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Editorial

- Prof. K.Y. Rajput
E-mail: rajputky9@rediffmail.com

On behalf of editorial board, keeping in spirit of the 
earlier volumes, it gives me an immense pleasure 
to present this volume of the Journal of Electronics 
under Exponent Group of Journals. Through this 
journal, our aim is to enhance new knowledge and 
technology amongst the youth, common man, 
academic and research community, professionals 
and industry practitioner. We are also focusing to 
introduce  in each  volume of this journal as a basic 
platform for various subjects in the electronics areas 
in order to realize new theories and developments 
for common man communities; thus bridging the 
gap between common man and technology, later 
research theories and industrial developments are 
also incorporated. Electronics Journal provides a 
platform for common man, researchers, industrialist 
and students to submit on-going research activities 
and developments in these areas. 
 
In continuation with the theme of journal, we are 
publishing the papers which are not necessarily 
based on original research, but the subject of the 
papers are selected to match up with the objective 
of the journal, i.e. to enhance social awareness of 
latest technology in the field of Electronics and Tele-
communication.
 
In this Volume of Electronics Journal we are 
presenting four papers.
 
First paper in this volume titled “Mobile Digital 
Storage Oscilloscope” explains advantages of mobile 
DSO over CRT based CROs along with the  block 
diagram, circuit and system details. It also discusses 
use of smart mobile phone application which 
converts it into a Mobile DSO. 
 

Our second paper titled “Operational Amplifiers 
Part - III Active Filters Part - I” and  is continuation 
of series on OP-AMPs and use and application of 
OP-AMPs as active filters. It also deals with the 
advantages of active filters over passive filters mainly 
the amplification along with the sharper frequency 
response. Some of the different types of active filters 
is also included in this paper.  
 
Third paper titled   Operational Amplifiers Part - IV 
Active Filters Part - II. This paper is in continuation 
of earlier paper and again deals with different types 
of Active filters, classifying them as Butterworth filter 
first, second order with different types of frequency 
responses namely band pass ( wide band pass narrow 
band pass filters). 
 
Our final paper of this volume is titled Looking Over 
the Horizon with the "Artificial Ionospheric Mirror"  
This paper deals with new idea to overcome the 
limitation of distance of communication in existing 
Radar systems. As we know that Due to the Earth’s 
curvature, there are limitations to the distances we 
can observe standing on the ground. Similarly, the 
Radar systems for defense also face this limitation.  
So if we had a mirror high up in the sky that was tilted 
such that when we look up we might be able to see 
what is across the horizon? This idea is made possible 
with a complex system of phased array antennas that 
radiated high power RF (Radio frequency) high up in 
the sky and painted the ionosphere with lot of ions.  
 
We hope all the papers/articles presented in this 
volume will be useful to the readers in the field of 
Electronics and also to a common person.
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Mobile Digital Storage Oscilloscope
- Vijay Rathod and Vaishnavee Rathod

E-mail: vicky7574@gmail.com, 
vaishnaveerathod@gmail.com

Abstract:  
 
Analyzing waveforms and comparing them from the 
basic part of any electronics or electrical engineer’s 
day-to-day work. Be it to measure amplitude, 
phase  or frequency of signals. Normal CROs &  
DSOs are available in  the market easily for various 
applications but because of bulkiness and high 
power consumption & cost we proposed new device 
which has extremely better features and portable. 
Proposed unit of DSO is versatile.
 
1. Introduction:

An Oscilloscope is an essential tool in the engineer’s 
tool-box. However, even with the advent of new 
Digital Storage Oscilloscopes, they still remain  bulky 
and expensive. We propose a portable, light weight 
and very inexpensive DSO which will work with any 
of today’s smart phones. The system would consist 
of a digital signal probe which you can attach to any 
point where you wish to observe   the  waveform.  
The   probe   will contain a bluetooth interface that 
will relay data to a smartphone. The app inside the 
smartphone will capture the data and display it 
on the phone screen.  This way you  can carry the 
probe anywhere needed and capture the waveform 
even  at remote places in an industrial setting.
  
1.1 Additional Features:
 
• Storage of waveforms on the phone - They
can be stored, transferred and re-analyzed 
whenever needed. 
• Remote  control of  measurements parameters 

like Volts/div and Time/div- All this can be  done  
through the app in the phone. 

• Can handle multiple probes at single time
• Periodic measurement of waveforms over a long 

time- The app can be set to periodically read and 

store  data  from a  probe  over  a period  of   few   
hours   to  few   days  in completely automated 
form.

