replaces it with FF, so that, this minimum will not interfere in the further
execution . It is quite easy to follow the steps given in the program.

The source and destination areas before and after the execution are shown in table2&3.

RESULT:-
The given list of numbers are arranged in ascending order as shown in following table.
ADDRESS MNEMONIC OPERANDS Machine Comments

code

3900 LXI H 3950 21 50 39 LOAD H-L PAIR WITH 3950

3903 LXI D 3970 11 70 39 LOAD D-E PAIR WITH 3970

3906 MOV B,M 46 INTIALISE B COUNTER

3907 CALL MIN CD 16 39 CALL FOR MINIMUM NO.

390A INX D 13 INCREMENT DEST. ADD

390B STAX D 12 STORE ACC..IN DEST. LOC

390C CALL PUT FF CD 30 39 REPLACE MIN NO FOUND
WITH FF IN ORG LIST

390F DCR B 05 DECREMENT THE COUNTER B

3910 JNZ loop C2 07 39 IF THE LIST IS NOT EXHAUSTED
REPEAT LOOP

3913 HLT EF HALT /BREAK
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Subroutine MIN

Address mnemonics operands op-code comments

3916 LXI H 3950 21 50 39
3919 MOV C,M 4E
391A MVI A FF 3E FF
391C loop INX H 23
391D CMP M BE
391E JC forward DA 22 39
3921 MOV A,M 7E
3922 forward DCR C . 0D
3923 JNZ loop C2 1C 39
3926 RET C9

SUBROUTINE PUT FF
Address Label mnemonics operands op-code comments

3930 LXI H 3950 21 50 39
3933 loop1: INX H 23
3934 CMP M BE
3935 JNZ loop1 C2 33 39
3938 MVI A FF 3E FF
3938 MOV M,A 77
3940 RET C9

Exercise:
1) Write a program to sort data in descending order
2) Write programs to sort data using other sorting methods.
3) Characters are written in ASCII code. A list of names each

containing four characters are given in the memory area
starting from C051. The number of names in the list is stored
in C050 location. Sort the names in alphabetical order

4) Write a program to add a given list of numbers
5) Wrie a program to add the numbers including carry
6) Write a program to multiply two numbers by repeated addition method.

Before execution:
Source data destination data
Addr Addr
3950 05 3970 XX
3951 72 3971 XX
3952 21 3972 XX
3953 34 3973 XX
3954 12 3974 XX
3955 B2 3975 XX

After execution:
Source data destination data
Addr Addr
3950 05 3970
3951 72 3971
3952 21 3972
3953 34 3973
3954 12 3974
3955 B2 3975



ACHARYA NAGARJUNA UNIVERSITY 1 CENTRE FOR DISTANCE EDUCATION

Experiment No.1
DIELECTRIC CONSTANT OF A SOLID

Aim:- To study the temperature dependence of dielectric constant of a Ferro - electric
material and to determine its Curie temperature.

Apparatus:- Setup consisting of a heater arrangement to heat the sample kept in a dielectric
cell with micrometer arrangement, Temperature indicator, capacitance meter ,and a sample
(Lead Zerconate tritrate or Barium Titanate) in the form of 20mm diameter circular wafer
with conductive coating on opposite faces .

Principle:-
A ferro electric crystal is defined as a crystal that exhibits a spontaneous

electric dipole moment; in other words, a crystal for which in the absence of an applied
electric field the center of positive charge does not coincide with center of negative charge.
The occurrence of Ferro electricity in pervoskite structured compounds like barium titanate is
believed to be the result of a polarization catastrophe in which the local electric fields arising
from polarization itself increases faster than the elastic restoring forces on the ions in the
crystal, thereby leading ultimately to an asymmetrical shift in ionic positions; the shift limited
to a finite displacement by the onset of anharmonic restoring forces.

The dielectric constant can be expressed in terms of polarization as

3
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Where i is the polarization of an ion of type I and Ni is the number of ions I per unit
volume. It is seen that the dielectric constant becomes infinite, corresponding to a finite

polarization for zero field, when 1)3/4(   iiN , and this is called the polarization

catastrophe.

We note that the value of  is sensitive to small departures of  iiN  from the critical value

of 3/4; if we write

  ,1)3/4( sN ii

Where s<<1, we have   3/s .
If we suppose that near the critical temperature the value of s varies with temperature in a
linear fashion,

s   ( T - Tc ) ,
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where  is a constant. We have, above the transition temperature, a Curie-Weiss law for the
dielectric constant:

,
/3

cTT 





Which is of the form of the observed temperature variation , as shown in fig

The dielectric constant versus temperature graph shows a peak at Curie temperature.
Formula:-

Two plane parallel plates of area A and separation d are charged with a surface
charge density q, one plate being positive, the other negative. If the space between the plates
is evacuated and if d is small compared with the dimensions of the plates, there will result a
homogeneous electric field between the plates, the field strength being given by

Evac = 4q in e.s.u
The potential difference between the plates is equal to

vac = Evacd

The dielectric constant of a system is defined by

Cvac = Aq/ vac

Suppose now that the space between the plates is filled with a dielectric, the charge on the
plates being kept constant. It is then observed that the potential difference is lower than
and similarly, the capacitance C of the system is increased. The static dielectric constant s

is then given by
s = vac / = C/C vac



104/

Temperature oCTemperature oC
TC
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Description of the apparatus: The apparatus consists of the following items
1) A dielectric cell with two parallel plates to keep the sample and a setup to measure the

capacitance of the cell.
2) A heating arrangement to raise the temperature of the dielectric cell
3) A digital thermometer with thermocouple and a temperature controller arrangement to

measure the temperature of the sample

Procedure:-
The sample is placed in position between the parallel plates and the

capacitance at the room temperature is measured. The sample is heated by feeding power to
the plate heater. As the temperature difference across the sample is negligible, the
temperature given by the thermo couple D is taken as the sample temperature .The sample is
heated to a temperature more than the Curie temperature and the allowed to cool.. The
capacitance is measured at different temperature as the sample cools. After cooling the
sample to the room temperature, the sample should be removed and the capacitance between
the plates is measured which directly gives the capacitance of condenser in air

Observations:

Graph:-
A graph is drawn taking temperature in 0C versus dielectric constant. We observe

from the figure that the graph increases exponentially and it reaches a peak point and falls
again even though the temperature increases.

Precautions:-
1. The sample should be placed exactly between the two parallel plates
2. The sample should be removed carefully without disturbing parallel plates for
measuring the capacitance of the cell in air.
3. The micrometer screw has to be tightened for contact of the sample with upper
electrode of dielectric cell when the sample reached maximum temperature. The
sample should not be heated after establishing contact as the crystal may break
itself due to expansion.
4.The micrometer should be changed very slowly in one direction only, without
causing pressure on the thin sample. Any undue pressure will break the costly
sample. The quick forward and backward motion of micrometer will cause
backlash error.

Temperature in
C0

Capacitance in pfSl.No.
Dielectric
constant
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Result:-
The curie temperature of the sample from the graph =
Literature Curie temperature for the sample under test =
The corresponding dielectric constant =

Note to teachers:
The students may be asked to calibrate the LCR meter, temperature indicator with standard
values. The capacitance of the empty cell in air may be calibrated with movement of
micrometer screw and the students may be used to determine the capacitance of the cell for
the corresponding micrometer readings noted at different temperature with the sample present
in the cell. They may be asked to repeat the calculations with the Co values obtained at
different temperatures.
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EExxppeerriimmeenntt NNoo.. 22
SSPPEECCIIFFIICC HHEEAATT OOFF GGRRAAPPHHIITTEE

AAiimm:: TToo ddeetteerrmmiinnee tthhee ssppeecciiffiicc hheeaatt ooff GGrraapphhiittee ((ssoolliiddss))..

AAppppaarraattuuss:: SSaammppllee,, HHeeaatteerr wwiitthh tteemmppeerraattuurree ccoonnttrrooll aanndd tteemmppeerraattuurree iinnddiiccaattoorr,, AAmmmmeetteerr 00--55
AAmmpp ((wwiiddee ssccaallee)),, VVoollttmmeetteerr,, DDiimmmmeerr ssttaatt,, SSttooppwwaattcchh..

PPrriinncciippllee:: SSppeecciiffiicc hheeaatt iiss ddeeffiinneedd aass
ss == ddQQ // ddTT

WWhheerree ddQQ iiss tthhee qquuaannttiittyy ooff hheeaatt ssuupppplliieedd ttoo oonnee ggrraamm ooff bbooddyy aanndd ddTT iiss tthhee ccoorrrreessppoonnddiinngg
tteemmppeerraattuurree..
WWhheenn aa ssoolliidd ooff mmaassss mm iiss hheeaatteedd bbyy ssuuppppllyyiinngg hheeaatt eenneerrggyy QQ tthhee rreessuullttiinngg tteemmppeerraattuurree TT iiss ggiivveenn
bbyy tthhee eeqquuaattiioonn

QQ == mm..ss..TT
WWhheenn aa bbooddyy iiss hheeaatteedd tthhee tteemmppeerraattuurree iinnccrreeaasseess aanndd aattttaaiinnss aa sstteeaaddyy vvaalluuee.. IItt iiss uussuuaallllyy oobbsseerrvveedd
tthhaatt tthhee rraattee ooff hheeaattiinngg ddQQ//ddtt iiss eexxaaccttllyy eeqquuaall ttoo tthhee lloossss dduuee ttoo ccoooolliinngg ..
IInn ootthheerr wwoorrddss..

ddQQ // ddtt == mm..ss..((ddTT // ddtt))
TThhuuss bbyy mmeeaassuurriinngg ddQQ // ddtt aanndd ddTT // ddtt tthhee ssppeecciiffiicc hheeaatt ss ccaann bbee ccaallccuullaatteedd..

