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Safety Instructions

Read the following safety instructions carefully before operating the product.

To avoid any personal injury, or damage to the product, or any products connected to

1t;

Do not operate the instrument if you suspect any damage within.

The instrument should be serviced by qualified personnel only.

For your Safety:

Use proper Mains cord

Ground the Instrument

Observe Terminal Ratings

Use only the proper Fuse

Use in proper Atmosphere

: Use only the mains cord designed for this product.

Ensure that the mains cord is suitable for your
country.

: This product is grounded through the protective earth

conductor of the mains cord. To avoid electric shock
the grounding conductor must be connected to the
earth ground. Before making connections to the input
terminals, ensure that the instrument is properly
grounded.

: To avoid fire or shock hazards, observe all ratings and

marks on the instrument.

: Use the fuse type and rating specified for this product.

: Please refer to operating conditions given in the

manual.
1. Do not operate in wet / damp conditions.
2. Do not operate in an explosive atmosphere.

3.  Keep the product dust free, clean and dry.



Scientech 2804
Features

e Modulator and Demodulator on same board

e On-board four DDS Signal Generator for Standard and Arbitrary signals
e Selectable Sampling frequencies

e On board four 2nd order Butterworth Low Pass filter

e SMD LED indicators

e Compact and Light Weight

e Can be issued just like a book for hands-on learning
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Technical Specifications

Modulation & Demodulation Two channel TDM-PCM.
Techniques :  Four channel TDM-PCM.

Internal Signal Generator Four dedicated Direct Digital Synthesizer

Types of Signal
Frequency
SMD LED Indicators

Crystal Frequency
Sampling Frequencies
Selection Mode
Number of Test Points
Low Pass Filter
Dimensions (mm)
Power Supply

Weight

Operating Conditions

Included accessory

Generators for each channel.
Sine, Square, Arbitrary signal.
500 Hz, 1 KHz, 1.5 KHz, 2 KHz, 3 KHz.
54 nos. for

DDS signal selection.

DDS signal frequency selection.
Sampling selection.

Technique selection.
Interconnect path.

8 MHz.

8 KHz, 16 KHz, 32 KHz.

Push switches.

40 nos.

4nos. Cut-off frequency-5 KHz.
W 326 x D 252 x H 52.

110V - 260V AC, 50/60Hz.
1.5kg (Approximately).

0-40° C, 85% RH.

2mm Patch cord - 2nos.

TechBook Power Supply-1no.
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TDM-PCM Modulation and Demodulation

Introduction:
What is TDM PCM?

Time Division Multiplexing (TDM), transmissions from multiple sources occur on the
same facility but not at the same time. Transmission from various sources is
interleaved in the time domain PCM is the most prevalent encoding technique used
for TDM digital signals. With a PCM- TDM system, two or more voice channels are
sampled, converted to PCM codes, and then time-division-multiplied onto a single
metallic or optical fiber cable.

Analog
m Parallel
PCM code | | | | |

Input | Sample PUEILLECTEN  Parallel-to- 8-bit
Signal ——| T
OtodKhz | 4

Channel 1 | | DS-0

Sample pulse Conversion Line speed clock
8 Khz 1.536 MHz 65 Khz

and — digital Serial — serial PCM

Hold Converter Converter code (64-kbps)

Figure shows the simplified block diagram for a single-channel PCM system. As
figure shows single channel using an 8 KHz sample rate and an eight-bit PCM code,
which produces a 64 kbps PCM line speed:

8000 samples 8 bits
.

Line Speed = i
second sample

= 64,000 bps

Generalized formula for line speed:

no.of channel 8000 frames 8 bits
frame  second  channel

line speed =
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How TDM-PCM works?

A digital carrier system is a communications system that uses digital pulse rather than
analog signals to encode information. Figure given below shows the block diagram
for T1 digital carrier system. T1 stands for transmission one and specifies a digital
carrier system using PCM-encoded analog signals. A T1 carrier system time-division
multiplexes PCM-encoded samples from 24 voice-band channels for transmission
over a single metallic wire pair or optical fiber transmission line. Each voice-band
channel has a bandwidth of approximately 300 Hz to 3000 Hz. Again, the multiplexer
is simply a digital switch with 24 independent inputs and one time-division
multiplexed output. The PCM output signals from the 24 Voice band channels are
sequentially selected and connected through the multiplexer to the Trans- mission

line.
64 |— Buffer channel 1
kbps <
rbch_anneH —| PCM > T 1.536 MHz
input encoder i clock
m

1 e
o -
! 1.53;6 rsl*l(Hz ? 192-bit shift register
I cloc v
! .: ; [:V]
| i
| Q’

Channels 2-23 n e
: " |
! y 162 4 kA
| 1.536 MHz t 193-bit shift register FB 1.544 Mbps PCM TDM
| clock P
[ i
| e

el Clock
Channel 24 PCM PS | 1.544 MHz
input g encoder — | <— Buffer
channel 24

With a T1 carrier system, D-type channel banks perform the sampling, encoding, and
multiplexing of 24 voice-band channels. Each channel contains an eight-bit PCM
code and is sampled 8000 times a second. Each channel is sampled at the same rate
but not necessarily at the same time. Each channel’s sample is offset from the
previous channel’s sample by 1/24 of the total frame time. Therefore, one 64 kbps
PCM-encoded sample is transmitted for each voice-band channel during each frame
(a frame time of 1/8000= 125 uS). The line speed is calculated as follows:

channels bits

= 192 bi
frame *© channel 92 bits per frame
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Thus,

bits frames
8000
frame second

= 1.536 Mbps

Later, an additional bit (called the framing bit) is added to each frame. The framing
bit occurs once per frame (8000-bps rate) and is recovered in the receiver, where it is
used to maintain frame and sample synchronization between the TDM transmitter and
receiver. As a result, each frame contains 193 bits, and the line speed for a T1 digital
carrier system is:

bits frames
8000

= 1544 M
frame second > bps
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Two Channel TDM-PCM

A two channel system, one sample is taken from each channel during each frame, and
the time allocated to transmit the PCM bits from each channel is equal to one-half the
total frame time. Figure shows the TDM frame allocation for a two channel two-
channel PCM system with an 8 KHz sample rate. Therefore, eight bits from each
channel must be transmitted during each frame. Thus, the line speed at the output of

the multiplexer is

2 channel frames bits
- = E =128 kbp.’i

frame second channel

For 2-channel each frame contains 16-bits so line speed will be

128 kbps ﬂ.ﬂ.ﬂ_

PCM-TDM

bits channel frames
* * —— = 128 kbps
channel frame second
Then, after adding single bit (total 17-bit) bit rate will be
bits channel frames
* * ——— =136 kbps
channel frame second
PAM Parallel 8-bit serial
Analog PCM code PCM code
", Tn : (64 kbps)
Input
Signal
0 to 4 KHz
Channel 1 I-I_ ¥
Sample pulse Conversion  Line speed clock TDM
8 KHz clock 128 KHz Multiplexer
P. Parallel
Analog J I'-I PCM code ¢
Signal i i
0 to 4 KHz 8-bit serial

PCM code

Channel 2 (64 kbps)

1 TDM Frame
15 us

10
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Experiment 1

Objective:

e  Observe Input signal by the following Signal frequency
= 500 Hz, 1 KHz, 1.5 KHz, 2 KHz and 3 KHz.

e  Observe the sample and hold signal by varying the sampling clock i.e.
= §KHZ, 16 KHZ, 32 KHZ.

Setup:

e  TechBook Scientech 2804

e  Power Supply

e  Oscilloscope/DSO

e  Test probe

Connection Diagram:

Transmitter Receiver

] 25 2
Sighal Generstor 1 Signel Generator 2 Signal Generator 3 Sighal Generator 4 Fréquency  Channel Mode

Sl g T eI Salection Salection
ol | o s | o
EE =2 -

1KHz

=
Square  1.5KHz

. SO
\\,'! Scientech2804 4-Channel TDM-PCM Transmitter & Receiver

Procedure:
Step 1: Connect and switch on the power supply of Scientech 2804.

Step 2: 2-channel TDM-PCM is selected by default and LEDs of Channell and
Channel2 will glow when user switch on the power.

Step 3: Select input signal type of channel 1 using push button i.e. Sine, Square and
Arbitrary, given at Signal Generator 1. And respective LED will glow according to
the selection. Observe the input signal on test point (TP1).

Step 4: Select input signal frequency of channel 1 using push button i.e. 500Hz, 1
KHz, 1.5 KHz, 2 KHz and 3 KHz, given at Signal Generator 1. And respective LED
will glow according to the selection. Observe the change in frequency on test point
(TP1).

11
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Step 5: Select input signal type of channel 2 using push button i.e. Sine, Square and
Arbitrary, given at Signal Generator 2. And respective LED will glow according to
the selection. Observe the input signal on test point (TP2).

Step 6: Select input signal frequency of channel 2 using push button i.e. 500Hz, 1
KHz, 1.5 KHz, 2 KHz and 3 KHz, given at Signal Generator 2. And respective LED
will glow according to the selection. Observe the change in frequency on test point
(TP2).

Step 7: Select sampling frequency using push button i.e. 8 KHz, 16 KHZ and 32
KHZ. And respective LED will glow according to the selection.

Observation:

e  Observe the input signal at TP1 and TP2 by varying input signal type and
frequency on the oscilloscope screen.

e  Observe the same input signal at TP5 and TP10.

e  Observe the sampled clock at TP6 & TP11 and sampled signal at TP7 & TP12
by varying sampling frequency using push button.