  
1.2  Advantages of this system:
  
• Portability- Can be carried around and the
probe can be inserted at any remote location 
• No Need of extra hardware - Any smartphone 

can work as the display and control panel of the 
scope 

• Low Cost - The cost of extra display and control 
hardware is completely excluded in this 

• Easy Storage and Access of data - All 
measurements can be directly stored on the 
phone and can be transferred or accessed 
anytime when needed.

• Multiple Probe Points - Is not limited by only 2 
channels, can work with upto 127 probe points 
simultaneously.

• Useful to students for hobby projects -  Because 
of low cost and small size, it can be used by 
students for their hobby projects at home or 
college.

 
1.3  Technical details:
 
AVR ATmegabased microcontroller system.
Bluetooth based communication system.
10 bit ADC based DSO probe.
Android 4.1 or higher platform based app around it.
 
2. Proposed System of Mobile DSO
 
2.1 Description of Power supply
 
The MC78XX/LM78XX/MC78XXA series
of three terminal positive regulators are available in 
the TO-220/D-PAK package and with several fixed 
output voltages, making them useful in a wide range 



5The Exponent Group of Journals For Electronics, Volume 4, Number 3, June 2016 - Aug 2016

Exponent Group of Journals - Empowering the common man In Association with Shree Aniruddha Upasana Foundation

of applications. Each type employs internal current 
limiting, thermal shutdown and safe operating area 
protection, making it essentially in destructible. If 
adequate heat sinking is provided,  they  can  deliver       
over  1A output current. Although designed 
primarily as  fixed  voltage regulators, these   devices 
can be used with external components to obtain 
adjustable voltages and currents.  

 

 Fig1.Power Supply

Fig2.Power Supply IC
 

2.2 Blockdiagram of Proposed Mobile DSO 

 Fig2.Proposed SystemBlock diagram.

2.2.1  Atmel Atmega32 Highlights
 
An 8-bit microcontroller featuring:
• 3 separate     on-chip     memories (Harvard 

architecture)
• 2KB  SRAM  (for  data  – volatile; data lost on  

power off)
• 1KBEEPROM(for persistent data storage–holds 

data after power off)
• 32KB  Flash  (organized  as 16K  of  16-bit  words  

for persistent program code)
• Native data size is 1 byte (SRAM and EEPROM)
• 16-bit data addressing
• Up to 64 KB (216  bytes) of data memory can be 

accessed 
• 8-pin I/O ports named A,B,C,and D, program 

configurable as:
 -    Digital input (for reading discrete external signals 
on each pin (0v or 5v )as data values 0 or1)
-     Digital output (for writing binary data values as 
discrete output signals (0v or5v)
 -    Analog input (for reading continuous external 
signals (0v-5v) as data values)
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-     Serial/Parallel (for reading or writing streams of 
bytes)
-     Pulse accumulator (for counting # changes of 
external signals). 

2.2.2  ArchitectureofATMEL
 
• Central  Processing Unit - Arithmetic Logic 

Unit(ALU) performs the actual arithmetic, 
logical, and bit-functions

• Memory– SRAM, EEPROM, Flash
• Clock circuit–internal/external
• I/O  –  Input/Output;  video,  serial, parallel, USB, 

SCSI, etc.
 
The ATmega32 is a low-power CMOS 8-bit 
microcontroller based on the AVR enhanced RISC 
architecture. By executing powerful instructions 
in a single clock cycle, the ATmega32 achieves  
throughputs approaching 1MIPS per MHz allowing 
the system designer to optimize power consumption 
versus processing speed.

Features:
 
• High-performance,  Low-powerAVR®8- bit 

Microcontroller.
• Advanced RISC Architecture
• 131Powerful Instructions – Most Single- clock   

Cycle   Execution 32  x  8  General Purpose 
Working Registers Fully Static Operation 
Upto16MIPS Throughput at 16 MHz On-chip

• 2-cycle Multiplier.
• Nonvolatile Program and Data Memories 

32KBytes of In-System Self-Programmable Flash 
Endurance: 10,000Write/Erase Cycles Optional    
Boot    Code    Section    with Independent Lock  
Bits

• In-System Programmingby On-chip Boot 
Program True Read-While-Write Operation

• 1024 Bytes EEPROM Endurance: 100,000 Write/
Erase Cycles 2KByte Internal SRAM Programming 
Lock for Software Security

• JTAG (IEEE std.1149.1Compliant) Interface 
Boundary-scan Capabilities According to the 
JTAG Standard Extensive On-chip Debug Support 
Programming of Flash, EEPROM, Fuses, and Lock 
Bits through the JTAG Interface. 