DDeessccrriippttiioonn ooff tthhee aappppaarraattuuss:: TThhee ssaammppllee pprroovviiddeedd,, iiss aa ggrraapphhiittee rroodd aanndd tthhee hheeaatt eenneerrggyy iiss
pprroovviiddeedd ttoo tthhee ssaammppllee uussiinngg aa hheeaattiinngg eelleemmeenntt kkeepptt iinn ccoonnttaacctt wwiitthh iitt aanndd ppaassssiinngg eelleeccttrriiccaall
ccuurrrreenntt tthhrroouugghh iitt.. TThhee ccuurrrreenntt wwhhiicchh iiss eeqquuaall ttoo VV // rr pprroodduucceess hheeaattiinngg iinn tthhee eelleemmeenntt.. TThhee ssaammppllee
iiss ssuurrrroouunnddeedd wwiitthh iinnssuullaattiinngg mmaatteerriiaall ttoo aavvooiidd hheeaatt lloosssseess.. AAss tthhee eelleemmeenntt iiss iinn ccoonnttaacctt wwiitthh tthhee
ssaammppllee,, aass eeqquuiilliibbrriiuumm iiss rreeaacchheedd,, tthhee ssaammppllee hheeaatt eenneerrggyy ccaann bbee ccoonnssiiddeerreedd aass eeqquuaall ttoo tthhee
eelleeccttrriiccaall eenneerrggyy ssuupppplliieedd ttoo tthhee hheeaattiinngg eelleemmeenntt.. TThhee ppootteennttiiaall ddiiffffeerreennccee aaccrroossss tthhee tteerrmmiinnaallss ooff
tthhee hheeaattiinngg eelleemmeenntt ccaann bbee mmeeaassuurreedd wwiitthh aa vvoollttmmeetteerr.. TThhee ccuurrrreenntt ppaassssiinngg tthhrroouugghh tthhee eelleemmeenntt
ccaann bbee mmeeaassuurreedd wwiitthh AAmmmmeetteerr.. TThhee tteemmppeerraattuurree ooff tthhee ssaammppllee iiss mmeeaassuurreedd wwiitthh aa ddiiggiittaall
tthheerrmmoommeetteerr hhaavviinngg tthheerrmmooccoouuppllee sseennssoorr.. TThhee ttiimmee iiss nnootteedd wwiitthh aa ssttooppwwaattcchh..

PPrroocceedduurree:: TThhee hheeaatteerr iiss ffeedd eelleeccttrriiccaall ppoowweerr ffrroomm aa VVaarriiaacc.. TThhee ssaammppllee iiss hhoolldd iinn aa wwooooddeenn bbooxx..
TThhee ssppaaccee bbeettwweeeenn tthhee ssaammppllee aanndd tthhee wwaallllss ooff tthhee bbooxx iiss ffiilllleedd wwiitthh iinnssuullttiinngg mmaatteerriiaall.. TThhee
tthheerrmmooccoouuppllee oorr tthheerrmmoommeetteerr iiss iinnsseerrtteedd iinn aa hhoollee ddrriilllleedd iinnttoo ssaammppllee.. TThhee lleeaaddss ooff tthhee hheeaatteerr aarree
ccoonnnneecctteedd ttoo aa VVaarriiaacc.. TThhee mmaassss ooff tthhee ssaammppllee iiss ddeetteerrmmiinneedd uussiinngg aa ssuuiittaabbllee bbaallaannccee.. TThhee hheeaatteerr
aanndd tthheerrmmoommeetteerr aarree iinnsseerrtteedd iinnttoo tthhee ssaammppllee bblloocckk aanndd aasssseemmbbllyy iiss ppuutt iinnttoo tthhee wwooooddeenn bbooxx..

DDiimmmmeerr ssttaatt oouuttppuutt iiss sseett aatt hhaallff tthhee nnuummeerriicc vvaalluuee ooff tthhee rreessiissttaannccee ii..ee.. iiff tthhee hheeaattiinngg
eelleemmeenntt rreessiissttaannccee iiss 2200 oohhmmss aappppllyy aa vvoollttaaggee ooff 1100 VV ffrroomm ddiimmmmeerr ssttaatt ttoo tthhee hheeaattiinngg eelleemmeenntt ssoo
tthhaatt oonnllyy hhaallff--aann aammppeerree ccuurrrreenntt fflloowwss.. AAllllooww ffoorr hhaallff mmiinnuuttee aanndd cchheecckk iiff aannyy bbuurrnniinngg ssmmeellll iiss
oobbsseerrvveedd oorr nnoott.. MMeeaassuurree tthhee ccuurrrreenntt aanndd tthhee eeqquuiilliibbrriiuumm tteemmppeerraattuurree ooff tthhee ssaammppllee ffoorr ddiiffffeerreenntt
vvoollttaaggeess ((4400,,8800,, 112200,,116600 VV)) wwiitthh aann iinntteerrvvaall ooff aapppprrooxxiimmaatteellyy 4400 vvoollttss,, CCoonnttiinnuuee tthhiiss pprroocceessss
sslloowwllyy aalllloowwiinngg ssuuffffiicciieenntt ttiimmee ffoorr tthhee ssaammppllee ttoo hheeaatt uunnttiill tthhee tteemmppeerraattuurree ooff tthhee ssaammppllee rreeaacchheess
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33000000 CC.. TThhee oobbsseerrvvaattiioonnss aarree ggiivveenn iinn tthhee ttaabbllee 11.. PPootteennttiiaall ddiiffffeerreennccee VV vveerrssuuss eeqquuiilliibbrriiuumm
tteemmppeerraattuurree ggrraapphh iiss sshhoowwnn iinn ffiigg 11..

ddQQ//ddtt iiss ggiivveenn bbyy VV22// rr wwhheerree rr == VV//II iiss tthhee rreessiissttaannccee ooff tthhee ssaammppllee..

TThhee ppoowweerr iiss sswwiittcchheedd ooffff aanndd aass tthhee ssaammppllee bblloocckk ccoooollss,, tthhee tteemmppeerraattuurree iiss nnootteedd aatt
rreegguullaarr iinntteerrvvaallss ooff ttiimmee.. BByy pplloottttiinngg tthhee ssaammppllee tteemmppeerraattuurree aass aa ffuunnccttiioonn ooff ttiimmee.. WWee ggeett tthhee
ccoooolliinngg ccuurrvvee ffrroomm wwhhiicchh tthhee rraattee ooff ccoooolliinngg ddTT//ddtt ccaann bbee oobbttaaiinneedd aatt aannyy tteemmppeerraattuurree..
UUssiinngg tthhee vvaalluuee ooff ddTT//ddtt ffrroomm tthhee ccoooolliinngg ccuurrvvee aatt tthhee aapppprroopprriiaattee tteemmpp tthhee ssppeecciiffiicc hheeaatt ccaann bbee
ccaallccuullaatteedd ffrroomm tthhee eeqqnn..

ddQQ // ddtt == dd(( VV22//rr)) // ddtt == mm..ss..((ddTT // ddtt))
ss == ((ddQQ // ddtt)) // mm ((ddTT // ddtt))

OObbsseerrvvaattiioonnss::-- EEqquuiilliibbrriiuumm tteemmppeerraattuurree aanndd ccuurrrreenntt vvaalluueess ooff tthhee ssppeecciimmeenn aatt ddiiffffeerreenntt vvoollttaaggeess

OObbsseerrvvaattiioonnss ffoorr ddeetteerrmmiinniinngg tthhee rraattee ooff ccoooolliinngg ((ddTT // ddtt))

SS..NNoo.. TTiimmee ((tt mmiinnuutteess)) TTeemmppeerraattuuee ((ooCC))

GGrraapphhss::

SSll..NNoo.. VVoollttaaggee eeqquuiilliibbrriiuumm ccuurrrreenntt
((vvoollttss)) tteemmppeerraattuurree 00CC mmAA

EEqq.. TTeemmpp TT
ooCC

EEqq.. TTeemmpp TT
ooCC

VVoollttaaggee ((VV)) TTiimmee ooff ccoooolliinngg
((mmiinn..))
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PPrreeccaauuttiioonnss ::
11)) HHaannddllee tthhee GGrraapphhiittee bblloocckk ccaarreeffuullllyy aass iitt mmaayy bbrreeaakk..
22)) KKeeeepp tthhee VVaarriiaacc aatt ZZeerroo vvoollttaaggee ppoossiittiioonn aanndd tthheenn ggiivvee ccoonnnneeccttiioonnss aafftteerr eennssuurriinngg tthhaatt

TThhee VVaarriiaacc oouuttppuutt iiss lleessss tthhaann aatt mmoosstt 55VV iiff nnoott zzeerroo.. IIff tthhee VVaarriiaacc iiss sshhoowwiinngg hhiigghheerr
vvoollttaaggee aatt mmiinniimmuumm ppoossiittiioonn iitt hhaass ttoo bbee cchhaannggeedd.. TThhee tthheerrmmooccoouuppllee sseennssoorr iiss ddeelliiccaattee aanndd
iitt hhaass ttoo bbee hhaannddlleedd ccaarreeffuullllyy..

33)) IInnccrreeaassee ccuurrrreenntt iinn ssmmaallll iinnccrreemmeennttss ssaayy 00..11 aammpp
44)) IIff ppoossssiibbllee uussee aa ddcc vvoollttaaggee ssoouurrccee lliikkee ccaarr bbaatttteerriieess ttoo ssuuppppllyy sstteeaaddyy vvoollttaaggeess..
55)) IIff yyoouu uussee aa DDiimmmmeerr ssttaatt ((VVaarriiaacc)) ddoo nnoott ttoouucchh tthhee eelleeccttrriiccaall ppaarrtt aass iitt mmaayy ggiivvee eelleeccttrriiccaall

sshhoocckk..
66)) IIff aa vvaarriiaacc iiss uusseedd ttoo ssuuppppllyy eelleeccttrriiccaall ppoowweerr ddoo nnoott ttaakkee ffaaccee rreeaaddiinngg aass ccoorrrreecctt.. mmeeaassuurree iitt

wwiitthh aa vvoollttmmeetteerr oorr aa ddiiggiittaall mmuullttiimmeetteerr..
77)) IIff aa vvaarriiaacc iiss uusseedd,, ttoo aavvooiidd fflluuccttuuaattiioonnss iinn ppoowweerr aallwwaayyss uussee aa vvoollttaaggee ssttaabbiilliizzeerr..