Sine/500 Hz | Channell - B R l!lwwm%wnwﬂ | T
B
|24
Frealll =423 . 1Hz
[MIFEE 1.@&L CHZz=  1.88L) ITimE SEE .Bus - 1. EEEuS

CHI1: Input Signal (TP1),
CH2: Channell Input(TP5)

i 0 T =Yl L -
Arbitrary /1.5 | Channel2 - ; STOP = 3 JEEC

- (IR
A

Fred21=1.493kHz Frea(ll=1.47 1kHz
[mapEm z.860  [CHEZ~ 2,860 [Time S508.6us o+-16.21lus]

12
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CHI1: Input Signal (TP2),
CH2: Channell Input (TP10)

Sine/500 Hz

Channell

8 KHz

R ST0F Jee oo | F B -4.800

BW
[mapEm z.860  [CHE~ 2,860 [Time S508.6us o+42.60us ]

CHI1: Sampling Clock(TP6),
CH2: Sampled Output(TP7)

Sine/500 Hz

Channell

8 KHz

3 EGE el -

AVAVAS
AN

[mapEm z.860  [CHEZ~ 2,860 [Time S508.6us o+46.60us ]

CHI1: Input Signal (TP5),
CH2: Sampled Output(TP7)

13
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Arbitrary /500 | Channel2 8 KHz TR =T e B 420
Hz v
[13
P ,['“b] A -
B 3 m_‘_ v-n R ‘_-\_ | . _"'_ -
;"'\_«ﬂ‘_ H ”"|_r’n— C w"’\.—.r"—_ N
Freqi=119.8kHz Frealll=131.&kH=z

[migEm =.560  [CHzZe z.66U0  [Time 26.80us 6253.65us |
CHI1: Input Signal (TP11),
CH2: Sampled Output(TP12)

Arbitrary /500 | Channel2 8 KHz RIGOL STOP @ |- e oAl £ B C1.60
v
HZ ’\ o J-\._ s |HI. *
1 1I 1 y
1 /¥ / v
=0 W v Y. W W/
B s L)
e ”
e CTRYE COLT=T7640 - L B Ll
Frea2l=4%3.2Hz Frealll=493.84z
L H | _ CHZ= 1.88v Time 1.000ms -9 ,00003

CHI1: Input Signal (TP10),
CH2: Sampled Output(TP12)
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Experiment 2
Objective:
Observe the PCM clock and PCM output by varying the line speed frequency.
Setup:
e  TechBook Scientech 2804
e  Power Supply
e  Oscilloscope/DSO
e  Test probe

Connection Diagram:

Transmitter Receiver

4-Channel TDOM-PCM Transmitter & Receiver

Procedure:
Step 1: Connect and switch on the power supply of Scientech 2804.

Step 2: 2-channel TDM-PCM is selected by default and LEDs of Channell and
Channel2 will glow when user switch on the power.

Step 3: Select input signal type of channel 1 using push button i.e. Sine, Square and
Arbitrary, given at Signal Generator 1. And respective LED will glow according to
the selection. Observe the input signal on test point (TP1).

Step 4: Select input signal frequency of channel 1 using push button i.e. 500Hz, 1
KHz, 1.5 KHz, 2 KHz and 3 KHz, given at Signal Generator 1. And respective LED
will glow according to the selection. Observe the change in frequency on test point
(TP1).

Step 5: Select input signal type of channel 2 using push button i.e. Sine, Square and
Arbitrary, given at Signal Generator 2. And respective LED will glow according to
the selection. Observe the input signal on test point (TP2).

Step 6: Select input signal frequency of channel 2 using push button i.e. 500Hz, 1
KHz, 1.5 KHz, 2 KHz and 3 KHz, given at Signal Generator 2. And respective LED

15
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will glow according to the selection. Observe the change in frequency on test point
(TP2).

Step 7: Select sampling frequency using push button i.e. 8 KHz, 16 KHz and 32
KHz. And respective LED will glow according to the selection.

Observation:

e  Observe the input signal at TP1 and TP2 by varying input signal type and
frequency on the oscilloscope screen.

e  Observe the same input signal at TP5 and TP10.

e  Observe the sampled clock at TP6 & TP11 and sampled signal at TP7 & TP12
by varying sampling frequency using push button.

e  Observe the line Speed clock at TP8 & TP13 and PCM output at TP9 & TP14.

B EEE e
H H T H H 4 H H T H H

Fredl =62.58kHz Fre4ill=7.5 13kHz -

[cHi= 2.000  Jmamm z.o00 | Time 20.00us G+544.0us |

CHI1: Sampling Clock (TP6/TP11), CH2: Line Speed Clock (TP8/TP13)

16
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Sine/500 Hz Channell 8 KHz R S10F l!lf’vw@wwvﬂ l_f 2o '

N

||||||||||||||||||||||||||||||||||||||||||||||||||||||

Fredsi=12.58kHz - Fre4il) =62 .SokHz | S
[CHi= z.@0y  |s=em z.660 | Time 5@.06u 0+1.55205 |

CHI1: PCM Clock (TPS),
CH2: PCM Output (TP9)

Sine/500 Hz Channell 8 KHz ? ST'I':F' l!'lfwww@wwﬂ l:f —??amu '

B T e R A
Freal)=438.2Hz Do
[cHi= z.pau  Jemem 2080 [Tine S66.6us o3 .640ns ]

CHI1: Input Signal (TP5),
CH2: PCM Output (TP9)

Arbitrary /500 | Channel2 8 KHz ? STOF e~ A LT 720
HZ . . . . . . . . . .

Freaill=376.6Hz Fre<21=25,08kHz | L
[cHi= 1.eay  [miemm .80 [Time 26@.8us 043 .048n= ]

CHI1: Input Signal (TP10),
CH2: PCM Output (TP14)

17
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Experiment 3
Objective:
Observe the 17 bit frame of multiplexed output with added framing pulse.
Setup:
. TechBook Scientech 2804
. Power Supply
. Oscilloscope/DSO
. Test probe

Connection Diagram:

Transmitter

=

R!y i Genarator2  Signal Generator 3 Sighal Generstor4  Froquancy  Channel Mods
= e e Salection Salaction
» 2 - O Q-0
E. e
- H
-
1
-

4-Channel TDM-PCM Transmitter & Receiver

Procedure:
Step 1: Connect and switch on the power supply of Scientech 2804.

Step 2: 2-channel TDM-PCM is selected by default and LEDs of Channell and
Channel2 will glow when user switch on the power.

Step 3: Select input signal type of channel 1 using push button i.e. Sine, Square and
Arbitrary, given at Signal Generator 1. And respective LED will glow according to
the selection. Observe the input signal on test point (TP1).

Step 4: Select input signal frequency of channel 1 using push button i.e. 500 Hz, 1
KHz, 1.5 KHz, 2 KHz and 3 KHz, given at Signal Generator 1. And respective LED
will glow according to the selection. Observe the change in frequency on test point
(TP1).

Step 5: Select input signal type of channel 2 using push button i.e. Sine, Square and
Arbitrary, given at Signal Generator 2. And respective LED will glow according to
the selection. Observe the input signal on test point (TP2).

18
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Step 6: Select input signal frequency of channel 2 using push button i.e. 500 Hz, 1
KHz, 1.5 KHz, 2 KHz and 3 KHz, given at Signal Generator 2. And respective LED
will glow according to the selection. Observe the change in frequency on test point
(TP2).

Step 7: Select sampling frequency using push button i.e. 8 KHz, 16 KHz and 32
KHz. And respective LED will glow according to the selection.

Observation:

1. Observe the input signal at TP1 and TP2 by varying input signal type and
frequency on the oscilloscope screen.

2. Observe the same input signal at TP5 and TP10.

3. Observe the sampled clock at TP6 & TP11 and sampled signal at TP7 & TP12
by varying sampling frequency using push button.

4.  Observe the line speed clock at TP8 & TP13 and PCM output at TP9 & TP14.
5. Observe the multiplexed output with added framing pulse at TP26 and its clock

at Clockl.
Sine/500 Hz & KHz '

Freaill=125.8kHz Fre42 =135, kHz © = =
[MaEEm z.o00  JCHz— 2,000 | Time 18.08us 03,0400 |
CHI1: Multiplexer Clock (TP25),

CH2:Clock for 17 bits frame (TP clockl)
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Sine/500 Hz

8 KHz

3 E !f B -4.cau

Freaill=135.8kHz Fred# =135 (kHz -

[oiipEm 2.o00  |CHz= 2.080  ]Time 5.600us @3 .046ms |
CH1: Multiplexer Clock (TP25),

CH2: Clock for 17 bits frame (TP clockl)

Sine/500 Hz

8 KHz

3 EGE Ceel E  R
H H T H H AR H T H H

Freaill =8.475kHz Fre<2 =52 .SekHz -

[oasEm z.mey  JCHz= 2,000 | Time 20.00us 03.840ns |

CHI: Clock for 17 bits frame (TP clockl),
CH2: 17 bits frame (TP 26)

Sine/500 Hz

8 KHz

TEIN o e | F B —4.240
ﬁ h

Fresl=125.8kHz Fresill= 125 .8kHz
[mspem z.080  [cHz~ Z.@80  [Time 5.8@6us ©+52.02us |

CHI: Multiplexer Clock (TP25),
CH2: Clock at detecting Frame bit(TP clock?2)

20
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Experiment 4
Objective:
Observe the 16 bit frame output after detecting framing pulse.
Setup:
e  TechBook Scientech 2804
e  Power Supply
e  Oscilloscope/DSO
e  Test probe

Connection Diagram:

Transmitter Receiver

4-Channel TDM-PCM Transmitter & Receiver

Procedure:
Step 1: Connect and switch on the power supply of Scientech 2804.

Step 2: 2-channel TDM-PCM is selected by default and LEDs of Channell and
Channel2 will glow when user switch on the power.

Step 3: Select input signal type of channel 1 using push button i.e. Sine, Square and
Arbitrary, given at Signal Generator 1. And respective LED will glow according to
the selection. Observe the input signal on test point (TP1).

Step 4: Select input signal frequency of channel 1 using push button i.e. 500 Hz, 1
KHz, 1.5 KHz, 2 KHz and 3 KHz, given at Signal Generator 1. And respective LED
will glow according to the selection. Observe the change in frequency on test point
(TP1).

Step 5: Select input signal type of channel 2 using push button i.e. Sine, Square and
Arbitrary, given at Signal Generator 2. And respective LED will glow according to
the selection. Observe the input signal on test point (TP2).
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Step 6: Select input signal frequency of channel 2 using push button i.e. 500 Hz, 1
KHz, 1.5 KHz, 2 KHz and 3 KHz, given at Signal Generator 2. And respective LED
will glow according to the selection. Observe the change in frequency on test point
(TP2).

Step 7: Select sampling frequency using push button i.e. 8 KHz, 16 KHz and 32
KHz. And respective LED will glow according to the selection.

Observation:

e  Observe the input signal at TP1 and TP2 by varying input signal type and
frequency on the oscilloscope screen.

e  Observe the same input signal at TP5 and TP10.

e  Observe the sampled clock at TP6 & TP11 and sampled signal at TP7 & TP12
by varying sampling frequency using push button.

e  Observe the line Speed clock at TP8 & TP13 and PCM output at TP9 & TP14.

e  Observe the multiplexed output with added framing pulse at TP26 and its clock
at Clockl.

e  Observe the 16 bit frame output after detecting framing pulse at TP27 and its
clock at Clock?2.