 
Peripheral  Features 

• Two 8-bit Timer/Counters with Separate 

Prescalers and Compare Modes One 16-
bit Timer/Counter with Separate Prescaler, 
Compare Mode, and Capture Mode

• Real Time Counter with Separate Oscillator
• Four PWM Channels 8-channel, 10-bit ADC 8   

Single-ended   Channels 7   Differential Channels  
in  TQFP  Package 

• Only 2 Differential   Channels  with   
Programmable Gainat1x, 10x, or 200x 
Byte-oriented Two- wire  Serial  Interface 
Programmable Serial USART Master/Slave SPI 
Serial Interface Programmable    Watchdog    
Timer    with Separate On-chip Oscillator On-chip 
Analog Comparator.

 
Special Microcontroller Features: 
 
• Power-on Reset and Programmable Brown- 

out Detection Internal Calibrated RC Oscillator 
External and Internal Interrupt Sources Six Sleep 
Modes: Idle, ADC Noise Reduction,  Power-save,  
Power-down, Standby and Extended Standby.

• I/O and Packages 32 Programmable I/O Lines 40-
pin  PDIP,  44-lead  TQFP,  and  44- pad MLF.

• Power-down Mode: <1µA 
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Fig3.Architecture of ATMEL 

3. Bluetoothto Serial Port Module:

Fig4.Bluetooth
 
HC-05 module is an easy to use Bluetooth SPP(Serial 
Port Protocol) module, designed for transparent 
wireless serial connection setup. Serial port 
Bluetooth module is fully qualified Bluetooth 
V2.0+EDR (Enhanced Data Rate)3Mbps. Modulation 
with complete 2.4GHz radio transceiver and 
baseband. It uses CSR Bluecore.04-External single 
chip Bluetooth system with CMOS technology and 
with AFH(AdaptiveFrequencyHopping Feature).It 
has the footprint as small as 12.7mmx27mm. Hope 
it will simplify your overall design/development 
cycle.
  

Specifications: 
 
Hardware features
 
1. Typical-80dBm sensitivity
2. Up to +4dBm RF transmit power
3. Low Power 1.8V Operation ,1.8 to 3.6VI/O 
4. PIO control
5. UART interface with programmable baud rate
With integrated antenna
With edge connector

Software features
 
1. Default Baud rate: 38400, Data bits: 8, Stop 

bit:1,Parity: No parity, Data control: has. 
Supported baud rate: 9600,19200,38400,57600,
115200,230400,460800.

2. Given a rising pulse in PIO0, device will be 
disconnected.

3. Status instruction port PIO1: low- disconnected, 

high-connected;
4. PIO10 and PIO11 can be connected to red and 

blue led separately. When master and slave 
are paired, red and blue led blinks 1time/2s in 
interval, while disconnected only blue led blinks 
2times/s.

5. Auto-connect to the last deviceon power as 
default.

6. Permit pairing device to connect as default
7. Auto-pairing PINCODE:”0000” as default
8. Auto-reconnect in 30 min when disconnected as 

a result of beyond the range of connection.
 

4. Andriod App:
 
An Andriod Mobile Phone is used instead of a CRO 
consisting Andriod Application. The Andriod App 
will be used to show the waveforms   of   the   input   
provided   at microcontroller. Channel is selected 
from Andriod phone and it has options like Time/Div 
& Volt/Div.
 

 
Fig.5.Mobile Screen used forviewing waveforms
 

5. Conclusion: 

In this paper, output waveforms are achieved
with good level of accuracy using the innovative 
approach of Android Application and Bluetooth. 
Consequently, the enhanced output helps to analyse 
the required information in the waveform.This 
proposed approach is quite effective to analyse 
the required data from the certain application, 
by incorporation of Android process. Hence, this 
proposed gives major contribution for quality 
enhancement output in its analysis.

6. References: 
 
1. https://www.google.co.in/#q=power+ 

supply+7805+schematic+and+ppt.



8 The Exponent Group of Journals For Electronics, Volume 4, Number 3, June 2016 - Aug 2016

Exponent Group of Journals - Empowering the common man In Association with Shree Aniruddha Upasana Foundation

2. www.cdagro.com/CD5846/ep1.html
3. https://www.google.co.in.
4. https://faculty-eb.msoe.edu/.../cs280-03%20Atmega%20Architecture.
5. yimg.com/kq/.../Module+2_AVR+A TMega32+Architecture.pptx
6. www.atmel.com/.../atmel-2586-avr-8- bit-microcontroller-attiny25-attiny...
7. www.bosman.ece.ufl.edu/EEL4930J DF07/AtmelpresentationJDF07.ppt
8. www.atmel.comProducts.
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Operational Amplifiers Part - III 
Active Filters Part - I