RReessuulltt:: ssppeecciiffiicc hheeaatt ooff ggrraapphhiittee ==

SSttaannddaarrdd vvaalluuee ooff ssppeecciiffiicc hheeaatt ffoorr ggrraapphhiittee == 00..3388ccaall//ggmm//ddeeggrreeee aatt 220066 00CC
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Experiment No. 3

COEFFICIENT OF THERMAL EXPANSION

Aim:- To determine the thermal expansion coefficient of a given solid sample.

Apparatus:- Sample in the form of small (2mm  2mm 1mm) rectangular slab or thin metal
wire, glass slides to form wedge and a heating arrangement , dimmer stat, sodium vapour lamp,
traveling microscope, dimmer stat, arrangement to observe optical interference fringe pattern with
optical wedge.

Principle:- When a solid is heated its dimension changes. The change in dimension is described
in terms of the coefficient of thermal expansion as the change in the length of the specimen per
unit rise in temperature per unit length. A sample is a three dimensional object and due to change
in temperature, volume changes. However for isotropic substances the expansion is same in any
direction. So if we take the sample in the form of a small rectangular slab the volume expansion
can be related to linear expansion using the relation

Volume expansion = 3  linear expansion = 3 
L2 = L1(1 + (T2- T1))

Where L2 and L1 represents the thickness of the specimen at temperatures T2 and T1.If the sample
is in the form of a thin wire, the thermal expansion of the diameter of the sample can be
considered as linear. So, by measuring the linear expansion we can determine volume expansion
of the given material. We can measure the thickness of the sample L1 with a screw gauge at
temperature T1. Suppose we heat the sample to temperature T2. The change in thickness is so
small that we cannot measure it with a screw gauge and we have to use more accurate device or
method to determine L2 or the change in length (L2-L1). Usually T1 is room temperature.
However L2, the thickness of the sample at an elevated sample cannot be measured very accurately
as the change in L is very small because the expansion coefficient is very small. It will be of the
order of 50 X 10-6.

A change of temperature by 200 degree centigrade will result in a change of length of order
of 0.01mm. To determine the changes of small magnitude a common method based on the
principle of optical interference is used.

A parallel beam of light from a monochromatic source is made to fall vertically on a wedge
system formed with two plane parallel glass plates with the sample kept at one end of the system
in between the plates. The sample is included in the optical arrangement such that it controls the
wedge angle. An air film of uniformly varying thickness is formed between the plates. When a
monochromatic light falls on such a system, it results in an optical interference pattern. The light
reflected from the surface of the upper plate and lower plate gives rise to a fringe pattern
consisting of a set of parallel equally spaced lines. Simple derivation relates the fringe separation
to the angle between the two plates. Then the change in fringe separation due to heating of the
sample yield the change in thickness of the sample due to change in temperature dT which can be
measured with a thermocouple.
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D is the distance between the eyepiece to the glass plate
L is the length of solid (thickness in the case of slab or diameter in the case of a wire)
 is the wave length of monochromatic light source
1 is the fringe width at temperature T1

2 is the fringe width at temperature T2

Procedure:- The thickness of the sample is measured at room temperature with a screw gauge .
The thickness of the sample at room temperature is determined with wedge method and compared
with the value determined using screw gauge. The sample is placed on the top of plate Q1 and the
second glass plate is placed over the sample. Screw is manipulated such that Q2 touches Q1 for the
stability of the assembly. Between Q1 and Q2 a thin air film is formed. . If the sample is a metal
rod it may be shaped such that it provide a hold for Q1 and Q2.

Looking through the microscope the screw is gently manipulated such that the light falling the
wedge produces the fringe pattern. The fringes are straight and parallel and equidistant. With the
help of microscope the distance between 5 or 10 fringes is measured and the fringe width 1 is
determined. The heater is switched on to give the desired temperature (T2). T2 is chosen to be
about 20-40 degree centigrade above room temperature. The fringe width 2 is again determined.
From the formula calculate the value of .

Observations:
To determine fringe width.
D is the distance between the eyepiece to the glass plate =
L is the length of solid (thickness in the case of slab or diameter in the case of a wire)
Initial temperature T1 = 0C
Final temperature T2 = 0C

Incident rays Rays reflected from
the upper plate

Rays reflected from
lower plate

(a)

(b) Fringe pattern

Fig 1. Interface at a wedge (a) incident and reflected rays (b) fringe pattern
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 is the wave length of monochromatic light source =

TEMP(0 C) No. Of
Fringes

Micrometer reading Width of five
fringes

Average
fringe width
()

MSR cm Vernier
Scale
Reading

Total
cm

Precautions :
1) Thickness of the sample must be very small
2) Arrange the optical system to get bright fringe pattern

Result:- The coefficient of thermal expansion of given specimen (aluminum) is determined.

The calculated value is:-
The standard value is:- 2510-6/0C
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EExxppeerriimmeenntt NNoo..44
LLAATTTTIICCEE DDYYNNAAMMIICCSS

AAiimm::-- TToo ssttuuddyy tthhee ddiissppeerrssiioonn rreellaattiioonn ffoorr tthhee mmoonnooaattoommiicc aanndd ddiiaattoommiicc llaattttiiccee aanndd ddeetteerrmmiinnee ccuutt
ooffff ffrreeqquueennccyy ooff tthhee mmoonnoo aattoommiicc llaattttiiccee tthhrroouugghh eelleeccttrriiccaallllyy ssiimmuullaatteedd nneettwwoorrkk..

AAppppaarraattuuss::-- llaattttiiccee ddyynnaammiicc kkiitt ,, CC..RR..OO ,, ccoonnnneeccttiinngg wwiirreess ,,

LLaattttiiccee ddyynnaammiicc kkiitt ccoonnssiissttss ooff tthhee ffoolllloowwiinngg ppaarrttss..
((11)) AAuuddiioo oosscciillllaattoorr wwiitthh aammpplliittuuddee ccoonnttrrooll aanndd ffaacciilliittyy ttoo vvaarryy tthhee ffrreeqquueennccyy iinn tthhee ffoolllloowwiinngg
rraannggeess..

SSwwiittcchh ppoossiittiioonn ffrreeqquueennccyy rraannggee oouutt ppuutt vvoollttaaggee

LLooww 11..33--1111..66 kkHHzz 44--66 vv

HHiigghh 99..6644--9944 kkHHzz 44--66 vv
TThhee oosscciillllaattoorr uusseess IICC XXRR 22000066 ..IItt hhaass bbuuiilltt iinn ppoowweerr ssuuppppllyy aanndd aann iinn ppuutt ssttaaggee ttoo mmaattcchh tthhee
iimmppeeddaannccee ooff tthhee ssttiimmuullaatteedd llaattttiiccee..
((22)).. TThhee llaattttiiccee ddyynnaammiicc kkiitt ccoonnssiissttss ooff aann eelleeccttrriiccaall ttrraannssmmiissssiioonn lliinnee ssttiimmuullaatteess oonnee ddiimmeennssiioonnaall
mmoonnoo aanndd ddiiaattoommiicc llaattttiiccee..

TThheeoorryy::-- AAnn eelleeccttrriicc ttrraannssmmiissssiioonn lliinnee wwhhiicchh ssttiimmuullaatteess oonnee ddiirreeccttiioonnaall mmoonnoo aattoommiicc aanndd
ddiiaattoommiicc llaattttiiccee ..tthhee oouutt ppuutt ooff tthhee ssttiimmuullaatteedd llaattttiiccee iiss ttaakkeenn vviiaa aa ffoouurr ppiinn ccoonnnneeccttoorr pprroovviiddeedd
wwiitthh rreedd ,, ggrreeeenn aanndd yyeellllooww wwiirreess .. TThhee rreedd wwiirree iiss ttoo bbee ccoonnnneecctteedd ttoo tthhee hhoorriizzoonnttaall iinnppuutt,, tthhee
yyeellllooww wwiirree iiss ccoonnnneecctteedd ttoo vveerrttiiccaall iinn ppuutt aanndd,, tthhee ggrreeeenn wwiirree iiss ccoonnnneecctteedd ttoo ggrroouunndd ooff tthhee
CC..RR..OO.. WWhheenn ooppeerraatteedd oonn eexxtteerrnnaall hhoorriizzoonnttaall mmooddee wwee sseeee ddiissppllaayy ooff LLiissssaajjoouuss ffiigguurreess,, wwhhiicchh
iinnddiiccaattee tthhee pphhaassee ddiiffffeerreennccee bbeettwweeeenn iinn ppuutt aanndd oouutt ppuutt ssiiggnnaallss ooff llaattttiiccee nneettwwoorrkk..

FFiigg((11)) sshhoowwss oonnee ddiimmeennssiioonnaall mmoonnooaattoommiicc llaattttiiccee iinn mmaassss aanndd sspprriinngg mmooddeell.. AAllll
ppaarrttiicclleess hhaavvee mmaassss mm,, ffoorrccee ccoonnssttaanntt ff aanndd tthhee ddiissttaannccee bbeettwweeeenn ppaarrttiicclleess iiss aa,, aassssuummiinngg oonnllyy tthhee
nneeaarreesstt nneeiigghhbboouurriinngg iinntteerraaccttiioonn.. TThhee eeqquuaattiioonn ooff mmoottiioonn ooff nntthh aattoomm iiss ggiivveenn bbyy

MMxxnn == ff ((xxnn--11++xxnn++11++xxnn))------((11))..
WWhhiicchh wwhheenn ssoollvveedd ggiivveess tthhee aanngguullaarr ffrreeqquueennccyy

WW22 == 44ff//mm ssiinn22 ((kkaa//22))

==22ff//mm ((11--ccooss))------((22))
TThhee eelleeccttrriiccaall aannaalloogg ooff tthhee mmoonnoo aattoommiicc llaattttiiccee iiss sshhoowwnn iinn ffiigg((22)).. TThhee ddiissppeerrssiioonn rreellaattiioonn ffoorr tthhee
cciirrccuuiitt iiss