Sine/500 Hz 8 KHz 3 (EEE T M@M 7o -<.2q0
a

P+

Fred2=125.8kHz Freaill= 137.8kHz
[WEFER =600 JCHzw =.06l0  |Tine 18.80us we53.65us |

CHI: Clock for 17 bits frame (TP clockl),
CH2: Clock at detecting Frame bit(TP clock?2)
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T

Sine/500 Hz & KHz @ | STOP l@lwm@mmwa !If 1.76U '

Freaill =1688.8kHz Fre42 =41.6TkHz -

[cHi= 2.000  Jwaem z.o00 | Time 50.00us w6.0000s |

CHI1: Clock at detecting Frame bit(TP clock?2)
CH2: 16 bit PCM Frame (TP 27)

Sine/500 Hz & KHz T cTor ]E|WM =8 -+.z90
a

Fred2=125.8kHz Freaill= 125.8kHz
[WERER =000 JCHzw =06l |Tine 5.000us we53.65us |

CHI: Multiplexer Clock (TP 25),
CH2: Clock at detecting Frame bit(TP clock?2)
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Experiment 5
Objective:
Observe the demultiplexed output.
Setup:
e  TechBook Scientech 2804
e  Power Supply
e  Oscilloscope/DSO
e  Test probe

Connection Diagram:

Transmitter Receiver

Channiel 2

LER R

Channei’s

[}

o WU L) L L = 5
B a

0,

- ™

/ i

e e T T
-

-
Amirwy  3KHz

4-Channel TDM-PCM Transmitter & Receiver

-
Sine
-

Square
-

24



Scientech 2804
Procedure:
Step 1: Connect and switch on the power supply of Scientech 2804.

Step 2: 2-channel TDM-PCM is selected by default and LEDs of Channell and
Channel2 will glow when user switch on the power.

Step 3: Select input signal type of channel 1 using push button i.e. Sine, Square and
Arbitrary, given at Signal Generator 1. And respective LED will glow according to
the selection. Observe the input signal on test point (TP1).

Step 4: Select input signal frequency of channel 1 using push button i.e. 500 Hz, 1
KHz, 1.5 KHz, 2 KHz and 3 KHz, given at Signal Generator 1. And respective LED
will glow according to the selection. Observe the change in frequency on test point
(TP1).

Step 5: Select input signal type of channel 2 using push button i.e. Sine, Square and
Arbitrary, given at Signal Generator 2. And respective LED will glow according to
the selection. Observe the input signal on test point (TP2).

Step 6: Select input signal frequency of channel 2 using push button i.e. 500 Hz, 1
KHz, 1.5 KHz, 2 KHz and 3 KHz, given at Signal Generator 2. And respective LED
will glow according to the selection. Observe the change in frequency on test point
(TP2).

Step 7: Select sampling frequency using push button i.e. 8 KHz, 16 KHz and 32
KHz. And respective LED will glow according to the selection.

Observation:

e  Observe the input signal at TP1 and TP2 by varying input signal type and
frequency on the oscilloscope screen.

e  Observe the same input signal at TP5 and TP10.

e  Observe the sampled clock at TP6 & TP11 and sampled signal at TP7 & TP12
by varying sampling frequency using push button.

e  Observe the line Speed clock at TP8 & TP13 and PCM output at TP9 & TP14.

e  Observe the multiplexed output with added framing pulse at TP26 and its clock
at Clockl.

e  Observe the 16 bit frame output after detecting framing pulse at TP27 and its
clock at Clock?2.

e  Observe the PCM output at individual channel after demultiplexing at TP29 and
TP32.

25
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Sine/500 Hz | Channell 8 KHz 3 EE CTpEsse———v——— AT

B

Freaill=28.83kHz Fred#=2.924kHz © & =
[cHi= z.ooy  |eaEE 2,000 | Time 108.6us 0+0.0000s |
CH1: PCM output (TP9),

CH2:PCM Output after Demultiplexer (TP29)

Arbitrary Channel2 8 KHz
/500 Hz G I e L N
H H T H HA I H T H H

[cHi= z.pey  |wamm 2.000 | Time 109.0us G 1.244ns |
CH1: PCM Output (TP14),
CH2:PCM Output after Demultiplexer (TP32)
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Experiment 6
Objective:
Observe the Demodulated output of 2-Channel TDM-PCM.
Setup:
. TechBook Scientech 2804
. Power Supply
. Oscilloscope/DSO
. Test probe

Connection Diagram:

Transmitter Receiver

Channe 2

g 5 g 4

Channei 3
b 1% -4
: el <
- =

‘Channel 4
psT-ofor] 3
: =
S
% o 3 E
Sighal Generat~ * wignal Genarator 2 Signal Generator 3 Signal Generator 4 Fraquency Channel Mode
e SR % Selection Selection
o = | e
_ - o
5

t Rz
- wm

Squam
-

4-Channel TDM-PCM Transmitter & Receiver
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Procedure:
Step 1: Connect and switch on the power supply of Scientech 2804.

Step 2: 2-channel TDM-PCM is selected by default and LEDs of Channell and
Channel2 will glow when user switch on the power.

Step 3: Select input signal type of channel 1 using push button i.e. Sine, Square and
Arbitrary, given at Signal Generator 1. And respective LED will glow according to
the selection. Observe the input signal on test point (TP1).

Step 4: Select input signal frequency of channel 1 using push button i.e. 500 Hz, 1
KHz, 1.5 KHz, 2 KHz and 3 KHz, given at Signal Generator 1. And respective LED
will glow according to the selection. Observe the change in frequency on test point
(TP1).

Step 5: Select input signal type of channel 2 using push button i.e. Sine, Square and
Arbitrary, given at Signal Generator 2. And respective LED will glow according to
the selection. Observe the input signal on test point (TP2).

Step 6: Select input signal frequency of channel 2 using push button i.e. 500 Hz, 1
KHz, 1.5 KHz, 2 KHz and 3 KHz, given at Signal Generator 2. And respective LED
will glow according to the selection. Observe the change in frequency on test point
(TP2).

Step 7: Select sampling frequency using push button i.e. 8 KHz, 16 KHz and 32
KHz. And respective LED will glow according to the selection.

Observation:

e  Observe the input signal at TP1 and TP2 by varying input signal type and
frequency on the oscilloscope screen.

e  Observe the same input signal at TP5 and TP10.

e  Observe the sampled clock at TP6 & TP11 and sampled signal at TP7 & TP12
by varying sampling frequency using push button.

e  Observe the line Speed clock at TP8 & TP13 and PCM output at TP9 & TP14.

e  Observe the multiplexed output with added framing pulse at TP26 and its clock
at Clockl.

e  Observe the 16 bit frame output after detecting framing pulse at TP27 and its
clock at Clock2.

e  Observe the PCM output at individual channel after demultiplexing at TP29 and
TP32.
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Sine/500 Hz Channell §KHz | FEEM=Tor Jee o L F B -40ou
T T T T

T TR G |
CH1: PCM Output (TP29),
CH2: Demodulated Output (TP30)

e  Observe the Demodulated output at TP30 and TP33.

Sine/500 Hz Channell §KHz | FEEM=Tor Jee o L F B 80000
T e

T TR G |
CHI1: Sampled Signal (TP7),
CH2: Demodulated Output (TP30)
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Arbitrary /500
Hz

Channel2

8 KHz

T

3 N R
B T B B " H B

[cHI= z.@0U  Waem 1.00U ] Tine 506.6us - 1.352ns]

e

I8 aoaw

CH1: PCM Output (TP32),
CH2: Demodulated Output (TP33)

Arbitrary /500
Hz

Channel2

8 KHz

I8 aoaw

T

3 SR P
AR A A e

[cHI= z.@0U  Waem 1.00U ] Tine 506.6us - 1.352ns]

CHI: Sampled Signal (TP12),
CH2: Demodulated Output (TP33)

Square/500 Hz

Channell

32 KHz

RIGOL STOF (R foroococfimmsse s

v

CH1z 2 .8al

NaEe

F 232

Sa

[LH. - peals iy

N

Time S86.Aus DHEE . AEUS

CHI: PCM Output (TP29),

CH2: Demodulated Output (TP30)
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Square/500 Hz | Channell | 32 KHz 2 (SN O[S cweeweee g IERCYN

v

[EH 1= :2.aa:u [[g.m 2.:aau . ITi;me a:aa.a:us ﬁ;1.2:32m5 |
CHI1: Sampled Signal (TP7),
CH2: Demodulated Output (TP30)
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Experiment 7

Objective:
Observe the Low Pass Filter output of Demodulated signal of 2-Channel TDM-PCM.

Setup:
° TechBook Scientech 2804

e  Power Supply
e  Oscilloscope/DSO
e  Test probe

Connection Diagram:

Transmitter

=l 1

Sighal Generstor 1 Signal Genarator 2 Signal Genermine. 2.2 giial Gener rator 4 Fraquency  Channel Mode
- 1 R * Selection Selection

O] (s Klls1 o

4-Channel TDM-PCM Transmitter & Receiver

Procedure:
Step 1: Connect and switch on the power supply of Scientech 2804.

Step 2: 2-channel TDM-PCM is selected by default and LEDs of Channell and
Channel2 will glow when user switch on the power.

Step 3: Select input signal type of channel 1 using push button i.e. Sine, Square and
Arbitrary, given at Signal Generator 1. And respective LED will glow according to
the selection. Observe the input signal on test point (TP1).

Step 4: Select input signal frequency of channel 1 using push button i.e. 500 Hz, 1
KHz, 1.5 KHz, 2 KHz and 3 KHz, given at Signal Generator 1. And respective LED
will glow according to the selection. Observe the change in frequency on test point
(TP1).

Step 5: Select input signal type of channel 2 using push button i.e. Sine, Square and
Arbitrary, given at Signal Generator 2. And respective LED will glow according to
the selection. Observe the input signal on test point (TP2).

Step 6: Select input signal frequency of channel 2 using push button i.e. 500 Hz, 1
KHz, 1.5 KHz, 2 KHz and 3 KHz, given at Signal Generator 2. And respective LED
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will glow according to the selection. Observe the change in frequency on test point
(TP2).

Step 7: Select sampling frequency using push button i.e. 8 KHz, 16 KHz and 32
KHz. And respective LED will glow according to the selection.

Observation:

Observe the input signal at TP1 and TP2 by varying input signal type and
frequency on the oscilloscope screen.

Observe the same input signal at TP5 and TP10.

Observe the sampled clock at TP6 & TP11 and sampled signal at TP7 & TP12
by varying sampling frequency using push button.