- Prof.K.Y.Rajput
E-mail: rajputky9@rediffmail.com

Abstract: In Electronics circuits, Amplifiers play very 
important role of increasing magnitude of a small 
signal typically from microvolts to millivolts and 
millivolts to Volts so that it can be applied to a load . 
Simple example of amplifier is audio amplifier which 
is used in Radio, Tape recorders,CD players  where 
an audio signal either picked up by an antenna or 
stored in magnetic tape or in Compact Disc(CD) is 
a small electrical signal is amplified by means of an 
amplifier in stages and applied to a speaker having 
low resistance. Job of filters is to allow certain 
range of frequency and they are classified as Low 
pass, High pass, Band pass, Band reject etc. Passive 
filters use passive components such as resistance, 
capacitors and inductors and these give limited 
performance. Active filters on the other hand 
use active devices such as BJT, FET with passive 
components give much better performance. OP-
AMPs are best suited to design active filters with 
minimum number of components. Active filters is 
presented in form of two articles, first on with deal 
with types of filters, types of active filters and first 
and second order butterworth  low pass filters.
Keywords: First order and Second order low 
pass, high pass butter worth and band pass filter 
configuration.

1. Introduction:  
 
The circuit which allows certain frequencies and 
reject certain frequencies from the input signal are 
called as FILTERS. 
 
The filter circuit which use passive components such 
as resistors, capacitors, inductors etc. are called as 
Passive Filters. 
 
The filter circuit which use active components such 
as transistors, OPAMPs, FETs along with passive 
components  resistors, capacitors, inductors etc. are 

called as ACTIVE Filters. 
 
The passive filters are simple and low cost but their 
frequency response is not sharp.
 
The ACTIVE filters are complicated and have higher 
cost but their frequency response is  sharp, and 
it becomes sharper with increase order, i.e. the 
frequency response of second order filter will be 
sharper than first order. But the circuit for higher 
order active filter will be more complex.

2. ACTIVE FILTERS:  
 
They can be further classified as:
 
2.1  Analog or digital:
 
Analog filters are used to process analog signal by 
analog circuits while the digital filters are used to 
process analog signal by digital  circuits. Before 
signal is processed by digital filters, it is converted 
into digital by A/D converter.
 
2.2  Passive or active:
 
The filter circuit which use passive components such 
as resistors, capacitors, inductors etc. are called as 
Passive Filters.
 
The filter circuit which use active components such 
as transistors, OPAMPs, FETs along with passive 
components  resistors, capacitors, inductors etc. are 
called as ACTIVE Filters. 
 
2.3  Audio(AF) or Radio Frequency(RF):
 
A filter which is used to process audio signal (signal 
of frequency upto 20 KHz) is called as audio filter. 
The RF filter are used to process radio frequency 
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(above 20KHz).
 
For low frequency signal, in passive filters we have 
to use the inductors of high value which are bulky 
and also costly.

Thus the ACTIVE filters are used due to following 
advantages over passive filters:
 
1. Gain and frequency adjustment flexibility. Active 

filters use OPAMP whose gain and the frequency 
response can be design as per need.

2. No loading problem: As OPAMP has high input 
resistance and low output resistance, there is no 
loading problem to source as well as to load at 
output.

3. Cost: OPAMPS are low cost as compared to high 
value inductors.

Depending on the type of frequency response the 
Filters can be classified as:

1. Low Pass filter
2. High Pass filter
3. Band Pass filter
4. Band Reject filter
5. All Pass filter

The frequency response of above types is shown in 
fig.1. 

Fig 1. Frequency response of various types of filters.

For low pass filter, frequencies between 0 and fh is 
called as pass band, and above fh it is called as stop 
band.
 
For high pass filter, frequencies between 0 and fL is 
called as stop band, and above fh it is called as pass 
band.
 
For Band pass filter, frequencies between 0 and fL is 
called as stop band, and from fL to fh it is called as 
pass band. Above fh it is stop band.
 
For Band reject filter, frequencies between 0 and fL 
is called as pass band, and from fL to fh it is called as 
stop band. Above fh it is pass band.
 
For all pass the gain is constant over a given range 
of frequencies. It is used to obtain phase shift of the 
input signal.

Passive Filters do not have constant gain in the pass 
band .

The Butterworth, Chebyshev and Causers filters 
having the  ideal frequency response, or they 
provide constant gain in pass band.

The rate at which the gain changes from stop band 
to Pass band or vice versa is determined by order of 
Filter.
 
For first order the gain rolls of 20 dB/decade. 
For second order the gain rolls of 40 dB/decade. 

3. FIRST ORDER LOW PASS BUTTERWORTH FILTER:

Fig 2 shows circuit for first order low pass 
butterworth filter.
 