WW22 == 22//llcc ((11--ccooss))--------((33))
TThhee ddiiaattoommiicc llaattttiiccee wwiitthh aalltteerrnnaattiivvee mmaasssseess mm aanndd MM sshhoowwnn iinn ffiigg ((33)) aanndd ccaann bbee ssttiimmuullaatteedd bbyy
tthhee ttrraannssmmiissssiioonn lliinnee wwiitthh aalltteerrnnaattiivvee ccaappaacciittoorrss cc aanndd cc11 sshhoowwnn iinn ffiigg ((44))..
TThhee ddiissppeerrssiioonn ffoorr tthhee mmeecchhaanniiccaall aanndd eelleeccttrriiccaall aarree ggiivveenn aass
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WW22 == ff [[11//mm ++ 11//MM]] ++ ff [[ ((11//mm ++11//MM))22--44ssiinn22//MM**mm]]11//22 mmeecchhaanniiccaall

WW22 == 11//LL [[11//cc ++ 11//cc11]] ++ 11//LL [[((11//cc ++ 11//cc11))22--44ssiinn22//cccc11]]11//22 eelleeccttrriiccaall

IInn ccoonnttrraasstt ttoo tthhee mmoonnoo aattoommiicc llaattttiiccee tthheerree aarree nnooww ttwwoo ffrreeqquueenncciieess ww++ aanndd ww-- ccoorrrreessppoonnddiinngg ttoo aa

vvaalluuee ooff tthhee wwaavvee vveeccttoorr kk.. AA pplloott iiss ddrraawwnn ffoorr ffrreeqquueennccyy vveerrssuuss  aass sshhoowwnn bbeellooww.. TThhiiss lleeaadd ttoo
tthhee oonnee ccoorrrreessppoonnddiinngg ttoo vv-- iiss ccaalllleedd aaccoouussttiiccaall bbrraanncchh aanndd tthhee ootthheerr oonnee ccoorrrreessppoonnddiinngg ttoo tthhee vv++ iiss
ccaalllleedd tthhee ooppttiiccaall bbrraanncchh..

FFiigg33:: DDiiaattoommiicc llaattttiiccee

FFiigg22:: NNeettwwoorrkk ssiimmuullaattiinngg mmoonnoo aattoommiicc llaattttiiccee

MM MM MM MM
FFiigg 11:: MMoonnooaattoommiicc llaattttiiccee

CCCCCC

LL LL

CCCC

LL LL

FFiigg44:: NNeettwwoorrkk ssiimmuullaattiinngg ddiiaattoommiicc llaattttiiccee

CCCC11CC

LL LL

CC CC11

LL LLLL

MM mm MM mm
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PPrroocceedduurree::--
((11)) MMoonnooaattoommiicc LLaattttiiccee::

CCoonnnneecctt tthhee llaattttiiccee ddyynnaammiicc kkiitt ttoo tthhee aauuddiioo oosscciillllaattoorr aanndd pplluugg iinn tthhee
ppoowweerr ccoorrdd ooff tthhee oosscciillllaattoorr.. FFeeeedd tthhee oouutt ppuutt ooff kkiitt ttoo aa ggeenneerraall ppuurrppoossee CC..RR..OO.. SSeelleecctt tthhee sswwiittcchh
mmoonnooaattoommiicc oonn tthhee kkiitt.. TThhee ttrraannssmmiissssiioonn lliinnee nnooww ccoonnssiissttss ooff 1100 uunniitt cceellllss.. TThhee lliinnee iiss tteerrmmiinnaatteedd
bbyy tthhee rreessiissttaannccee RR22 iiss eeqquuaall iinn vvaalluuee ttoo tthhee cchhaarraacctteerriissttiicc iimmppeeddaannccee

RRoo == SSqqrrtt ((LL//CC))
SSttaarrttiinngg wwiitthh tthhee lloowweesstt ffrreeqquueennccyy vvaarryy tthhee ffrreeqquueennccyy ooff tthhee aauuddiioo oosscciillllaattoorr aanndd ddeetteerrmmiinnee tthhee
ffrreeqquueenncciieess aatt wwhhiicchh tthhee pphhaassee ddiiffffeerreennccee bbeettwweeeenn lliikkee iinnppuutt aanndd oouuttppuutt vvoollttaaggeess ooff tthhee ssttiimmuullaatteedd

llaattttiiccee iiss nn//22.. AAtt llooww ffrreeqquueenncciieess tthhee CC..RR..OO.. ppaatttteerrnn sshhoowwss aa ssttrraaiigghhtt lliinnee aann eelllliippssee aanndd aatt aa

ppaarrttiiccuullaarr ffrreeqquueennccyy tthhee ppaatttteerrnn sshhoowwss aa cciirrccllee.. TThhee pphhaassee ddiiffffeerreennccee iiss nnooww //22.. AAtt tthhiiss ppooiinntt
tthhee pphhaassee ddiiffffeerreennccee ppeerr uunniitt cceellll iiss 990000 //1100 ==9900.. VVaarryy tthhee ffrreeqquueennccyy aanndd ffiinndd oouutt tthhee mmaaxxiimmuumm
ffrreeqquueennccyy ooff ttrraannssmmiissssiioonn.. CCoommppaarree iitt wwiitthh tthhee tthheeoorreettiiccaall vvaalluuee ooff

11//  ssqqrrtt ((LL//CC))..

22..DDiiaattoommiicc LLaattttiiccee:: FFlliipp tthhee sslliiddee sswwiittcchh oonn tthhee ffrroonntt ppaanneell ooff tthhee llaattttiiccee ddyynnaammiicc kkiitt ttoowwaarrddss tthhee

ddii aattoommiicc.. TThhee aalltteerrnnaattee ccaappaacciittoorrss aarree nnooww cchhaannggeedd ttoo CC11==00..114477FF
.. RReeppeeaatt tthhee pprroocceedduurree ddiissccuusssseedd iinn mmoonnoo aattoommiicc llaattttiiccee.. AAddjjuusstt RR22 ttoo ggeett ddiissttoorrttiioonn
ffrreeee oouuttppuutt..

OObbsseerrvvaattiioonnss::
MMoonnoo aattoommiicc

DDiiaattoommiicc

OObbsseerrvveedd CCaallccuullaatteedd

SS..NNoo CCRROO ppaatttteerrnn DDiiaall rreeaaddiinngg NN  ffrreeqquueennccyy((kkHHzz))

OObbsseerrvveedd CCaallccuullaatteedd

SS..NNoo CCRROO ppaatttteerrnn DDiiaall rreeaaddiinngg NN  ffrreeqquueennccyy((kkHHzz))
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MMoonnoo aattoommiicc DDiiaattoommiicc

PPrreeccaauuttiioonnss::

11.. TThhee ccoonnnneeccttiioonnss mmuusstt bbee mmaaddee ppeerrffeeccttllyy..
22.. TThhee LLiissssaajjoouuss ffiigguurreess mmuusstt bbee ddiissttoorrttiioonn ffrreeee.. TToo ggeett ddiissttoorrttiioonn ffrreeee ffiigguurreess wwee ccaann uussee RR22..
33.. TThhee ffrreeqquueenncciieess ccoorrrreessppoonnddiinngg ttoo tthhee ddiiaall rreeaaddiinngg mmuusstt bbee ttaakkeenn ffrroomm ggiivveenn cchhaarrtt..
44.. TThhee oouuttppuutt ffiigguurree mmuusstt bbee wwiitthh mmeeaann ssiizzee wwiitthhoouutt ddiissttoorrttiioonn..

RReessuulltt::
TThhee ddiissppeerrssiioonn rreellaattiioonn ffoorr mmoonnoo aanndd ddiiaattoommiicc llaattttiiccee iiss ssttuuddiieedd..

FFrreeqquueennccyy
iinn kkHHzz

 

CCaallccuullaatteedd

OObbsseerrvveedd

FFrreeqquueennccyy
iinn kkHHzz

 

AAccoouussttiiccaall
BBrraanncchh

OOppttiiccaall
BBrraanncchh
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Experiment No. 5
HALL EFFECT

Aim:- To study the Hall effect the semi conductor and determine hall constant and related
parameter.

Apparatus : Hall effect apparatus, Semiconductor sample with electrodes, Stabilized voltage
sources, Guass meter, Digital Multimeter, 0-1A current meter , Screw gauge, Vernier calipers etc.

Theory:-
Hall effect is magneto electric effect. A semi conductor in the shape of a thin rectangular slab

with its edges taken as parallel to the Cartesian coordinate axes as shown in fig 1.A current flow
along X-axis and a magnetic field is applied along Z- axis. Then a potential difference appears
between the faces parallel to Y- axis. It is called Hall voltage and the phenomenon is called Hall
effect.

Hall coefficient RH is given by the equation
RH = EY / (JxBz)

EY - electric field produced along Y- axis of probe
EY - VY/b
VY - hall voltage along Y- axis
b - breadth of hall probe

Current density is given by
Jx = Ix/(bt)

IX - hall probe current
t - thickness
Bz - magnetic field produced along X-axis.

Number of charge carriers per unit volume  is given by
 = 1/(RH q)

where,
q- charge of electron = 1.602*10-19

0-.25mA
+ -

|Vx|

x

y

z


Vy



- +
DRPS

R
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 = (VXbt)/(IXL)
where,
Vx - hall voltage along x axis
Mobility of the charge carriers is given by = RH/
Hall angle  = Tan-1( BZ)

Description:-
A semi conductor in the shape of rectangular parallelopiped is placed between poles of an

electro magnet and a current from constant current source is passed through along the length of the
bar. A magnetic field is applied in a direction perpendicular to the current direction by passing a
current the magnetic coils wound around pole pieces of electro magnet and the current is
measured with ammeter of range 500 mA. The potential difference across the length of crystal is
measured with a voltmeter. Hall voltage VH is measured with millivoltmeter. FET electronic
voltmeter may be used to measure both voltages. The current through the bar should not exceed
the safety limit. The current to the electro magnet is supplied using a stabilized supply. Magnetic
field is measured with a Gauss meter.

Procedure:-
The dimensions of specimen are measured carefully. The probe is placed between the

poles of electromagnet. By applying voltage across the length a d.c current (Ix is passed along the
length of the probe. The Hall voltage is measured at zero field. Then magnetic field is applied by
switching on the current of electro magnet. For each value of I x, we should take two transverse
voltages, one is without field and second is with field and difference of these two gives the Hall
voltage .A graph is drawn for VH versus IX. It is a straight line.