Observe the line Speed clock at TP8 & TP13 and PCM output at TP9 & TP14.

Observe the multiplexed output with added framing pulse at TP26 and its clock
at Clockl.

Observe the 16 bit frame output after detecting framing pulse at TP27 and its
clock at Clock?2.

Observe the PCM output at individual channel after demultiplexing at TP29 and
TP32.

Observe the Demodulated output at TP30 and TP33.
Observe the Low Pass Filter output of demodulated signal at TP31 and TP34.

Sine/500 Hz | Channell & KHz RIEDL: STD:F' -' b R ] £ 8 -4y

NESE

B......

CHI1: Demodulated Output (TP30),
CH2: Low Pass Filter Output (TP31)
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Sine/500 Hz

Channell

8 KHz

¥

TN -ToF Js oo | F B 220U
: R T fﬁf : :

[MiFEm z.000  JcHz= 1.000 | Time 508.0us - 1.352ns]

CHI: Input Signal (TPS),
CH2: Low Pass Filter Output (TP31)

Arbitrary
/500 Hz

Channel2

8 KHz

3 T T P
R A

F A 1.320

[cHI= f.oeu Jwamm .00U | Time 508.0us - 1.352us]

CHI1: Demodulated Output (TP33),
CH2: Low Pass Filter Output (TP34)

Arbitrary
/500 Hz

Channel2

8 KHz

TERN =T0F Jo[ i
: R : T :

@ 1.33u

[Mi5ER z.me0  |CHo= L.000 | Time 508.8us - 1.352n=]

CHI1: Input Signal (TP

10),

CH2: Low Pass Filter Output (TP34)
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Square / Channell 8 KHz RIGOL STOF (N forococcimmmmgincerced £ B) —488m0
H H H H y ki H B H H H
500 Hz S
CHi= 2.080 Wb 2.000  Time 500.8us §+560.0us
CHI: Input Signal (TP30),
CH2: Low Pass Filter Output (TP31)
Square / Channell 8 KHz RIGOL STOF (N forococcimmmmgincerced £ B) —488m0
H H H H y ki H B H H H
1 KHz S
CHi= 2.080 Wb 2.000  Time 500.8us §+560.0us
CHI: Input Signal (TP30),
CH2: Low Pass Filter Output (TP31)
Square / Channell 8 KHz RIGOL STOP (SR porrorrfwmestorrceed || F —BEmn
H H H H H ki H B H H H
1.5 KHz S T -
(13
B
MIEER 1.00U  CHZe 1.00U  Time 200.0us @0560.0us
CHI: Input Signal (TP30),
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CH2: Low Pass Filter Output (TP31)

Square / Channell 8 KHz RIGOL T'C &k F B -4m8my
2 KHz
7\ f Voo a F A ,f
i 1‘|‘ 1"1.L % Iir "!\ i
; % |Ir LY fF \' {
Bw o e h!f \*a-"
MEFER 1.0G0  CHZ= 1.G6U  Time 208.0us ©°560.0us
CHI: Input Signal (TP30),
CH2: Low Pass Filter Output (TP31)
Square/ Channell 8 KHz RIGOL STOP forrerr i ] F —4@amt)
3 KHz v
(13

oy o o g
S AYAV LA A LA
| 5 I | A W | ; i
_IF ‘\v','l v 4 "'"».'.l H""Hl' \'\-F\]I 'l.|l

MEEER 1,980 CHz= 1.B6Y  Time 208.8us ©°560.G0us
CHI: Input Signal (TP30),

CH2: Low Pass Filter Output (TP31)

Note :- Above results are shown filter effects of square wave w.r.t frequency . Type
of low-pass filter at the receiver end is 2™ order butterworth active filter with 3-db,
cut-off frequency 5 KHz. If you observe the signal at the output of the DAC i.e. input
of the filter, you will see the proper square wave. As we have used low-pass filter
with cut-off frequency 5 KHz so you are getting curved shape square wave due to the
RC effect of the filter at maximum input frequency option i.e. 3 KHz.
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Four Channel TDM-PCM: A four channel system, one example is taken from each
channel during each frame, and the time allocated to transmit the PCM bits from each
channel is equal to one-half the total frame time. Figure shows the TDM frame
allocation for a four channel two-channel PCM system with an 8§ KHz sample rate.
Therefore, eight bits from each channel must be transmitted during each frame. Thus,
the line speed at the output of the multiplexer is

4 channel frames bits
- s ® = 256 kbps
frame second channel
64 I Buffer channel 1
kbps |-
%Ch_anneﬂ ——»| PCM e 0 256 KHz
input encoder i clock
, m
I T € 256
| D kbps
| 256 KHz i .
| clock 'vif
|
. H
' 0 |8KHz
Channels 2-3 0 clock W
| o '
. u 111
| u 32 [ A
: 256 KHz t 33-bit shift register FB 264 Kbps PCM TDM
| clock ._i'-_:;
| )
i e
= Clock
Ch_annel 4 PCM r 264 KHz
QJ input g encoder I <— Buffer
channel 4

Later on an additional bit (called framing bit) is added to each frame. The framing bit
occurs at 8000 bps rate and is recovered in the receiver, where it is used to maintain
frame and sample synchronization between TDM transmitter and receiver. Here what
we are discussing about 4-Channel TDM-PCM, using 8 KHz sampling frequency for
all calculation.

For 4-channel each frame contains 32-bits so line speed will be

bits i channel i frames _ 256 kbps

channel frame second

Then, after adding single bit (total 33-bit) bit rate will be
bits i channel i frames _ 2645 kbps

channel frame second
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Experiment 8

Objective:

e  Observe Input signal by the following Signal frequency
= 500 Hz, 1 KHz, 1.5 KHz, 2 KHz and 3 KHz.

e  Observe the sample and hold signal by varying the sampling clock i.e.
= 8§ KHz, 16 KHz, 32 KHz.

Setup:

e  TechBook Scientech 2804

e  Power Supply

e  Oscilloscope/DSO

e  Test probe

Connection Diagram:

Transmitter

Procedure:
Step 1: Connect and switch on the power supply of Scientech 2804.

Step 2: Select 4 channel TDM-PCM using push button and LEDs of Channel 1,
Channel 2, Channel 3 and Channel 4 will glow.

Step 3: Select input signal type of channell, channel2, channel3 and channel4 using
respective push button i.e. Sine, Square and Arbitrary, given at respective Signal
Generators. And respective LED will glow according to the selection of channel.
Observe the input signal on test points (TP1, TP2, TP3 and TP4).

Step 4: Select input signal frequency of channell, channel2, channel3 and channel4
using respective push button i.e. 500 Hz, 1 KHz, 1.5 KHz, 2 KHz and 3 KHz, given at
respective Signal Generators. And respective LED will glow according to the
selection. Observe the change in frequency on test points (TP1, TP2, TP3 and TP4).
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Step 5: Select sampling frequency using push button i.e. 8 KHz, 16 KHz and 32
KHz. And respective LED will glow according to the selection.

Observation:

e  Observe the input signal at TP1, TP2, TP3 and TP4 by varying input signal type
and frequency on the oscilloscope screen.

e  Observe the same input signal at TP5, TP10, TP15 and TP20.

e  Observe the sampled clock at TP6, TP11, TP16 and TP21 & sampled signal at
TP7, TP12, TP17 and TP22 by varying sampling frequency using push button.

Sine/500 Hz | Channell - ? Il e T By '

[EHT=] :2.aa:u ]:CH2; 2.:ZIBU . ITi:me- 2:33.3145 ﬁ:->1.2:32m5 ]
CHI1: Input Signal (TP1),
CH2: Channell input(TP5)

Arbitrary /1.5 | Channel2 - MME 4zany |

N AR
A

Fred2)=1.493kHz Frealll=1.47 1kHz
[mapEm z.6a0  [CHze 2.880  [Time S86.6us oe-16.2 us]

CHI1: Input Signal (TP2),
CH2: Channell input(TP10)
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Square /500 | Channel3 - g | S @Ih@ lgf 2.0 '

T

Hz : : : : L

b8 e e e i e G e ek e k]

Freaill=488.8Hz Fred2i=43a.8Hz . . .
[cHi= t.eay  [sE 1660 |Time 2.8@8ms o 1.232ns |

CHI1: Input Signal (TP3),
CH2: Channell input(TP15)

Sine/500 Hz Channell 8 KHz ?-MMB -4.800

[mapEm z.ea0  [CHze 2.880  [Time S586.6us w246.66us |

CHI1: Input Signal (TP5),
CH2: Sampled Output(TP7)

Sine/500 Hz Channell 8 KHz m@ﬂ -4.800

e

[maiEm z.6a0  [CHze 2.880  [Time S586.6us wed4s.66us |
CHI1: Input Signal (TP6),
CH2: Sampled Output(TP7)
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Arbitrary Channel2 16 KHz R160L - e £ 8 2080
/1.5KHz (e A N s i o
1 )
s J J jJ' o \f
F}-"' y
Frea2i=1.562kHz Freslll=1.493kHz
CH1= 1.88U i 1,000 Time 500 .0us 1200
CHI1: Input Signal (TP2),
CH2: Sampled Output(TP12)
Square/500 | Channel3 8 KHz RIGOL STOR Fronoocmmtmmnoneed | £ W 1,640
Hz FEPR FUUTRS S SV -V VY SO S S S
A 0 T T 0 O G S 5 [ U I OO D Y
Pt ek et . Ak e bl Lodrh NS
Bl e, HAe & e e s e gt S
Fredz) =425 .4Hz  Freail) =435.4Hz
[MENED 1.8E0 CHz= 1.0&L Time S08.8us DHE226.0us
CHI1: Input Signal (TP3),
CH2: Sampled Output(TP17)
Arbitrary Channel4 8 KHz RIGOL. STOP @ 1--eporrreed | £ @ ~1.64
/1.5KHz B R L
n'\, W w W Iv' W
s
P.Ir. 1:h‘1::1' L'-'-L:--'!I'.*_-.d'l.l'l-'- e = %)
Frea2l=4%3.2Hz Frealll=493.84z
L H | _ CHZ— 1.88 Time 1.000ms -9 ,00003
CHI1: Input Signal (TP4),
CH2: Sampled Output(TP22)

41




Scientech 2804
Experiment 9
Objective:
Observe the PCM clock and PCM output by varying the line speed frequency.
Setup:
e  TechBook Scientech 2804
° Power Supply
° Oscilloscope/DSO
° Test probe

Connection Diagram:

Transmitter

Channel 1

g T g 0

Chanriel 2

1 3 a M
= .'