It used OPAMP in Non Inverting configuration with 
RC network for filter action. The gain of AMP is 
decided by R1 and RF.
 
According to the voltage divider rule, the voltage at 
the NI terminal(across capacitor C) is, 

V1  =  [-j Xc/ (R- jXc)] Vin
 
If we take RF= R1 we get the subtractor . 
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Fig.2 First order low pass Butterworth Filter circuit 
and frequency response.

Where j = (-1)-2, -jXc = 1/ 2πfC
Thus 
 
V1 = Vin/(1 + j2πfRC)
 
The output voltage Vo;
 
Vo= (1+ (RF/R1) V1
     = (1+ (RF/R1) )Vin/(1 + j2πfRC)
 
The Voltage Gain of filter 
     = Vo/Vin =  AF/ (1 + j2πfRC)
 
or
     = AF/ (1 + j(f/ fH))
 
where
 
fH = 1/ 2πRC is high cutoff frequency.
AF =(1+ (RF/R1))
 
The gain magnitude and phase angle equations of 
the low pass filter can be obtained by converting 

above gain equation equivalent polar form as 
follows:

| Vo/Vin | = AF/  √1 + (f/fH)2
               Φ = −tan⁻1 (f/fH)
 
where  Φ is the phase angle between input and 
output at frequency f. 
                       
1. For f <fH
 |Vo/Vin|= AF
 
2. For f = fH
|Vo/Vin|= 0.707 AF
 
3. For f >fH
|Vo/Vin| <  AF
 
fH is also called as –3db frequency, break frequency 
or corner frequency, or scaling frequency.
 
4. SECOND ORDER LOW PASS BUTTERWORTH 

FILTER:
 
Fig 3 shows circuit for second order low pass 
butterworth filter.
 
It used OPAMP in Non Inverting configuration with 
two stage RC network formed by two R2, C2 for 
filter action. The gain of AMP is decided by R1 and 
RF.
 
 

 
Fig.3 Second order low pass Butterworth Filter 
circuit .
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Fig 4: Two stage RC network for second order low 
pass filter.
 
The high cutoff frequency  fHof the filter depends 
on R2, C2, R3, C3 and is given by following equation:
 fH  =   1/2πR2 R3 C2 C3)⁻1/2 
derived as follows:
  
Consider a two stage RC network shown in fig 5. The 
reactance of capacitor can be expressed in S domain 
where s = jw.
Applying KCL to node VA(S),
 I1 = I2 + I3
 

According to the voltage divider rule, the voltage at 
the NI terminal(across capacitor C3) is,
  

 

For the frequencies above fH, the gain rolls off at – 
40 dB/ decade. Therefore denominator quadric in 
above equation must have two real and equal roots.
 

 
Fig 5. Frequency response of  Second order low pass 
Butterworth Filter circuit .
 
Filter design:
 
1. Choose value of fH.
2. Take R2= R3 = R, C2=C3 = c for simplicity. Let C<= 

1uF.
3. Find R.  R= 1/ 2 πfHC.
4. for given value of AF, design value of R1 and RF 

in the same way to that of NI amp, using AF =(1+ 
(RF/R1)). For good results, take AF= 1.586. 

5. Conclusion: As presented above the active filters 
play an important role in many applications 
and are mainly used in audio amplifiers to 
allow and amplify the audio frequency signal 
received from microphone or recorded signal. 
First order filter frequency response not sharp 
enough , while the second order filters sharper 
frequency response and  therefore depending 
on requirement of application one has to select 
first order or second order filter.

 
6. References: 
   
1.  Integrated Circuits by K.R. Botkar
2. Operational Amplifiers:Theory and 

Practice,SecondEdition,byJames K. Roberge 
Kent H. Lundberg, Massachusetts Institute of 
Technology.
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Operational Amplifiers Part - IV 
Active Filters Part - II

- Prof.K.Y.Rajput
E-mail: rajputky9@rediffmail.com

Biographical notes: *Prof. K. Y. Rajput is currently 
working as Associate Professor in Electronics and 
Telecommunication Department, ThadomalShahani 
Engineering College  Bandra (W), Mumbai-50. He 
received his M.Sc.  Physics with Electronics from 
Institute of Science under Mumbai University in 
1983 and    M. Tech in Electronics Design Technology 
from CEDT Aurangabad under Dr.Babasaheb 
Ambedkar Marathwada University Aurangabad, 
Maharashtra, India, in 1996. He was elected as 
Member of Senate, University of Mumbai  for Ten 
years and appointed as Special Executive Officer, by 
Government of Maharashtra, India.