Graph:

Observations:
Material used :
Sample (Hall probe) thickness :

Length :
Breadth :

Ix(mA)

VH(mV)
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Current through the coils :
Magnetic field applied :
Resistance across the length of probe:

Precautions :
1.The probe should be handled very carefully.
2.The maximum current through the probe specified should not be exceeded
3 Since the magnetic field is subjected to hysterisis in the material. Value of B is taken

corresponding to the increasing or decreasing current as the case may be.

Result:
The various parameters of Hall effect and hall constants are determined.

Standard Values:
Hall coefficient (RH) =1.02*10-4Ohm-mt3/web. (InAs)

Observed values :

S. No. Vx Ix Transverse Voltage(mv) Vy RH

With out Field With Field (b-a)
(a) (b)
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Experiment No. 6.
NUMERICAL APERTURE

Aim:-To measure the numerical aperture of an optical fiber cable.

Apparatus:-Step index optical fiber cables, laser source, traveling microscope, screen, scale.

Description:-
An important parameter of an optical fiber is Numerical Aperture. Numerical

aperture refers to the maximum angle at which the light incident on the fiber end is totally internal
reflected and is transmitted properly along the fiber. (Or) Numerical aperture is the light gathering
efficiency of the fiber.

The cone formed by the rotation of this angle along the axis of the fiber is the cone of the
acceptance of the fiber and the angle is known as the acceptance angle ( max).
The light ray must strike the fiber end with in this acceptance angle else it is reflected out of the
fiber core. This indicates the number of modes propagating with in fiber, which has consequent
effects on both fiber description and the fiber attenuation.

It is defined as the product of the refracting index of the incident medium and the sine of
the maximum ray angle. i.e.

NA= niSin(max)

=Sin(max)ni=1 for air.

Procedure :- In this experiment one end of the optical fiber cable is connected to the laser source.
The laser light is transmitted to the fiber to theanother end of the cable through the phenomenon of
total internal reflection. The light coming from the second end is focused on the second end is
focused on the screen as a circle.
Microscope readings are taken by adjusting the cross wires at the two ends of the circle.
The difference between the two readings gives the diameter of the circle from which the radius(r)
of the circle can be measured.
The distance between the screen and the fiber end (d) can be measured.
Now the numerical aperture of the optical fiber can be calculated using the following formula.

NA= Sinmax=r/(r2+d2)1/2

Where r is the radius of the circle.
max is the maximum angle at the incident. 
And d is the distance between the screen and the fiber end.
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Fig:-

Observations:

Distance(d mm) Diameter (2r) NA 

Repeat the experiment with available different step index optical fibers (say plastic core - plastic
clad, glass core- glass clad, glass core- plastic clad, plastic core- glass clad)

Precautions:-
1. The fiber cable should not bent in order to cut off the loss of light.
2. The laser source must be continuous.
3. The light must be well focused on the screen as a circle with out any diffusion.
4. Don’t see the laser light directly. It is hazardous and retina may damage. Care should

Be taken.

Result: -
The numerical aperture of the fiber cable is:


2r


max

core cladding
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Experiment no.7

B-H curve

Aim: a) To trace the B-H loop of a transformer core using CRO
b) To evaluate the hysterisis loss in the specimen

Apparatus: CRO, capacitors, resistor, multimeter, core transformers

Introduction:
Ferromagnetic materials contain large numbers of small regions called domain .in each

domain all the atomic magnets are locked in rigid parallelism. Thus each domain has a net
magnetization in a particular direction. When the specimen exposed to external magnetic field H.
the domains with magnetization component along the direction of the field grow at a phase of
those, which are not favourably oriented. Thus the magnetization increases with field as shown in
figure. When all the domains are aligned in the field direction, the specimen gets saturation.

When the external field is removed the domain boundaries do not move completely back
to their original positions and as such lead to remnant magnetization. When the specimen is
exposed to an alternating magnetic field, the phase difference between B and H causes the
hysterisis loop. The tendency of a domain to move around gives rise to mechanical stress in the
specimen. These in turn produce heating. This loss due to heat energy is called the hysterisis loss.
The area enclosed by the hysterisis loop gives the energy lost due to cyclic magnetization.

Circuit Diagram:

Graph:

Vy

N1

R1

C2N2

R2i2

Vx

CRO

CROT

220V
A.C

specimen

H

B

0
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Experimental procedure:
1. Arrange the circuit as shown in the figure. The input to the primary of the core is supplied by

the step down transformer (T). The voltage across R1 is given to the horizontal input of CRO
while the voltage across C2 feeds the vertical input of the CRO

2. The horizontal and the vertical gain controls of the CRO and adjusted to get a loop of
convenient size.

3. Trace the B-H loop on a graph paper.
4. Determine the vertical sensitivity Vy and horizontal sensitivity Vx with out disturbing the gain

controls. The sensitivity is expressed in volts per cm.

Energy Loss:

The energy loss of the core is given by 2 2 1
y x

2 1

R C N
V V

N A R L

   
   
   

= 22 2 1
y x

2 1

R C N
Area of the loop in cm

N A R L
V V

  
  

  
Joule/second /unit volume

Where L = length of coil in centimeters and A is the area of the coil.

Precautions:
!. The specimen should be at the centre of the magnetizing coil very close to the probe.
2. If the area of the loop is expressed in cm2 , the sensitivities should be expresses in

Volts/centimeter in either case the length of the coil should be in meters.

Result:
Energy loss for Iron core =
Energy loss for Ferrite core =
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EExxppeerriimmeenntt NNoo.. 88
QQUUIINNCCKKEESS MMEETTHHOODD `̀

AAiimm:: TToo ddeetteerrmmiinnee tthhee mmaaggnneettiicc ssuusscceeppttiibbiilliittyy ooff aa ppaarraammaaggnneettiicc ssaalltt iinn aa ssoolluuttiioonn aanndd ssttuuddyy
tthhee vvaarriiaattiioonn wwiitthh ccoonncceennttrraattiioonn..

AAppppaarraattuuss:: QQuuiinncckkeess ttuubbee,, eelleeccttrroo mmaaggnneett,, ppoowweerr ssuuppppllyy,, ggaauussss mmeetteerr,, bbaallaannccee,, mmeeaassuurriinngg jjaarr,,
bbeeaakkeerrss,, ccaatthheettoommeetteerr..

PPrriinncciippllee:: wwhheenn aa ppaarraammaaggnneettiicc ssaalltt lliikkee FFeerrrriicc cchhlloorriiddee iiss ddiissssoollvveedd iinn wwaatteerr,, tthhee ssoolluuttiioonn
bbeeccoommeess ppaarraammaaggnneettiicc ((wwaatteerr iiss ddiiaammaaggnneettiicc)).. WWhheenn tthhee ssoolluuttiioonn iiss ppllaacceedd iinn aa nnaarrrrooww ggllaassss
ttuubbee aanndd eexxppoosseedd ttoo mmaaggnneettiicc ffiieelldd iinn ssuucchh aa wwaayy tthhaatt ppaarrtt ooff tthhee ssaammee iiss oouutt ssiiddee tthhee
mmaaggnneettiicc ffiieelldd,, tthhee lleevveell ooff tthhee ssoolluuttiioonn rriisseess iinn tthhee nnaarrrrooww lliimmbb,, dduuee ttoo tthhee ffoorrccee dduuee ttoo
ssuusscceeppttiibbiilliittyy.. IInn tthhee ccaassee ooff aa ddiiaammaaggnneettiicc lliiqquuiidd lliikkee wwaatteerr,, tthhee lleevveell iiss ddiissppeerrsseedd..
BByy mmeeaassuurriinngg tthhee rriissee ooff tthhee lliiqquuiidd lleevveell tthhee mmaaggnneettiicc ssuusscceeppttiibbiilliittyy iiss ffoouunndd oouutt..

DDeessccrriippttiioonn::
((AA)).. TThhee QQuuiinncckkeess ttuubbee iiss aa ggllaassss ttuubbee wwiitthh ttwwoo lliimmbbss.. TThhee ddiiaammeetteerr ooff oonnee lliimmbb iiss

aabboouutt 11..55 ccmm wwhhiillee tthhaatt ooff sseeccoonndd iiss 33mmmm.. TThhee wwiiddeerr ttuubbee ccaann bbee ffiixxeedd ttoo aa wwooooddeenn ssttaanndd iinn
ssuucchh aa wwaayy tthhaatt tthhee ttuubbeess aarree vveerrttiiccaall..

((BB)).. TThhee ccaatthheettoommeetteerr iiss aann iinnssttrruummeenntt,, wwhhiicchh ccaann bbee uusseedd ttoo mmeeaassuurree aaccccuurraatteellyy
vveerrttiiccaall ((oorr)) hhoorriizzoonnttaall ddiissttaannccee,, WWhhiillee tthhee oobbjjeecctt iiss aatt aann aaddjjuussttaabbllee ddiissttaannccee ooff 11 mmeetteerr oorr
mmoorree.. IItt ccoonnssiissttss ooff aa ssttuurrddyy bbaassee ttoo wwhhiicchh aa vveerrttiiccaall sshhaafftt ggrraadduuaatteedd iinn ccmm aanndd mmmm iiss ffiixxeedd..
AA tteelleessccooppee iiss ffiixxeedd ttoo tthhiiss sshhaafftt.. PPrroovviissiioonn iiss mmaaddee ttoo ffiixx tthhee tteelleessccooppee aatt aa ppoossiittiioonn aanndd
mmoovvee iitt ffiinneellyy.. TThhee ppoossiittiioonn ooff tthhee tteelleessccooppee ccaann bbee oobbsseerrvveedd oonn tthhee ssccaallee wwiitthh vveerrnniieerr
aaccccuurraattee ttoo 00..000011 ccmm.. TThhee eennttiirree aarrrraannggeemmeenntt ccaann bbee ppllaacceedd hhoorriizzoonnttaallllyy ssoo tthhaatt hhoorriizzoonnttaall
ddiissttaanncceess ccaann bbee mmeeaassuurreedd..