Farames
-

2 Ed
Sighal Generstor 1 Signal Generator 2 Signal

o Ao
z 3

&
Saae 1550

Ay by 3 3
N Scientech 2804 4-Channel TDM-PCM Transmitter & Receiver

Procedure:
Step 1: Connect and switch on the power supply of Scientech 2804.

Step 2: Select 4 channel TDM-PCM using push button and LEDs of Channel 1,
Channel 2, Channel 3 and Channel 4 will glow.

Step 3: Select input signal type of channell, channel2, channel3 and channel4 using
respective push button i.e. Sine, Square and Arbitrary, given at respective Signal
Generators. And respective LED will glow according to the selection of channel.
Observe the input signal on test points (TP1, TP2, TP3 and TP4).

Step 4: Select input signal frequency of channell, channel2, channel3 and channel4
using respective push button i.e. 500 Hz, 1 KHz, 1.5 KHz, 2 KHz and 3 KHz, given at
respective Signal Generators. And respective LED will glow according to the
selection. Observe the change in frequency on test points (TP1, TP2, TP3 and TP4).

Step 5: Select sampling frequency using push button i.e. 8 KHz, 16 KHz and 32
KHz. And respective LED will glow according to the selection.
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Observation:

e  Observe the input signal at TP1, TP2, TP3 and TP4 by varying input signal type
and frequency on the oscilloscope screen.

e  Observe the same input signal at TP5, TP10, TP15 and TP20.

e  Observe the sampled clock at TP6, TP11, TP16 and TP21 & sampled signal at
TP7, TP12, TP17 and TP22 by varying sampling frequency using push button.

e  Observe the line Speed clock at TP8, TP13, TP18 and TP23 & PCM output at
TP9, TP14, TP19 and TP24.

B EE el 136U
<
R picbingehimrbrgireten
L R -

T

Frealll =3 .98 kH=z

CH1= 2.0l II!IE 2.EE) ITimE SH.EEus - 1L EERLS

CHI1: Sampling Clock (TP6/TP11/TP16/TP21), CH2: Line Speed Clock
(TP8/TP13/TP18/TP23)

Sine/500 Hz

Channell 8 KHz TGO e e [ F W 2. 16U
“ -

Fred?] =188 .BkHz - F reall] Stk
[cHi= 2.eay  Jemdm 2660 [Time 26.86us oD022.600us ]|

CHI1: Input Signal (TP5),
CH2: PCM Output (TP9)
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Arbitrary/ Channel2 8 KHz RIGOL STOF e I i 1.54U
500Hz v
B
B
BIEER 1,880  CHZ= 1.86U  Time 1.B8Ems ©40.0000s
CHI1: Input Signal (TP10),
CH2: PCM Output (TP14)
Square/500 Channel3 | 8 KHz T ET0F P [ F @ 2680
Hz
red2] =485 .4Hz  Frealll=435.4H=z
[miapem 1.@cy ToHZ= 1,860 [Time 1.6@6ms oe40.00us ]
CHI1: Input Signal (TP15),
CH2: PCM Output (TP19)
Arbitrary | Channel4 | 16 KHz TN o Jer el [T B 4200
/1.0KHz v
™  h i
= ...,ww" lal *--.LF‘:__: - 'w'\-mr-_: I
.\ . .-n.,q.:..q: --h‘:'-:.d-‘*-i‘.‘;-'.-!- ,_..:4:-.:. an q -
| 1w 1l
LG i L B0 AR UL U LR LR
Fredd)=tsass  Frooll) =25.00kHz

T S (TR
CH1: PCM Output (TP22),

CH2: Sampled Signal (TP24)
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Sine/500 Hz

Channell

8 KHz

3 STOF el -

MU

[mapEm z.6a0  [CHze 2.880  [Time S58.86us oe45.66us |

CHI1: Line speed (TPS),
CH2: PCM Output (TP9)

Sine/1.5
KHz

Channel2

8 KHz

3 (EG el L
ﬁ -

. T O s e M
B

s ol S T R A PR W

Fred2) =125.8kHz - Frealll =555.6kHz
[mapEm z.6a0  [CHze 2.880  [Time 5.886us 0259.65us |

CHI: Line speed (TP13),
CH2: PCM Output (TP14)

Sine/500 Hz

Channel3

8 KHz

3 (EG s el L
-
[T}

Fred2)=119.8kHz Frealll=131.6kHz
[mapEm z.6a0  [CHze 2.880  [Time 26 .86us 0259.65us |

CHI: Line speed (TP18),
CH2: PCM Output (TP19)
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Experiment 10
Objective:
Observe the 33 bit frame of multiplexed output with added framing pulse.
Setup:
e  TechBook Scientech 2804
e  Power Supply
e  Oscilloscope/DSO
e  Test probe

Connection Diagram:

Transmitter Receiver

Chanrial 4

e ) g I g g

B

- -

= Conymrmine ;
o e

! :
; I 5 ;
T = E

o eme %

-
Artirary

e
\‘} Scientech 2804

Procedure:
Step 1: Connect and switch on the power supply of Scientech 2804.

Step 2: Select 4 channel TDM-PCM using push button and LEDs of Channel 1,
Channel 2, Channel 3 and Channel 4 will glow.

Step 3: Select input signal type of channell, channel2, channel3 and channel4 using
respective push button i.e. Sine, Square and Arbitrary, given at respective Signal
Generators. And respective LED will glow according to the selection of channel.
Observe the input signal on test points (TP1, TP2, TP3 and TP4).

Step 4: Select input signal frequency of channell, channel2, channel3 and channel4
using respective push button i.e. 500 Hz, 1 KHz, 1.5 KHz, 2 KHz and 3 KHz, given at
respective Signal Generators. And respective LED will glow according to the
selection. Observe the change in frequency on test points (TP1, TP2, TP3 and TP4).

Step 5: Select sampling frequency using push button i.e. 8 KHz, 16 KHz and 32
KHz. And respective LED will glow according to the selection.
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Observation:

e  Observe the input signal at TP1, TP2, TP3 and TP4 by varying input signal type
and frequency on the oscilloscope screen.

e  Observe the same input signal at TP5, TP10, TP15 and TP20.

e  Observe the sampled clock at TP6, TP11, TP16 and TP21 & sampled signal at
TP7, TP12, TP17 and TP22 by varying sampling frequency using push button.

e  Observe the line Speed clock at TP8, TP13, TP18 and TP23 & PCM output at

TP9, TP14, TP19 and TP24.
e  Observe the multiplexed output with added framing pulse at TP26 and its clock
at Clockl.
Sine/500 Hz 8 KHz RIGOL STOP -|!.wwf.ww7mmx-;-.---! FB 190
LT
T
n;"‘rll':-'".-"é"—!-‘.-j:"-:-r-i;-!-la-:--—.::r:-:'-l --.—-I-'-*——:--'v:f
o P '-I-T"rJ‘- e nal
| & R W‘J‘M ot L ¥
Frea2l=:52.58kHz Freell]l =263.2kHz
CH1= 2Z.@8U L H,_ s s Time 10.00us G220, 0us
CHI: Clock for 33 bits frame(TP clockl),
CH2: 33 bits frame (TP 26)
Sine/500 Hz 16 KHz RIGOL STOP -I!-wwz.WTHM\-,-.-.-! F B 1.5
e A Nt 0 95 R e
l il [ e
L LJ,L,LJELLTJ_,;J-L_L_?“;L.J.,RL_H.,,,;.JH
| | L
| Ll e :
gy ..u.,.kr_ IL.\,-x.l,:, }“-'"r?" i',;-.*r'u. IM
| % II-'\,.-"H»-\.:P- b Lot L ~ I"-«-'\_l,-;\.)'

| _ ,

Frea2l=125.8kHz Freelll =525 . TkHz
CH1= 2Z.@8U [ H._ sl Time 5.000us G220, 0us

CHI1: Clock for 33 bits frame (TP clockl),
CH2: 33 bits frame (TP 26)
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Sine/500 Hz

32 KHz

RIGOL TOF e - A meee £F B 2.0
LT

R PR dals “ i 7 '

Frea2l=165.YkHz Freslll=1. 1368MHz
CH1= 2.88U [oH_ sl Time 2.000us O 196,50

CHI1: Clock for 33 bits frame (TP clockl),
CH2: 33 bits frame (TP 26)

Sine/500 Hz

8 KHz

RIGOL STOF 5 F @ -4.320

Fred2] =266 .4kHz  Frealll =258 .8kHz
JLH - Ee=i CHzw~ 2.88U Time 2.880us D2-40,240=s

CHI1: Multiplexer Clock (TP25),
CH2:Clock for 33 bits frame (TP clockl)
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Experiment 11
Objective:
Observe the 32 bit frame output after detecting framing pulse.
Setup:
e  TechBook Scientech 2804
e  Power Supply
e  Oscilloscope/DSO
e  Test probe

Connection Diagram:

Transmitter

wailor2  Signal Gensrator3  Sighal Generator4  Fréquency  Channel Mode
Selection Salection

(o 1o |

4-Channel TDM-PCM Transmitter & Receiver

Procedure:
Step 1: Connect and switch on the Power Supply of Scientech 2804.

Step 2: Select 4 channel TDM-PCM using push button and LEDs of Channel 1,
Channel 2, Channel 3 and Channel 4 will glow.

Step 3: Select input signal type of channell, channel2, channel3 and channel4 using
respective push button i.e. Sine, Square and Arbitrary, given at respective Signal
Generators. And respective LED will glow according to the selection of channel.
Observe the input signal on test points (TP1, TP2, TP3 and TP4).

Step 4: Select input signal frequency of channell, channel2, channel3 and channel4
using respective push button i.e. 500 Hz, 1 KHz, 1.5 KHz, 2 KHz and 3 KHz, given at
respective Signal Generators. And respective LED will glow according to the
selection. Observe the change in frequency on test points (TP1, TP2, TP3 and TP4).

Step 5: Select sampling frequency using push button i.e. 8 KHz, 16 KHz and 32
KHz. And respective LED will glow according to the selection.
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Observation:

Observe the input signal at TP1, TP2, TP3 and TP4 by varying input signal type
and frequency on the oscilloscope screen.

Observe the same input signal at TP5, TP10, TP15 and TP20.

Observe the sampled clock at TP6, TP11, TP16 and TP21 & sampled signal at
TP7, TP12, TP17 and TP22 by varying sampling frequency using push button.

Observe the line Speed clock at TP§, TP13, TP18 and TP23 & PCM output at
TP9, TP14, TP19 and TP24.