Abstract:  
 
In Electronics circuits, Amplifiers play very important 
role of increasing magnitude of a small signal 
typically from microvolts to millivolts and millivolts 
to Volts so that it can be applied to a load . Simple 
example of amplifier is audio amplifier which is 
used in Radio, Tape recorders,CD players  where 
an audio signal either picked up by an antenna or 
stored in magnetic tape or in Compact Disc(CD) is 
a small electrical signal is amplified by means of an 
amplifier in stages and applied to a speaker having 
low resistance. Job of filters is to allow certain 
range of frequency and they are classified as Low 
pass, High pass, Band pass, Band reject etc. Passive 
filters use passive components such as resistance, 
capacitors and inductors and these give limited 
performance. Active filters on the other hand 
use active devices such as BJT, FET with passive 
components give much better performance. OP-
AMPs are best suited to design active filters with 
minimum number of components. This article is 
continuation of last article on Active filters.
Keywords: First order and Second order low 
pass, high pass butter worth and band pass filter 
configuration. 

1. Introduction: As discussed earlier the circuit 
which allows certain frequencies and reject 
certain frequencies from the input signal are 
called as FILTERS.  First order filters discussed 
earlier do not give very sharp frequency 
response. This drawback is overcome second 
order filter as they give sharper frequency 
response, means the slope around low cut 
off and high cut off frequencies is higher and 
are in better position to eliminated unwanted 
frequencies from input signal.

 
2. FIRST ORDER HIGH PASS BUTTERWORTH 

FILTER:
 
Fig 1 shows circuit for first order high pass 
butterworth filter.
 
It used OPAMP in Non Inverting configuration with 
RC network for filter action. The gain of AMP is 
decided by R1 and RF.
 
According to the voltage divider rule, the voltage at 
the NI terminal(across resistor) is,
   
V1  =  [R/ (R- jXc)] Vin

Where j = (-1)-2, -jXc = 1/ 2πfC
 
Thus 
 
V1 = [j2πfRC / (1 + j2πfRC)] Vin
 
The output voltage Vo;
Vo= (1+ (RF/R1) V1
     = (1+ (RF/R1) ) [j2πfRC / (1 + j2πfRC)] Vin
 
wherefL = 1/ j2πRC,
  
Vo= (1+ (RF/R1) ) [j (f/fL )/ (1 + j (f/fL )] Vin
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The Voltage Gain of filter 
 = Vo/Vin =  AF [j (f/fL )/ (1 + j (f/fL)]
where
 
fL = 1/ 2πRC is low cutoff frequency.
 
AF =(1+ (RF/R1)) gain of NI amp.
 
The magnitude of the voltage gain of filter is:
 = |Vo/Vin | =  AF [ (f/fL )/ (1 +  ((f/fL )2)-1/2]

 

Fig.1 First order high  pass Butterworth Filter circuit 
and frequency response.

Design Procedure: It is similar to that of first order 
low pass butterworth filter, with fH replaced by fL.
 
3. SECOND ORDER HIGH PASS BUTTERWORTH 

FILTER:
 
Fig 2 shows circuit for second order high pass 
butterworth filter.
 
It used OPAMP in Non Inverting configuration with 
two stage RC network formed by two R2, C2 for 
filter action. The gain of AMP is decided by R1 and 
RF.
 

Fig.2 Second order high pass Butterworth Filter 
circuit .
 
The low cutoff frequency  fLof the filter depends on 
R2, C2, R3, C3 and is given by following equation:
  
fL  =   1/2π(R2 R3 C2 C3)-1/2  

Fig 3. Frequency response of  Second order high 
pass Butterworth Filter circuit.
 
The magnitude of Voltage Gain of filter 
 = Vo/Vin  =
 =  AF/  (1 + (fL/ f )4)
where
fH =1/2 π(R2R3C2C3)⁻1/2 is high cutoff frequency.
 
AF =(1+ (RF/R1)) Gain of NI amplifier
f = frequency of input signal.
 
Design Procedure: It is similar to that of second 
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order low pass butterworth filter, with fH replaced 
by fL.
 
3. BANDPASS FILTERS:
 
The band pass filter can be designed by using a low 
pass filter followed by high pass filter or vice versa, 
with fH>fL.
 
There are two types of BANDPASS FILTERS , WIDE 
BANDPASS FILTER and NARROW BANDPASS FILTER.
 
For Wide band pass filter the figure of merit Q <10 
and for narrow band pass filter Q>10. The 3 dB 
frequency and Q are related as follows;
 
Q= fc/ BW   = fc/ fH - fL
where fc is called as center frequency, fc= (fH-FL) 
-1/2
fH is high cut off frequency, fLis low cutoff 
frequency.