PPrroocceedduurree::
TThhee ppaarraammaaggnneettiicc ssaalltt iiss wweeiigghheedd ssoo tthhaatt iitt iiss aabboouutt 1100 ggmm.. IItt iiss ddiissssoollvveedd iinn 2200 mmll ooff

ddiissttiilllleedd wwaatteerr.. TThhee ssaammee iiss ttrraannssffeerrrreedd ttoo tthhee QQuuiinncckkeess ttuubbee ssoo tthhaatt tthhee lleevveell iinn bbootthh lliimmbbss iiss
aabboouutt tthhrreeee ffoouurrtthhss.. IItt iiss ffiixxeedd ttoo tthhee wwooooddeenn ssttaanndd aanndd ppllaacceedd iinn tthhee mmaaggnneettiicc ffiieelldd iinn ssuucchh aa
wwaayy tthhaatt tthhee nnaarrrrooww lliimmbb iiss aatt tthhee cceenntteerr ooff tthhee ppoollee ppiieecceess wwhhiillee tthhee wwiiddeerr ttuubbee iiss oouutt ssiiddee tthhee
mmaaggnneettiicc ffiieelldd..

TThhee lleevveell iiss oobbsseerrvveedd iinn tthhee ccaatthheettoommeetteerr aanndd aaddjjuusstteedd ttoo ccooiinncciiddee
wwiitthh tthhee ccrroossss wwiirree wwiitthh tthhee hheellpp ooff ffiinnee mmoottiioonn.. TThhee lleevveell iiss nnootteedd.. NNooww tthhee mmaaggnneettiicc ffiieelldd iiss
sswwiittcchheedd oonn.. TThhiiss rreessuullttss iinn aa rriissee iinn tthhee lleevveell ((ffoorr ddiiaammaaggnneettiicc ssuubbssttaannccee iitt iiss aa ddeepprreessssiioonn))..
TThhee lliiqquuiidd lleevveell iiss nnootteedd aanndd tthhee rriissee iiss ffoouunndd oouutt..

UUssiinngg aa ggaauussss mmeetteerr tthhee mmaaggnneettiicc ffiieelldd iiss mmeeaassuurreedd.. TThhee
ddeennssiittyy ooff tthhee ssoolluuttiioonn iiss ffoouunndd oouutt uussiinngg aa ssppeecciiffiicc bboottttllee.. TThhee eexxppeerriimmeenntt iiss rreeppeeaatteedd wwiitthh
ddiiffffeerreenntt ccoonncceennttrraattiioonnss bbyy ddiilluuttiinngg tthhee ssoolluuttiioonn pprrooggrreessssiivveellyy.. TThhee mmaaggnneettiicc ssuusscceeppttiibbiilliittyy

(()) iiss ffoouunndd oouutt uussiinngg tthhee ffoorrmmuullaa..



MM..SScc..PPhhyyssiiccss 22 QQuuiinncckkeess mmeetthhoodd

 == 22gghh//HH22

WWhheerree HH == mmaaggnneettiicc ffiieelldd
hh == rriissee iinn tthhee lleevveell..

== ddeennssiittyy ooff tthhee ssoolluuttiioonn..

VVaarriiaattiioonn ooff  wwiitthh ccoonncceennttrraattiioonn ooff ppaarraammaaggnneettiicc ssaalltt iiss ssttuuddiieedd aass ggiivveenn bbeellooww.. IIff mm ddeennoottee

tthhee mmaassss ooff ssaalltt iinn ssoolluuttiioonn ppeerr cc..cc,, aa ggrraapphh iiss ddrraawwnn ttaakkiinngg mm oonn tthhee XX--aaxxiiss aanndd  oonn YY--aaxxiiss..
AA ggrraapphh iiss oobbttaaiinneedd wwhhiicchh mmaakkeess aann iinntteerrcceepptt oonn tthhee –– vvee XX--aaxxiiss .. TThhee iinntteerrcceepptt ggiivveess tthhee
vvaalluuee ooff mmaaggnneettiicc ssuusscceeppttiibbiilliittyy ooff tthhee ssoollvveenntt..

OObbsseerrvvaattiioonnss::
MMaaggnneettiicc ffiieelldd aapppplliieedd ((HH)) == …………………………..

PPrreeccaauuttiioonnss::
11.. TThhee QQuuiinncckkeess ttuubbee iiss ffiixxeedd iinn tthhee mmaaggnneettiicc ffiieelldd ssoo tthhaatt iitt iiss vveerrttiiccaall..
22.. TThhee ttuubbee sshhoouulldd bbee hhaannddlleedd ccaarree ffuullllyy ttoo aavvooiidd bbrreeaakkaaggee..
33.. TThhee hhaallll pprroobbee sshhoouulldd bbee ppllaacceedd ssoo tthhaatt tthhee ccrryyssttaall iiss ppeerrppeennddiiccuullaarr ttoo tthhee mmaaggnneettiicc ffiieelldd..

RReessuulltt::
TThhee ppaarraammaaggnneettiicc ssuusscceeppttiibbiilliittyy ooff ggiivveenn ppaarraammaaggnneettiicc ssaalltt iiss ……………………
TThhee vvaarriiaattiioonn ooff ssuusscceeppttiibbiilliittyy wwiitthh ddiiffffeerreenntt ccoonncceennttrraattiioonn iiss ssttuuddiieedd..

MMaassss ooff ssaalltt
ppeerr cc..cc((mm))

RRiissee iinn lleevveell ooff
lliiqquuiidd ((hh))

DDeennssiittyy ooff tthhee ssoolluuttiioonn

(())
SSuusscceeppttiibbiilliittyy

(())



mm
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Experiment no.9

Energy Band Gap

Aim: To determine the energy band gap of certain materials like silicon, germanium,
LED (light emitting diode) by studying the temperature variation of the reverse bias.

Apparatus: Digital panel meter, 9V battery, Jack pins, test tube, thermometer,
Dimmerstat, connecting wires, LED, silicon, Ge diode, soldering rod.

Theory: The current voltage characteristic of a P-N junction is given by
2

s

eq
I = I 1

nkT

 
 

 
----------------------------------------------(1.1)

Where I- forward junction current
IS-reverse saturation current
V-junction voltage
q- electric voltage
k- Boltzman constant
T-temperature in Kelvin
n- constant

The reverse saturation current is given by

g3
s

-E
I BT exp( )

nkT
 -----------------------------------(1.2)

Where B is constant and Eg is the energy band gap
Combining equations 1.1 & 1.2

3
gE nkT BT

V=
q q I
 ------------------------------------(1.3)

In the operating range of the diode, the temperature dependence is mainly determined by

the term
nkT

q
. Hence a plot of V versus T gives a straight line. The straight line

extrapolate to 0K gives the energy band gap in electron volts.

Procedure:
These are two jacks JB and JD on the front panel. JB is connected to 9V battery

using a plug. The diode under investigation is to be connected to the JD.

1. Switch the main supply. We will observe some numbers on the digital panel
meter.

2. Connect a 9V battery to jack JB.
3. Connect the diode under investigation to jack JD in reverse bias phase
4. Adjust the current through the diode for a convenient values 80 A by varying

the potentiometer P.
5. Place the diode in an oil bath. It is convenient to take oil heated to 1100C in a

closed vessel and to place the diode in the oil.
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6. Take the voltage across the diode as a junction of temperature. At each
temperature adjust the diode the diode current to the chosen values by adjusting the
potentiometer.

7.Tabulate the readings as shown in table below.
8. Repeat the experiment with silicon diode and the light emitting diode or LED
9. The results are recorded.

Temperature(o C) Temperature(oK) Junction Voltage
LED Silicon Germanium

Graph:
Draw a graph between the junction voltage and absolute temperature.

Extrapolate the graph to 0K. The Y-intercept gives the energy band gap of diode in eV.

Precautions:
1.Don’t interchange battery and diode chord.
2.Check the voltage of battery. It should be 9V on load
3. Avoid the use of water for temperature variation as any amount of conditions

may load to short circuiting of the diode.
4. If any problem occur, check the polarity of the diode the positive end of the

diode must go to the negative end of the battery.

Junction
voltage(v)

Temp ( oK)
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Result:
Standard values of energy band gap are

Germanium = 0.55 e.v
Silicon = 1.12 e.v

LED = 2.14 e.v
Observed values of energy band gap are

Germanium =
Silicon =

LED =



AACCHHAARRYYAA NNAAGGAARRJJUUNNAA UUNNIIVVEERRSSIITTYY 11 CCEENNTTRREE FFOORR DDIISSTTAANNCCEE EEDDUUCCAATTIIOONN

EExxppeerriimmeenntt NNoo..1100

XX--RRAAYY DDIIFFFFRRAACCTTIIOONN
AAiimm:: TToo aannaallyyssee tthhee ppoowwddeerr xx rraayy ddiiffffrraaccttiioonn ooff aa mmeettaall aanndd ddeetteerrmmiinnee tthhee llaattttiiccee ccoonnssttaanntt..

AAppppaarraattuuss:: xx rraayy ddiiffffrraaccttiioonn pphhoottooggrraapphh,, ccoommppaarraattiivvee,, ppllaattee hhoollddeerr..

PPrriinncciippllee:: WWhheenn aa bbeeaamm ooff mmoonnoocchhrroommaattiicc XX--rraayy iiss iinncciiddeenntt oonn aa ssaammppllee ccoonnttaaiinn rraannddoommllyy
oorriieenntteedd ccrryyssttaalllliitteess,, tthhee rraayyss aarree ddiiffffrraacctteedd ssaattiissffyyiinngg BBrraaggggss ccoonnddiittiioonn,, tthhee ssccaatttteerreedd bbeeaamm

ffoorrmmiinngg aa ccoonnee wwiitthh tthhee iinncciiddeenntt bbeeaamm aass aaxxiiss aanndd sseemmii vveerrttiiccaall aannggllee 22hhkkll ccoorrrreessppoonnddiinngg ttoo aa
ppllaannee hhkkll.. AA ppoowwddeerreedd ssaammppllee ssaattiissffiieess tthhee BBrraagggg ccoonnddiittiioonn.. TThhee ddiiffffrraacctteedd lliinneess aarree ccuurrvveedd uunnlleessss

tthhee aannggllee 22 iiss vveerryy nneeaarr ttoo 990000 iinn wwhhiicchh ccaassee tthhee lliinneess aarree ssttrraaiigghhtt.. IIff SS iiss tthhee ddiissttaannccee bbeettwweeeenn tthhee
lliinneess ffoorrmmeedd bbyy tthhee ssaammee ccoonnee ooff rraaddiiaattiioonn aanndd RR iiss tthhee rraaddiiuuss ooff tthhee ccaammeerraa,, tthhee BBrraagggg aannggllee iiss

rreellaatteedd bbyy  ==SS//44RR rraaddiiuuss aanndd  ==SS11//44RR rraaddiiuuss wwhheerree  ==9900--.. TThhee ddiissttaannccee bbeettwweeeenn tthhee cceennttrreess ooff

tthhee ttwwoo hhoolleess oonn tthhee ffiillmm ((ccoorrrreessppoonnddiinngg ttoo iinncciiddeenntt aanndd eemmeerrggeenntt bbeeaamm)) ccoorrrreessppoonnddss ttoo aannggllee  ..