Observe the multiplexed output with added framing pulse at TP26 and its clock
at Clockl.

Observe the 16 bit frame output after detecting framing pulse at TP27 and its
clock at Clock?2.

Sil’le/soo HZ 8 KHZ RIGOL <=TOF e I-_-'--'v\'f-'ﬂTw:THM\'-'-'-'! £F @ 1.9

v

Frea2l=31.25kHz Fre«ll]l =258 .8kHz
CH1= 2Z.@8U [ H. sl Time 5.000us 0 .0000

CHI1: Clock for 32 bits frame (TP clock?2)
CH2: 32 bit Frame (TP 27)

Sil’le/soo HZ 16 KHZ RIGOL STOP e I-_-'--'v\'f-'ﬂTw:THM\'-'-'-'! F B 1.7

v

El | | | | i i i |
rr‘a_-i.nl-..r-ﬁf.hr-n-r-_r-_F:rqnl'if-t\h!-r-hl-h‘-_a-_a-_
|

Freal=1083.8kHz Fresll =508 .8kHz
CH1= Z.@8U [ H._ sl Time 5.000us G0 .0000

CHI1: Clock for 32 bits frame (TP clock?2)
CH2: 32 bit Frame (TP 27)
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Sine/500 Hz

32 KHz

RIGOL STOR e |- e T . F B 1.2

-“'“*"‘i“"‘l"“'.‘""?’ .au..p,-,--.p_...!,-lil.:f

Cadddddddddad dddddaadadd:
labyd A=l VI WY N WA !

B il ol bal ol i et el

Freal=203.8kHz Freslll =108z
CH1= 2.88 [ H. il Time 2.000us 050 .0000s

CHI1: Clock for 32 bits frame (TP clock?2)
CH2: 32 bit Frame (TP 27)

Sine/500 Hz

8 KHz

3 ETE el Bl e R
ﬁ w

Fred2l =260 . 4kHz Frealll=238.8kH=
[migEm =.560  [CHzZe z.660  [Time 5.8@0us 6+53.65us |

CHI1: Multiplexer Clock (TP25)
CH2: Clock for 32 bits frame (TP clock?2)

Sine/500 Hz

8 KHz

R- STOF E! [ v | I F i -4.24U l
ﬂ w

L‘t'i-wa——|'J-wl-4-\l-—w—i-'--a--l—l-—v
B

HRIRHRENERWEHERERWHTE AR RHEN

Fredzl =268 .4kHz Freal) =258 .8kHz
[mgpem z.@a0  [CHZo 2.880  [Time 18.86us we59.05us |

CHI: Clock for 33 bits frame (TP clockl)
CH2: Clock for 32 bits frame (TP clock?2)
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Experiment 12
Objective:
Observe the Demultiplexed Output.
Setup:
e  TechBook Scientech 2804
e  Power Supply
e  Oscilloscope/DSO
e  Test probe

Connection Diagram:

Transmitter Receiver

Channel 1

g T T I

Ghanniel 2

1 .E

Channel 3

N Scientech 280 4-Channel TDM-PCM Transmitter & Receiver

Procedure:
Step 1: Connect and switch on the power supply of Scientech 2804.

Step 2: Select 4 channel TDM-PCM using push button and LEDs of Channel 1,
Channel 2, Channel 3 and Channel 4 will glow.

Step 3: Select input signal type of channell, channel2, channel3 and channel4 using
respective push button i.e. Sine, Square and Arbitrary, given at respective Signal
Generators. And respective LED will glow according to the selection of channel.
Observe the input signal on test points (TP1, TP2, TP3 and TP4).

Step 4: Select input signal frequency of channell, channel2, channel3 and channel4
using respective push button i.e. 500 Hz, 1 KHz, 1.5 KHz, 2 KHz and 3 KHz, given at
respective Signal Generators. And respective LED will glow according to the
selection. Observe the change in frequency on test points (TP1, TP2, TP3 and TP4).

Step 5: Select sampling frequency using push button i.e. 8 KHz, 16 KHz and 32
KHz. And respective LED will glow according to the selection.
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Observation:

Sine/500 Hz | Channell | 8 KHz

Observe the input signal at TP1, TP2, TP3 and TP4 by varying input signal type
and frequency on the oscilloscope screen.

Observe the same input signal at TP5, TP10, TP15 and TP20.

Observe the sampled clock at TP6, TP11, TP16 and TP21 & sampled signal at
TP7, TP12, TP17 and TP22 by varying sampling frequency using push button.

Observe the line Speed clock at TP§, TP13, TP18 and TP23 & PCM output at
TP9, TP14, TP19 and TP24.

Observe the multiplexed output with added framing pulse at TP26 and its clock
at Clockl.

Observe the 16 bit frame output after detecting framing pulse at TP27 and its
clock at Clock?2.

Observe the PCM output at individual channel after demultiplexing at TP29,
TP32, TP35 and TP38.

STOF | ooz | B8 8880l
T T T T b S A

[l!il_E 2.8aU IEH22 2,880 ITimE TH.BEus DE9T4 . Bus
CHI1: PCM Output (TP9),
CH2:PCM Output after Demultiplexer (TP29)
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Sine/500 Hz | Channel2 8 KHz ? — @I?vwvwwv@w ’Iif 2000 '

CHI1: Input Signal (TP14),

CH2:PCM Output after Demultiplexer (TP32)

Sine/500 Hz | Channel3 8 KHz ? — lﬁi_hlﬂvwvw@w ’Iif 2000 '

[CAT=] .z.ava.u .EHZ; 2.;auau : Ti.me 5.|a.|a|a.us ﬁ.->1.3|.56m5 ]
CHI1: Input Signal (TP19),
CH2:PCM Output after Demultiplexer (TP35)
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Experiment 13

Objective:

Observe the Demodulated output of 4-Channel TDM-PCM.
Setup:

e  TechBook Scientech 2804

e  Power Supply

e  Oscilloscope/DSO

e  Test probe

Connection Diagram:

Transmitter Receiver

Procedure:
Step 1: Connect and switch on the power supply of Scientech 2804.

Step 2: Select 4 channel TDM-PCM using push button and LEDs of Channel 1,
Channel 2, Channel 3 and Channel 4 will glow.

Step 3: Select input signal type of channell, channel2, channel3 and channel4 using
respective push button i.e. Sine, Square and Arbitrary, given at respective Signal
Generators. And respective LED will glow according to the selection of channel.
Observe the input signal on test points (TP1, TP2, TP3 and TP4).

Step 4: Select input signal frequency of channell, channel2, channel3 and channel4
using respective push button i.e. 500 Hz, 1 KHz, 1.5 KHz, 2 KHz and 3 KHz, given at
respective Signal Generators. And respective LED will glow according to the
selection. Observe the change in frequency on test points (TP1, TP2, TP3 and TP4).

Step 5: Select sampling frequency using push button i.e. 8 KHz, 16 KHz and 32
KHz. And respective LED will glow according to the selection.
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Observation:

Sine/500 Hz Channell & KHz

Observe the input signal at TP1, TP2, TP3 and TP4 by varying input signal type
and frequency on the oscilloscope screen.

Observe the same input signal at TP5, TP10, TP15 and TP20.

Observe the sampled clock at TP6, TP11, TP16 and TP21 & sampled signal at
TP7, TP12, TP17 and TP22 by varying sampling frequency using push button.

Observe the line Speed clock at TP8, TP13, TP18 and TP23 & PCM output at
TP9, TP14, TP19 and TP24.

Observe the multiplexed output with added framing pulse at TP26 and its clock
at Clockl.

Observe the 16 bit frame output after detecting framing pulse at TP27 and its
clock at Clock?2.

Observe the PCM output at individual channel after demultiplexing at TP29,
TP32, TP35 and TP38.

Observe the Demodulated output at TP30, TP33, TP36 and TP39.

F ted(2] Sttt Freall) =25 .8 kH=

[cHi= 2.@ay  Jemdm 1,660 [Time 266.6us De-c62.6us]

CHI1: Input Signal (TP29),
CH2: PCM Output (TP30)
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Sine/500 Hz

Channell

8 KHz

3 (G Tl 0
. —'— . . .E . . . . .

——

T [N TR |
CHI1: Input Signal (TP5),

CH2: Demodulated Output (TP30)

Arbitrary/500
Hz

Channel2

8 KHz

TEEM cTor Yoo | B 28800
. B —'-— B B ?‘v B B . B B

[EH 1= .1.aa-u Im 1.;aau : ITi-mE- 1-.EIEIIZI;T|5 ﬁ->—32!-7_1.laus]
CHI1: Input Signal (TP10),
CH2: Demodulated Output (TP33)
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Square/500 Channel3 | 8 KHz T e [T B 28000
[CH 1= :1.aa;u ][g.m 1.;aau . ITi:me 1;.EIEIB:'nS ﬁ:e—szn:a.aus]
CHI1: Input Signal (TP15),
CH2: Demodulated Output (TP36)
Arbitrary/500 | Channel4 | 8 KHz Tl T @'W'_m;?‘m”’ [r8 zoy
HZ . . . . . E . . . .

[cH 12 .1.aa.u II!.E 1.;aau - ITilme 1..EIE‘IEI;115 E.->—32l.Zl.E‘lus]
CHI1: Input Signal (TP20),
CH2: PCM Output (TP39)
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Experiment 14

Objective:

Observe the Low Pass Filter output of Demodulated signal of 2-Channel TDM-PCM.
Setup:

e  TechBook Scientech 2804

e  Power Supply

e  Oscilloscope/DSO

e  Test probe

Connection Diagram:

Transmitter Receiver

b

or 1 Signal Genarator 2 Signal Generator 3 Signal Generator 4 Froquency  Channel Mode
% Salection Selection

4-Channel TDM-PCM Transmitter & Receiver

Procedure:
Step 1: Connect and switch on the power supply of Scientech 2804.

Step 2: Select 4 channel TDM-PCM using push button and LEDs of Channel 1,
Channel 2, Channel 3 and Channel 4 will glow.

Step 3: Select input signal type of channell, channel2, channel3 and channel4 using
respective push button i.e. Sine, Square and Arbitrary, given at respective Signal
Generators. And respective LED will glow according to the selection of channel.
Observe the input signal on test points (TP1, TP2, TP3 and TP4).

Step 4: Select input signal frequency of channell, channel2, channel3 and channel4
using respective push button i.e. 500 Hz, 1 KHz, 1.5 KHz, 2 KHz and 3 KHz, given at
respective Signal Generators. And respective LED will glow according to the
selection. Observe the change in frequency on test points (TP1, TP2, TP3 and TP4).