4. WIDE BANDPASS FILTER:
 
As stated above we can form a band pass filter by 
cascading a high pass filter with a low pass filter. 
Thus the circuit for the band pass filter would be 
that of circuit of high pass filter and low pass filter. 
The order of the filter would also be decided by the 
order of LP or HP filter. The circuit diagram shown in 
fig. 11 uses a first order butter worth high pass and 
low pass filter. Thus it is a first order wide band pass 
filter with the slope of + 20 dB/decade and –20 dB/
decade. The Q factor selected is less than 10. Fig. 4 
shows the frequency response for the same. 
  

Fig.4 Frequency response of Wide band pass filter.

 

Fig.5 First order Wide band pass filter using low pass 
and high pass filter.
 
R1’= 10K,      RF’= 10K  R’ = 15.9K’,     C’= 0.01 uF
Fig.11 Circuit diagram  of Wide band pass filter.
The value of  fH = 1/ 2πRC is high cutoff frequency. 
 
fL= 1/ 2πR’C’ is low cutoff frequency.
The values mentioned in the circuit are for 
 
fH = 2 KHZ , 
fL= 200 Hz.
Q= (fH + fL)/2  =  1100/1800  =  0.56
       (fH - fL)
 
5. NARROW BAND PASS FILTER:
 
The circuit for narrow band pass filter is similar to 
that of wide band pass filter shown in fig.6 with 
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difference between fL and fHis reduced to give Q > 
10.
This can be done by increasing fLor by decreasing 
fH, depending on the value of center frequency fc 
= (fH + fL)/2. This decreases the Bandwidth so that 
Q increases above 10. Thus the frequency response 
narrows to the center frequency fc, as shown in fig. 
6 the frequency response. 
  

Fig.6Frequency response of narrow band pass filter.
 
The circuit for narrow band pass filter can be 
obtained as shown in fig.7.
 
It uses the OPAMP in inverting mode, and has 
two feedback paths and also called as MULTIPLE 
FEEDBACK FILTER.
  

Fig. 7 Circuit for narrow band pass filter.

The  narrow band pass filter is designed for specific 
values of fc,Q  or fc, bandwidth. The equations for 
the component values is given by:
R1 = Q/2πfc C AF 
R2 = Q/2πfc(2 Q2 - C AF)
R3 = Q/πfc C

The gain of AMP AF at center frequency fc is given 
by :
 
AF = R3/ 2R1.

For narrow band pass the gain AF<2Q2.
 
The center frequency fc can be changed to new 
value fc’ by selecting R2 and R2’ such that  R2’ = R2 
( fc/fc’)2. 

6. Conclusion:
 
As discussed above the important parameter for 
any active filter is sharpness of frequency response 
around its cutoff frequencies, which can be found 
from slope expressed in dB/Hz . It can be concluded 
that the second order active filters have sharper 
frequency response with higher value of dB/Hz as 
compared to first order active filter. Further we 
can design any kind of filter using basic filters low 
pass and high pass filters by setting lower cutoff 
frequency FLand high cutoff FH.For example FL< FH 
for band pass filter, FL>FH for band reject filter and 
FL<FHbut difference between them kept smaller 
gives narrow band pass filter.
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Abstract: Due to the Earth’s curvature, there are 
limitations to the distances we can observe standing 
on the ground. Similarly, the Radar systems for 
defense also face this limitation. What if we had a 
mirror high up in the sky that was tilted such that 
when we look up we might be able to see what is 
across the horizon? This was made possible with 
a complex system of phased array antennas that 
radiated high power RF (Radio frequency) high up in 
the sky and painted the ionosphere with lot of ions. 
Since, ions reflect certain frequencies, we are able 
to point the radars towards this ionospheric cloud in 
the atmosphere and look past the horizon. 
 
1. Introduction:
 
To make things clearer, let us look at how this 
“ionosphere” has been helping us for past few 
decades. Ionosphere occurs from 80 km to 1000 
km above the surface of the earth. It forms when 
the radiation from the sun sets the electrons of air 
molecules free thereby creating ions. These ions 
reflect electromagnetic radiation, that is, radio 
energy at certain frequencies. Radio broadcasts 
in the shortwave (SW) band utilize Ionospheric 
propagation where the radio waves travel towards 
the sky, hit the ionosphere and bounce back to the 
earth at a very far away location.  

Figure 1 Example of Ionospheric propagation for 
radio broadcast
 
The concept of Ionospheric propagation is clearly 
seen in the Figure 1. 
 
Ionospheric propagation takes place with the help 
of naturally forming ions and the characteristics 
of this layer changes with the time of the day. 
Constantly monitoring this layer is impossible if 
we want to look at enemy targets over the horizon 
because the layer may move up or down during the 
day. In some cases, it may completely vanish. Such 
kind of uncertainties are not tolerable if we want to 
monitor enemy targets across the horizon. 
 
Creating our own ionospheric reflector high up in 
the air is one possibility that gives a predictable 
reflecting entity for the radar off which radio waves 
can bounce and go over the horizon. 
 
The mathematics and the inner intricacies of the 
entire system is beyond the scope of this article.
Hence, we will at least try understanding the 
concept behind it.
 
2. The heater
 
By transmitting high power High Frequency (HF) 
radio waves towards the ionosphere. The electrons 
in the air molecules become energized and thereby, 
break away from their orbits. As a result, we have 
ions forming in the region where HF radio waves 
have hit. These ions form a layer in the region where 
radiation of HF field has taken place. 
 
Ion formation due to radio waves can take place 
anywhere between 40 km to 100 km or even more 
depending on the frequency and the power used. 
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HAARP (known for weather modification 
experiments) is a HF phased array ionospheric 
heater operating in 2 to 10MHz band. It can pump 
out 3600 kilowatts of power and cause high-density 
ion formation, which is detectable with sensitive 
instruments. 
 
Have a look at Figure 2 for better understanding.  

 
Figure 2 Ionospheric heating
 
3. Magnetospheric wave injection
 
HARP is situated on the northern auroralelectrojet 
lines where earth’s magnetic field lines converge. 
When the radio waves beamed at the ionosphere 
are turned on and off at low frequencies, for 
example at 1kHz, they interacts with the electrojet. 
This interaction results in the radio waves to 
propagate through the earth’s magnetospheric 
ducts and end up on the opposite side of the earth. 
 
To make the understanding easier, have a look at the 
Figure 3.  

Figure 3 Radiated waves interact with 
northerelectrojet and end up at the other side of 
the globe.
 
What we have seen is simply formation of ion layer 
in the air that can reflect radio waves. What good is 
such a blob of ions in the air? To make use of that 
we need to tilt this ion layer so as to make it reflect 
radio waves at some horizontal angle. 
 
We need to study another property of the 
atmosphere to achieve a true “Artificial ionospheric 
mirror” (AIM).
 
As we increase the frequency, the distance the radio 
waves travel reduces. For example, a 100MHz wave 
may travel 30km before the ionosphere absorbs 
it completely whereas, a 10MHz wave may travel 
70km before being absorbed. 
 
Thus, if we change the frequency of our radiated 
energy, we can achieve ionization at different 
altitudes. Look at the Figure 4 that shows what 
we discussed just now. In the experiment, they 
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have used the frequency of 550MHz to 559MHz 
to achieve plasma layer tilt between 74 and 76km 
altitude. 

 

Figure 4 Plasma layer (ionization layer) tilt by 
frequency variation.
 
4. Beam steering with phased array
 
Both the words sound very sophisticated and 
difficult to understand. Technically, those are 
really complicated subjects of research. For our 
understanding let us keep it simple. 
 
When we have an antenna, the waves radiated 
might go in several directions. In forming the plasma 
layer (ionization layer), we need to pin point our 
radiated energy at our target and sweep it across 
a large area in the sky. The pin-pointing action is 
known as beam forming and the action of sweeping 
that radiation beam is “beam steering”. Phased 
array antennas help achieve beam formation and 
beam steering. 
 
Phased arrays are simply a collection of identical 
antennas working together. With these two at our 
hand, we can achieve something like in the figure 5.  

Figure 5 1.Ionospheric heater. 2. Artificial 
ionospheric mirror. 3. Natural ionosphere. 4. Radar 
aimed at the AIM able to look at far away targets. 5. 
Targets being detected on the radar because of AIM. 
6. Transmitting entity 7. Receiving entity
 
As we can see, the AIM formed by the ionospheric 
heater helps the conventional radar to look at 
targets that are much farther away in blind zone. 
The AIM also helps in establishing communication 
links where it is not possible by conventional means 
like a mountain range obstructing the path. Since, 
AIM is at a much greater height, any radio pulse 
within some frequency limit will bounce off and 
travel to larger distances. Thus, enabling radars to 
look beyond the horizon.
 
5. Conclusion: 
 
There is no relation established between the 
ionosphere and lower atmosphere. Even if there is, 
it is not available openly to us. Thus, it is not clear 
whether modifications done to the ionosphere 
through the ionospheric heater have any drastic 
effect on the weather. HAARP is a matter of worry 
since it is suggested that it can cause weather 
attacks, but the “general” scientific community has 
not been able to prove it with evidence. Once, the 
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relation between the ionosphere and the lower atmosphere is established, we can very well prove the 
weather modification attacks that have been happening world over.
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