TThhiiss iiss uusseedd ttoo ffiinndd RR aanndd hheennccee aanngglleess ..

PPrroocceedduurree:: tthhee ddeevveellooppeedd xx rraayy ffiillmm iiss ppllaacceedd oonn tthhee ppllaattee hhoollddeerr.. TThhee ppllaattee hhoollddeerr iiss aa bbooxx oonn
wwhhiicchh aa ggllaassss ppllaattee iiss ffiixxeedd aanndd oovveerr wwhhiicchh tthhee ffiillmm iiss ppllaacceedd.. TThhee ffiillmm iiss iilllluummiinnaatteedd ffrroomm tthhee
bbaacckk uussiinngg aalliigghhtt.. TThhee xx rraayy ccoommppaarraattoorr uusseedd iinn tthhee pprreesseenntt ccaassee iiss aa ccaatthheettoo mmeetteerr ppllaacceedd
hhoorriizzoonnttaallllyy.. TThhiiss iiss pprrooppeerrllyy lleevveelleedd ssoo tthhaatt tthhee cceennttrreess ooff ccrroossss wwiirreess ooff tthhee hhoolleess ccooiinncciiddee wwiitthh
tthhee cceennttrree ooff ccrroossss wwiirreess dduurriinngg tthhee ttrraavveerrssee aaccrroossss tthhee ffiillmm..

TThhee ppoossiittiioonnss ooff tthhee lliinneess LL11,, LL22………………LLNN aanndd LL11
11,, LLII

22……....LL
11

nn aarree nnootteedd..
FFoorrmm tthheessee tthhee cceenntteerr CCFF tthhrroouugghh wwhhiicchh tthhee bbeeaamm lleeaavveess iiss ddeetteerrmmiinneedd uussiinngg tthhee rreellaattiioonnsshhiipp..

CCFF == LLII ++LL22//22 II== 11 ttoo nn
IInn tthhee ssaammee wwaayy uussiinngg tthhee lliinneess iinn tthhee bbaacckk rreefflleeccttiioonn rreeggiioonn tthhee CCeennttrree CCBB tthhrroouugghh wwhhiicchh tthhee
bbeeaamm eenntteerrss tthhee ccaammeerraa iiss ddeetteerrmmiinneedd..

RReeffff == ((CCBB--CCFF))//..
TThhee ‘‘dd’’ ssppaacciinngg ooff tthhee rreefflleeccttiinngg ppllaanneess ((hhkkll)) iiss ddeetteerrmmiinneedd ffrroomm BBrraaggggss llaaww.. UUssiinngg wwaavveelleennggtthh ooff

CCUU KK ((11..554444AA00)) tthhee ppllaanneess ((hhkkll)) aarree ddeetteerrmmiinneedd uussiinngg ((hh22++kk22++ll22)) dd22
hhkkll == aa22..

TThhee ssuumm ((hh22++kk22++ll22)) mmuusstt bbee eeqquuaall ttoo aann iinntteeggeerr ssiinnccee hhkkll aarree iinntteeggeerrss.. TToo aassssiiggnn ssuuiittaabbllee iinnddiicceess ttoo
lliivveess mmeeaassuurreedd dd22 iiss mmuullttiipplliieedd ssuucccceessssiivveellyy bbyy ppeerrmmiissssiibbllee iinntteeggeerrss 11,,22,,33…….. TThhee pprroodduuccttss wwhhiicchh
aaggrreeee wwiitthhiinn lliimmiittss ooff eerrrroorr ggiivvee tthhee iinnddiicceess hhkkll ooff tthhee rreessppeeccttiivvee ppllaannee.. UUssiinngg tthhee aabboovvee rreellaattiioonn aa,,
tthhee llaattttiiccee ccoonnssttaanntt iiss ccaallccuullaatteedd.. AAnn aavveerraaggee ooff aallll vvaalluueess iiss ttaakkeenn..

IItt mmaayy bbee nnootteedd tthhaatt cceerrttaaiinn ccllaassss ooff ppllaanneess ((hhkkll)) mmaayy bbee eexxttiinngguuiisshheedd dduuee ttoo
ttrraannssllaattiioonnaall ssyymmmmeettrryy..



MM..SScc.. PPhhyyssiiccss 22 XX--rraayy ddiiffffrraaccttiioonn

TThhee nnoo.. ooff aattoommss ppeerr uunniitt cceellll iiss ccaallccuullaatteedd uussiinngg

NN== NNaa33//AA
WWhheerree NN iiss AAvvaaggaaddrroo nnoo..

aa iiss llaattttiiccee ppaarraammeetteerr..

 iiss ddeennssiittyy..
AA iiss aattoommiicc wweeiigghhtt

FFccuu == 88..9966 gg//cccc aaccuu== 6633..5544
FFAALL== 22..7700 gg//cccc aaAALL == 2277

OObbsseerrvvaattiioonnss::
SS..NNoo.. PPoossiittiioonn ooff

lliinnee
AArrcc
lleennggtthh
SS==
xx22--xx11

ccoorrrreeccttiioonn
((pp//110000))SS==
aa

CCoorrrreecctteedd
AArrcc
lleennggtthh
SS’’==SS ++ aa

==SS’’//44 SSiinn λ
d=

2Sinθ

dd22((hh22++kk22++ll22))==aa22

LLeefftt
xx11

RRiigghhtt
xx22

PPrreeccaauuttiioonnss:: TThhee ccoommppaarraattoorr rreeaaddiinngg sshhoouulldd bbee ttaakkeenn oonnllyy iinn oonnee ddiirreeccttiioonn..

RReessuulltt:: ssaammppllee aannaallyysseedd
LLaattttiiccee ccoonnssttaanntt aa ==
NNoo..ooff aattoommss//uunniitt cceellll nn==
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Experiment no.11

ELECTRON SPIN RESONANCE SPECTROMETER

Aim: To determine the g-factor of DPPH using ESR spectrometer.
Apparatus: ESR spectrometer, CRO, RF oscillators.
Theory: The g-factor is given by

0

0 0

hυ
g=

μ H

here h = Planck’s constant = 6.62510-27 erg-sec
0 = Bohr’s magnetron = 0.92710-20 erg/gauss
0 = resonance frequency in Hz
H0 = Magnetic field in gauss at resonance on the sample.

Where H0 = 165.25
QI

ρ

QI is calculated from the graph

Description:
(1) Basic circuit:

The first stage of ESR circuit consists of critically adjusted radio frequency
oscillator having a frequency range of approximately 10-17 M Hz. A marginal oscillator is required
here so that the slightest increase. In its load decrease the amplitude of the oscillation to an
applicable extent. The sample is kept inside the tank coil of this oscillator which in term is placed in
the 50 Hg magnetic field generated by the Helmholtz coils .At resistance is when the frequency of
the oscillation equal to the Larmor’s frequency of the sample. The oscillator amplitude registers a
dip due to the absorption of the power by the sample this obviously occurs periodically four times in
each sample complete cycle of the Helmholtz coil, supply voltage. The result is an amplitude-
modulated carrier, which is then detected using a diode detector and amplitude by a chain of three
low noise. High gain audio amplitude by excellent stability. A sensitivity central is provided in the
amplifier to sent the input requirement of any oscilloscope.

(2) Phase shifter:
In order to make it possible to use an ordinary displaying type oscilloscope instead of a

measuring oscilloscope which preserve the phase between x and y plates signals a phase shifter is
provided this can compensate the underived phase difference which is introduced in the amplification
stage of the ordinary oscilloscope.

The circuit diagram of the phase shifter is shown in the fig. The 10 of transformer is feed from
the 230V, 50 Hz and the 20 is center tapped developing. The operation of the circuit may be explained
with the help of vector diagram shown in fig. The vector OA and BO represent the voltage developed
in the 20 phase a magnitude the current flowing in the circuit ADB leads the voltage vector BA due to
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the presence of capacitor C and C1 shown in the diagram as I voltage developed across resistor R i.e,
Vr is in phase with the current. Ir and the voltage across capacitor Vc is 900 out of phase with the
current. The vector sum of Vc and Vr is equal to 2Vi.These are also plotted in diagram it is cleare
from the diagram that R is varied Vr will change the point P will trace Q semi circle shown dotted.
The vector OD or the voltage points O and D will therefore have a constant magnitude equal to Vi

and phase variable from 0 to 180 . This voltage is feed to the X- amplifier of the oscilloscope to
correct for any phase change that might have taken place in the rest of the circuit.

(3) 50 Hz Sweep unit:-
For modulation, with low frequency magnetic field , a 50 Hz current flows

through the Helmholtz coils. As the resonance in this frequency range occurs at low magnetic fields,
no static DC magnetic field is required.

(4) Power Supplier:
(a) DC power supply:-

The ESR circuit requires a highly stabilized almost ripple frequency voltage. It is
obtained as an integrated circuit regulator, the specifications of the D.C power supply are:
1) DC voltage 20V
2) Load regulation 0.03%
3) Line regulation 0.01%
4) Ripple < 3 mV
5) Long term stability 0.1% per 1000 units
6) Helmholtz coil power supply:- The Helmholtz coil power supply consists of a step down

transformer (220 to 35V AC) separate winding on the main transformer, a potentiometer (12-15)
and a moving coil rectifier type meter. The output is taken from the two terminals provided on a
panel.