Step 5: Select sampling frequency using push button i.e. 8 KHz, 16 KHz and 32
KHz. And respective LED will glow according to the selection.
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Observation:

Observe the input signal at TP1, TP2, TP3 and TP4 by varying input signal type
and frequency on the oscilloscope screen.

e  Observe the same input signal at TP5, TP10, TP15 and TP20.
e  Observe the sampled clock at TP6, TP11, TP16 and TP21 & sampled signal at
TP7, TP12, TP17 and TP22 by varying sampling frequency using push button.
e  Observe the line Speed clock at TP8, TP13, TP18 and TP23 & PCM output at
TP9, TP14, TP19 and TP24.
e  Observe the multiplexed output with added framing pulse at TP26 and its clock
at Clockl.
e  Observe the 16 bit frame output after detecting framing pulse at TP27 and its
clock at Clock?2.
e  Observe the PCM output at individual channel after demultiplexing at TP29,
TP32, TP35 and TP38.
° Observe the Demodulated output at TP30, TP33, TP36 and TP39.
° Observe the Low Pass Filter output of demodulated signal at TP31, TP34, TP37
and TP40.
I/P Signal Channel Sampling Sampled Output
Type/ Freq. Freq.
Sine/500 Hz | Channell 8 KHz (G [ pE———c— T

————

AT -1.aa-u I.I:H2; 1.éau - ITi-me 1-.BBB-ms ﬁ;—szé.aus]
CHI1: Demodulated Output (TP30),
CH2: Low Pass Filter Output (TP31)
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Sine/1.5 KHz

Channell

8 KHz

3 EE el
T H T H H v H H H

[miEpEm 1.66U  [CHE= 1.G8U  [Time S8@.6us we-326.0us]

CHI1: Demodulated Output (TP30),
CH2: Low Pass Filter Output (TP31)

Sine/1.5 KHz

Channel2

8 KHz

TN =0} oo | F B 128U
T H T H H v H H H

AT -1.aa-u I.I:H2; 1.éau - ITi-me S-BB.B;.AS ﬁ;—szé.aus]
CH1: Demodulated Output (TP33),
CH2: Low Pass Filter Output (TP34)

Sine/1.5 Hz

Channel2

16 KHz

TN =0} oo | F B 128U

H H H ke H H

AT -1.aa-u I.I:H2; 1.éau - ITi-me S-BB.B;.AS ﬁ;—szé.aus]
CH1: Demodulated Output (TP33),
CH2: Low Pass Filter Output (TP34)
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Square/500 Channel3 8 KHz R (G [ pE———— T
Hz P O SO N RO
AT -1.aa-u I.I:H2; 1.éau - ITi-me S-BB.B;.AS ﬁ;—szé.aus]
CH1: Demodulated Output (TP36),
CH2: Low Pass Filter Output (TP37)
Sine/1.5 KHz | Channel3 8 KHz R ___WSTGN [ ipssssee=—ywewwery g BRETUN
. . . . . - “ . . .
[ ezmE= .1.aa-u I-CHZ; 1.;aau : ITi-mE- 2-IZIEI.IZIIus ﬁ->—32!-7_1.laus]
CHI1: Demodulated Output (TP36),
CH2: Low Pass Filter Output (TP37)
Arbitrary/50 | Channel4 8 KHz R l@lww%ww [F8B_ 2o |
0 Hz

[CAI=] :1.aa:u I;CHz; 1.;aau . ITi:me 5:aa.a:us ﬁ:-b—SQI;B.EIus]
CHI1: Demodulated Output (TP39),
CH2: Low Pass Filter Output (TP40)
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Square / Channell 8 KHz RIGOCT STOP | p-iomm il 5 B -d00my
500 Hz S
CHi= 2,080  BEME 2.000  Time 500.0us §4560.0us
CHI: Input Signal (TPS),
CH2: Low Pass Filter Output (TP31)
Square / Channell 8 KHz RIGOCT STOP | p-iomm il 5 B -d00my
CHi= 2,080  BEME 2.000  Time 500.0us §4560.0us
CHI: Input Signal (TPS),
CH2: Low Pass Filter Output (TP31)
Square / Channell 8 KHz RIGOCT STOP | p-v~iowwm i [ 5 B -d00mY
1.5 KHz S
B
B
IR 1.08V  CHze 1.080  Time 208.0us @°554.0us
CHI: Input Signal (TPS),
CH2: Low Pass Filter Output (TP31)
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Square / Channell 8 KHz RIGOL T'C &k F B -4m8my
2 KHz
N\ / R W ,f
i 1‘|‘ 1"1.L % Iir "!\ i
; % |Ir LY fF \' {
Ew o b Sl \*1\-"
MEFEZ 1.08U  CHZ= 166U Time 200.0us @°560.0us
CHI: Input Signal (TPS),
CH2: Low Pass Filter Output (TP31)
Square / Channell 8 KHz
3 KHz

3 EGE CEeeel E E:-
H H T H R AR H T H H

[cHi= t.ewU_ maeEm 1.o00  |Time 200.8us wel.3660s |
CHI: Input Signal (TPS),
CH2: Low Pass Filter Output (TP31)

Note :- Above results are shown filter effects of square wave w.r.t frequency . Type
of low-pass filter at the receiver end is 2™ order butterworth active filter with 3-db,
cut-off frequency 5 KHz. If you observe the signal at the output of the DAC i.e. input
of the filter, you will see the proper square wave. As we have used low-pass filter
with cut-off frequency 5 KHz so you are getting curved shape square wave due to the
RC effect of the filter at maximum input frequency option i.e. 3 KHz.
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Case Study
2-Channel TDM-PCM
PAM Parallel 8-bit serial
Analog ﬁ PCM code PCM code
fb o (64 kbps)
Input
Signal
0 to 4 KHz
Channel 1 ¥
Sample pulse Conversion  Line speed clock TDM
8 KHz clock 128 KHz Multiplexer
PAM Parallel
Analug ll"] PCM code
Input ——
Signal 8-bit serial
(();:10 4 Kr; PCM code
anne (64 kbps)
Specifications:

Input Signal type of Channell: Sine
Input Frequency of Channell: 500 Hz
Input Signal type of Channel2: Arbitrary
Input Frequency of Channel2: 1.5 KHz
Sampling Frequency: 8 KHz

Observations:
Channel 1: TP1 & Channel 2: TP5
B G el Bl
[]
|14
B
Frealll=423. 1Hz
MEEER 1.@G6L) CHZ= 1.6&L) ITime 506 ..Aus Ie- 1 .EEALS

128 kbps H_I-UL

PCM-TDM

UL
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Channel 1: TP2 & Channel 2: TP10

REEAM STOF JeE oo | F B 4300

Fred21=1.493kHz Frealll=1.47 1kHz
[mapEm z.860  [CHEZe 2,860 [Time S508.6us o+—16.21lus]

Channel 1: TP6 & Channel 2: TP7
R ST0F Jie oo | F B 4,800
v

Lr e

[mapEm z.860  [CHE~ 2,860 [Time S508.6us o+42.60us ]

Channel 1: TP5 & Channel 2: TP7

3 G el -

AVAVAS
AN

[mapEm z.860  [CHE~ 2,860 [Time S508.6us o+46.60us ]
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Channel 1: TP11 & Channel 2: TP12

@ (R s el El . e
w
[T}

Fred2l=119.8kHz Frealll=131.6kHz
[migEm =.560  [CHzZe z.66U0  [Time 26.80us 6253.65us |

Channel 1: TP10 & Channel 2: TP12

RIGOL STOR S | i £ B 184y
" i #
e M ) £
A 1 i 1 b4 % | )
.I. J i )
U'I : | / 1 ‘I
\ |
s W W g W W
" e A ks ¥ .
" - - x
b L W e % IUE fed b
i + ' - -
- ® - L . b o
o mETETEE - - - ~
Frea2l=433.2Hz Frealll=493 .08z
MEEEW 1.38U CHZ= 1,000 Time 1.000ms 690.0000s

Channel 1: TP8 & Channel 2: TP9
3 ZTOF g rro] | F BN —4.3080

MUy

[wifEEE Z.EEL0 JoHz~ 2.080 | Time S0.00us wedd.00us |
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Channel 1: TP5 & Channel 2: TP9

TR cTor I meeerod | F 1,360

LN SN ARNG
T MLTRALTIC UL T

Frealll =485 .4Hz
CHi= Z.@al [CHE s ]= ) ITime SHE . Bus -1, EEus

Channel 2: TP12 & Channel 1: TP14

(G e v g RN
v

L")
I\.L‘ ,""r"
(| . 1 ™ k| ™ ;"I J
s T o I O b T~ . TREA
oo W SO P A bk ]
o L S
.h. 0N ™ (S e

Badan g gn 4 wAw
1 I | | 11§ |  BIRIE |

I HIRl M ’ 5 | U1l L ! I

| - | : LI E :
[ | B iR 00 R L LN Ll S

Freudl stsess Frealll =25 .28kMz

[cHi= 2.0 ||- 1.0 [nu M.Mlﬂ*-bﬂs.&-r.l

Channel 1: TP25 & Channel 2: TP clockl

3 G e el L N
E w
B
|]"'| ....... |
B
| '[H'”'l ..... LU L

Freqz=132.9%kHz Frealll=125.8kH=z

[mspEm z.m80  JoHzo z.@80  [Time 28.88us w+52.48us ]
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Channel 1: TP clockl & Channel 2: TP 26
3 G e el I U
E w

Fred2=119.8kHz Fresill=131.6kHz
[mspEm z.m80  JoHzo z.@80  [Time 28.88us ©+57.02us ]

Channel 1: TP25 & Channel 2: TP clock2

TEEN cTor It | F B —4.240
ﬁ -

SIS SRS
e

Fred2=125.8kHz Freaill= 125.8kHz
[WEREE =.000  JCHzw =06l |Tine 5.000us we53.65us |

Channel 1: TP clockl & Channel 2: TP clock2
R 5T0F [ oo |F B —4.240
ﬁ w

qu-p,——|.J--.T~4-h-w—1-J--.,-.|—|.,-v
B
+J\,r___,,rTLH_,_L~,+~rH

Fred2=125.8kHz Freaill= 137.8kHz
[WEBER =600 JCHzw =06l |Tine 18.80us w:53.65us |
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Channel 1: TP clock2 & Channel 2: TP 27

R STOF b | £ B —4.240
w
v

N AR

Fres2l=4.464kHz Fresill = 188 . GkHz
[mspEm z.m80  JoHzo z.@80  [Time 58.88us 0+57.02us ]

Channel 1: TP 9 & Channel 2: TP 29

H H by H H

RIGOL STOF (N foioommmrrroecees]  F @ 3,040

CHi= 2.80U w o000 Time 58.80us o- 125 .0us
Channel 1: TP 14 & Channel 2: TP 32
TR cior Jese[ oo | F B 1,240

H H ¥ H H -

[cHi= 2.oey0  |maeEm z.oo) | Time 108.0us @:-248.6us]
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Channel 1: TP 29 & Channel 2: TP 30
3 G el I U
M v

F raal2) =kt Freaill =25 .88 kH=
[cHi= Z.08y ok 1060 [Time 268.6us Ge-c62.0us]

Channel 1: TP 7 & Channel 2: TP 30

R STOF b g | £ B —4.240
w
7]

»
~, | J,J\LL‘ el
u o - i
—L'L,rr 1 Hgf
Frea21=497 .5Hz Freaqlll=498.2H=z
[CHI= 2.me0  |Madm 1.660 | Time SBE.Bus -500.6us]

Channel 1: TP 32 & Channel 2: TP 33
(3 G5 [ FESSR CRURee .'.,E.'? ~4.240 |
LTI T AL

N

[oHi= z.eeu Jemam 1.600  [Tine 260.0us ﬁ-ue-as.éu::]

Fres2l=s4stt  Frealll=25.00kHz
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Channel 1: TP 12 & Channel 2: TP 33
3 G el I U
T W

Fred2 =487 .8Hz  Fredlll =457 .5Hz
[cHi= Z.08y  [osem 1060 [Time 568.6us we-c20.6us]

Channel 1: TP 30 & Channel 2: TP 31

3 - (G I el I 2.6

Fred2l=497.5Hz Freqill=498.2Hz

[EHi= Seamu  |MiEE Secnl  [Time 588.6us wo40.06us ]

Channel 1: TP 5 & Channel 2: TP 31
T == e | F B dB0e

> :
- nA n
A al A FU A hl & ﬂ' ;ﬁ". ::Ihl'_ ﬂl

EVVVVVVEVYV VY

Fred2l=437.5Hz . Freaill=4%8.2H=
[mzpem z.eev JcHze z.eeu [Tine 500.8us Be-10.71us]
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Channel 1: TP 33 & Channel 2: TP 34

3 G el z.680

=z Freslll=4285.4Hz

[cHi= 1.8y  [mseEm 1060 [Time 1.866ms we6.0060s ]

Channel 1: TP 10 & Channel 2: TP 34

RIGOL STOF (R froooccfemdsecceeed | F 2850

Fred2l=c57.9Hz Frealll=490.2H=z
CHi= 1.@@U [MIFEE  1.GEEL Time 1.8680ms o 120 .8us
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Glossary

Bandwidth: The carrying capacity or size of a communication channel; usually
expressed in hertz (Cycles Per Second) for analog circuits or in bits per second (BPS)
for digital circuits.

Baud: A unit of signaling speed equivalent to the number of signaling elements per
second. Modems that transmit faster than 1800 BPS send multiple bits per baud. For
example, 9600 BPS modems transmit 4 bits per baud.

Bipolar Return to Zero (BRZ): A bipolar signal in which each pulse returns to zero
amplitude before its time period ends. This prevents the buildup of DC current on the
signal line.

Bipolar Violation (BPV): Occurrence of two successive pulses of the same polarity
in a bipolar signal.

Bit: Originally a contraction of "Binary digit." A bit is the basic unit in data
communications and the smallest element of information in the digital system. An
individual bit is either a 1 or a 0.

Bit Error Ratio (BER): The ratio of bits with errors to the total number of bits
detected, usually expressed as a number with an exponent to a power of ten. Used to
measure the quality of a signal path.

Byte: Set of eight bits that is used to represent information such as a number, letter, or
character.

Circuit Switching: A switching method whereby a dedicated path is established
between transmitter and receiver.

Communication: Communication (from Latin "Communis", meaning to share) is the
activity of conveying information through the exchange of thoughts, messages, or
information, as by speech, visuals, signals, writing, or behavior.

Communication Ports: Paths into or out of a Computer that provide the means to
link the computer with external devices, such as terminals and printers.

Demodulation: Conversion of a modulated signal to an unmodulated “baseband”
signal.

Digital signal: Representation of physical signals using numbers, usually called
“samples," to represent amplitude or intensity.

Full Duplex: Full-duplex communication means that data can be simultaneously
transmitted and received across a communication channel.

Half Duplex: Half-duplex communication means that data can be alternately
transmitted and received across a communication channel.

Hertz: Frequency measurement unit. 1 Hertz = 1 cycle per second.

Inverse Multiplexing: Taking a single high-bandwidth stream and dividing it into
multiple channels for transmission over a wide area in separate 56 or 64 Kbps
switched digital circuits.
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Mbps: Megabits Per Second. One megabit is 1,048,576 bits.

Modem: Combination of Modulator/Demodulator. A device that converts digital data
to/from analog signals for transmission over analog lines.

Modulation: Process of varying one or more properties of a high frequency periodic
waveform, called the carrier signal, with respect to a modulating signal.

Multiplexer: Commonly referred to as a "MUX.” It is a device used to combine
multiple parallel information streams into a single channel.

Multiplexing: Simultaneous transmission of several messages along a single channel
of communication.

Pulse Code Modulation: Pulse Modulation Technique in which the amplitude of an
analog signal is converted to a binary value and is represented as a series of pulses.

Pulse Modulation: Method of varying the amplitude, frequency or phase of
information-bearing signals into a series of pulses.

Frequency Modulation: A method of transmitting information on radio waves by
encoding the information as a change in frequency or number of cycles per second.

Sampling: Foremost process in analog to digital conversion. In it, a continuous time
signal is converted into discrete time signal by measuring the signal at periodic
instants of time.

Signal: An electrical quantity (voltage or current or field strength) whose modulation
represents coded information about the source from which it comes.

Synchronous transmission: Data transmission that is synchronized by timing signals
and usually transmitted in blocks rather than individual characters. This type of
transmission is more efficient than asynchronous transmission.

TDM: TDM is a communication process that transmits two or more streaming digital
signals over a common channel. In TDM, incoming signals are divided into equal
time slots.
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Frequently Asked Questions
Q1. What is Communication?
Ans. Communication means transferring of message from one place to another place.
Q2. What are the different types of communication? Explain.

Ans. Two types of communication are there:
) Analog Communication
) Digital Communication.

As a technology, analog is the process of taking an audio or video signal (the human
voice) and translating it into electronic pulses. Digital on the other hand is breaking
the signal into a binary format where the audio or video data is represented by a series
of "lI"s and "0"s. Both the types of communication occur according to the
corresponding signal used.

Q3. What is Sampling?

Ans. The process of obtaining a set of samples from a continuous function of time x(t)
is referred to as Sampling.

Q4. State Sampling theorem.

Ans. It states that, while taking the samples of a continuous signal, sampling rate
should be equal to or greater than twice the cut off frequency so that the original
signal can be recovered properly and the minimum sampling rate is known as the
Nyquist rate.

QS. What is Cut-off frequency?

Ans. The frequency at which the response is -3dB with respect to the maximum
response is referred to as Cut-off Frequency.

Q6. What is Passband?

Ans. Passband is the range of frequencies or wavelengths that can pass through a
filter without being attenuated.

Q7. What is Stopband?

Ans. Stopband is a band of frequencies, between specified limits, in which a circuit,
such as a filter or telephone circuit, does not let signals pass through, or the
attenuation is above the required Stopband attenuation level.

Q8. What is Demodulation?

Ans. Demodulation is the act of removing the modulation from an analog signal to get
the original baseband signal back. Demodulation is necessary because the receiver
system receives a modulated signal with specific characteristics and it is required to
turn it to baseband.
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Q9. Name the modulation techniques.
Ans. Analog modulation techniques - AM, SSB, FM, PM and SM

Digital modulation techniques - OOK, FSK, ASK, PSK, QAM, MSK, CPM, PPM,
TCM, OFDM.

Q10. What is Multiplexing?

Ans. Multiplexing (known as Muxing) is a term used to refer to aprocess where
multiple analog message signals or digital data streams are combined into one signal
over a shared medium. The aim is to share an expensive resource. For example, in
telecommunications, several phone calls may be transferred using one wire.

Q11. Explain Full Duplex and Half Duplex.

Ans. Full duplex refers to the transmission of data in two directions simultaneously.
For example, telephone is a full-duplex device because both parties can talk at once.
In contrast, a Walkie-Talkie is a half-duplex device because only one party can
transmit at a time. Most modems have a switch that allows choosing between full-
duplex and half-duplex modes.

Q12. Define encoder and decoder.

Ans. Encoder is a digital electronics device that converts the information in complex
code (binary numbers) of predefined format, which is further converted in the original
form by the device called decoder.

Q13. What is the Nyquist sampling rate?

A. Nyquist sampling rate states that, the minimum sampling rate is equal to twice the
highest audio input frequency

Q14. What is the principle of pulse modulation?

A. Pulse modulation consists essentially of sampling analog information signal and
then converting those discrete pulses and transporting the pulses from a source to a
destination over a physical transmission medium.

Q15. What is idle channel noise

A. When there is no analog input signal, the only input to PAM sampler is random,
thermal noise. This noise is called idle channel noise.

Q16. Define quantization error?

A. Quantization is the value of which equals the difference between the output and
input values of quantizer.
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Warranty

1. We guarantee this product against all manufacturing defects for 12 months from
the date of sale by us or through our dealers.

2. The guarantee will become void, if

a. The product is not operated as per the instruction given in the Learning
Material.

b. The agreed payment terms and other conditions of sale are not followed.
c. The customer resells the instrument to another party.
d. Any attempt is made to service and modify the instrument.

3. The non-working of the product is to be communicated to us immediately giving
full details of the complaints and defects noticed specifically mentioning the
type, serial number of the product and date of purchase etc.

4.  The repair work will be carried out, provided the product is dispatched securely
packed and insured. The transportation charges shall be borne by the customer.

Hope you enjoy the Scientech Experience.

List of Accessories

1. Patch Cord 16" (Black) ........cccouiiiiiiiiiiiieiiiiee e 2 Nos.
2. MainS COTd.....eiiiiiieiiiie et 1 No.
3. TechBook POWEr SUPPLY.....cvviieiiiiiiieeiiiiie e 1 No.
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