(5) Helmholtz coils:- There are two coils exactly like a parallel to each other, so connected that
current passes through them in same direction. The coils increases the filling factor to the maximum
DPPH i.e, a free radical & widely used as a standard for ESR measurements.

(6) RF Oscillator:- It is a transistorized radio frequency oscillator suitable for the determination of
resonance frequency. The power to it is provided from the ESR spectrometer through a cable.

(7) Oscilloscope:- The oscilloscope is not supplied with the spectrometer it is pre assumed that the
worker is already familiar with the central knobs and functioning of the oscilloscope in question.
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Procedure:
1. Increase the horizontal sensitivity of the oscilloscope to the maximum with in the linear

range.
2. Obtain the possible resource peaks by varying the frequency detection level and vertical

sensitivity of the Oscilloscope.
3. Keep the frequency fixed but vary the current flowing through the coil and measure the

corresponding horizontal separations between the peaks after adjusting the phase take 5-6 sets of
observations.

4. Draw a graph 1/I Vs Q should be straight calculated the g-factor using the QI values from
graph.

5. Repeat the experiment with different frequencies.

Observations:

Graph:

S.No Current Distance between the
peaks (2q)

1/I Amp-1 Q mm


Q(mm)

1/I(Amp-1)

2Q

P
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Precautions:
1. Experiment should be set up at quite place free from electrical and mechanical disturbances.
2.Since the Helmholtz current is unstabilized should be taken that it should remain constant

during the observations.
3. Y out put from the ESR spectrometer should be taken through shielded cable to minimize

external peaks.

Result: Standard value of g = 2.0023
Calculated value of g =2.53
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Experiment No.12

Dielectric constant of Liquids / solids at microwave frequency
Introduction:
Basic set-up:

Basic set up of the microwave test bench is shown in figure1. The klystron power supply is
connected to a klystron mounted on klystron mount.
This constitutes the microwave source and generates oscillations at about 9,000 Mc/s. It is followed
by padding attenuator, frequency meter, variable attenuator ,directional coupler, slotted section and
unloaded load which could be a horn or any other impedance to be measured.

Obtaining oscillation:
1. Check the klystron power supply. Before connecting the klystron leads to the power supply,

switch on the power supply keeping the switch on the front panel in ‘beam off’ position. Wait for
few minutes and then change the switch to ‘beam on’ position. The meter on the power supply
should read 300 volts, which can be adjusted by beam voltage control. Bring back the switch to
beam off position. Switch Off the power supply. Now connect the klystron leads to the socket
‘output’ of klystron power supply. Switch on the fan to cool the klystron.

2. Switch on the power supply and wait for few minutes. Turn the modulation switch to ‘CW’
position.

3. Set the variable attenuator to maximum attenuation.
4. Connect VSWR Meter to the output of crystal mount. Keep the control knobs of VSWR as

follows:
Range db -50db
Input Switch -Crystal Low impedance
Meter Switch -Normal Position
Gain Coarse & Fine Coarse -Mid Position

Klystron
Power supply

Tunable crystal mount
To VSWR Meter

Klystron
tube with
mount

Fixed
attenuator
Or
circulator

Frequency
meter

Variable
attenuator

Directional Coupler Slotted line Unknown
Load
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5. Switch on the beam voltage and check the beam current.
The rated values are:
Beam Voltage : 300 V
Beam current : 20-25 mA

6. See if there is any deflection in the VSWR. If there is no deflection decrease the attenuation of
variable attenuator to get some deflection . Adjust reflector voltage to get maximum deflection.

7. Adjust the movable short of the crystal mount and also the probe penetration of the klystron
mount to get maximum deflection.

8. Adjust the movable short of the crystal mount to get the maximum deflection. Every time variable
attenuator must be adjusted so that the deflection of the spot does not exceed full scale.

9. Adjust the micrometer of the frequency meter to get the dip in deflection. Read the micrometer
and corresponding frequency of oscillation from the chart provided with frequency meter.

10. Disconnect the meter from crystal mount and connect it to the output of the tunable probe
mounted on the slotted section. The probe depth should be about 1/16th inside the slotted section.
This should be checked before mounting the slotted section in the bench.

11. Decrease the attenuation of the variable attenuator and tune the probe to get deflection. The
connecting lead may have to be reversed to get deflection in the right direction Variable attenuator
can be adjusted to get full scale deflection.

12. Shift the position of the probe in the slotted section and see if maxima and minima are being
obtained and adjacent maxima or minima are of equal amplitude. The slotted line can be left open
circulated at the time of observing the maxima and minima.

The test bench is now ready for experiments.

Aim: To demonstrate the method of measuring the dielectric constant of a sample of low loss
dielectric (liquids/solids) at microwave frequencies

Apparatus :
Apparatus used
1. Basic set up with short circuit attached to the standing wave detector.
2. Liquid dielectric.
3. A piece of solid dielectric 0.9”0.4” thick and one quarter wavelength thick.

Procedure:
For Solids:
One of the simplest methods for the measurement of dielectric constant of a solid material involves
the measurement of The shift of the minimum of the standing wave produced by a short circuit
(closing) the wave guide aperture. In other words, the position of the standing wave minimum is
measured with or without the dielectric. If an approximate value of the dielectric constant is known
then only one measurement is necessary. If not then measurements with several different thickness of
dielectric
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1. Set up the apparatus as shown in fig 1. The short circuits without the solid dielectric should be
attached to the slotted section.

2. Obtain oscillations at some frequency.
3. Measure the exact guide/wavelength using the cavity frequency meter.
4.Obtain a piece of dielectric medium. Measure the thickness of this dielectric in cms. As

accurately as possible using a micrometer.
5. Measure the exact possible of the first and second minimum from the right hand end of the
slotted section by connection the short circuit plate without the dielectric sample or if the sample
is firmly fixed to one face of the short circuit, its other face should be attached to slotted section.
6. Now remove the short circuit plate and attach the other face which contains the dielectric
sample so as to fit closely in to the wave guide aperture.
7. The minimum will now have moved towards the short circuit. Measure the position of the first
minimum from the standing wave detector.
8. Calculate ‘L’ (actual movement of a particular minimum towards right)
or  (the shift of the first minimum with dielectric from the first minimum without dielectric )
which is to the right of the later.
9. Having found ‘L’ calculate the value of factor ‘X’ given by

g

g

2(L+d)
X= tan π

d λ

  
  
 

where g =Guide wave length
d = thickness of dielectric sample in cms.
L = Shift as measured.

10. Now a quantity V (which happens to be the number of wavelength of microwave radiation in a
distance ‘d’ of dielectric) is defined by an equation:-

tan(2πV)
X=

V

The value of V to be found from the above expression since ‘X’ is known. This can be read of
directly from the plotted graphs of
tan(2πV)

=X
V

or calculated otherwise.
11. Calculate the value of dielectric constant from:

2 2

a

g

E=1- aV
d

 


      
  

Note:- The above procedure for calculation is only applicable for non-lossing materials.
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For Liquids:
1. Assemble in the equipment as in fig2.
2. Energize the microwave power source and obtain suitable power level in the indicating meter.
3. Carefully move the shorting plunger till it touches the 900 bend.
4. Read and record the positions of standing wave voltage minima and determine g and VSWR
5. Measure frequency of the exciting wave using frequency meter . If frequency meter is not
available, compute it from

22 2

0 g c

1 1 1

  

                 

6.With probe positioned at the maximum of the standing wave pattern, fill the cell with the dielectric
under test, taking out the shorting plunger. Install the plunger in the cell and move it through the
dielectric till it touches the 900 bend.
7. Slowly move the plunger up through the dielectric and record the position of the minimum.
8. Move the plunger down till meter reads double of that in step7, record the plunger position, say X1.
9. Move the plunger up till the meter again reads double the value at the minimum in step 7 and

record the plunger position, say X2.
10. Find double the minimum width (X2-X1)= x1.
11. Move the plunger up when it is positioned on the second minimum. Measure and record the

position of the minimum and double the minimum width.
12. Determine wavelength of the radiation in the dielectric, the distance between successive minima

in the dielectric being d/2.

13. Determine VSWR ( d
n

n

S =
X




) for each minimum setting and compute n

1

S
 

Source
Power
Supply

Microwave
power
Source

Variable
attenuator

Coupler

Frequency
Meter

Slotted section

Tuned
detector

Indicating
Meter

Dielectric
cell

900 Wave
guide bend

Mica joint

Short
circuiting
Plunger

Small vent
for liquid to
pass
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14.Compute value of dd using as shown below.
(a) Low-loss liquids

1. Determine c=2a, g,d and 0

2. Compute
2 2

0 0=
c d

 


 

               

3. Draw a graph between d
n

nX








versus n and find its slope n

n

     
, to get g mean

d 2
d

2

n

 




     

4. compute
2

g0 mean

d d

2

n

 


  

            
, tan =










Observations:
For solids

(a) Waveguide dimensions a = …………cm , b = ………….cm
(b) Cut off wavelength C = 2a = ………cm
(c) Frequency of operation f = ………..GHz
(d) Free space wavelength 0 = ………….cm

S.No Cell without
dielectric

Cell with dielectric Position of minimum Double the
minimum
width

VSWR

Position of
VSWR
minima

g Position
of
VSWR
minima

Wavelength
of the
radiation (g)
in the
dielectric

Where power is doubled

Below the
minimum

Above the
minimum

n

n
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For liquids:
(e) Waveguide dimensions a = …………cm , b = ………….cm
(f) Cut off wavelength C = 2a = ………cm
(g) Frequency of operation f = ………..GHz
(h) Free space wavelength 0 = ………….cm

S.No Cell without
dielectric

Cell with dielectric Position of
minimum

Double
the
minimum
width

VSWR

Position of
VSWR
minima

g Position
of
VSWR
minima

Wavelength
of the
radiation (g)
in the
dielectric

Where power is
doubled
Below
the
minimu
m

Above
the
minimu
m

Precautions:
!. Check the power of the microwave bench before the experiment is being done.
2. The klystron should be cooled with a fan.
3. Both the plunger and slotting section should be moved only in one direction.

Result:

The dielectric constant of solid is
Standard value:
Observed value:

The dielectric constant of Liquid is
Standard value:
Observed value:


