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1 Introduction 

This study explores a Small Radio Telescope (SRT) belonging to the Helsinki Universi-

ty Observatory where the SRT telescope is located. The Observatory was designed by 

Architect C. L. Engel and Professor of Astronomy F. G. W. Argelander. It was built in 

1830’s and has contributed in various forms in the field of astronomy, including teach-

ing and observations. Probably the most well-known and certainly the most laborious 

work, in the form of man hours, that Helsinki Observatory was involved with, was the 

international Carte du Ciel project. This project started in 1887 and combined the re-

sources of twenty observatories around the world in an attempt to catalogue and map 

out the positions of over four million stars [17]. Today the Observatory works under the 

Department of Physic. It is part of the Helsinki University Museum and it venues exhibi-

tions about astronomy and history of astronomy for school children and tourists alike. 

In the beginning of this project, the telescope was not in operation because it was dis-

sembled during the restoration project of the University premises. In order to serve the 

needs of the observatory, the preparations for this study included making the radio tel-

escope operational.  

The purpose of this study is to provide information for Observatory staff and other in-

terested users at Ursa, regarding the basics of radio astronomy and the functions and 

operations of this particular radio telescope, with special focus on its receiver proper-

ties. The main research questions are: 

- What is radio astronomy? 

- How does the SRT function technically? 

- What are the components of the SRT? 

- What are the characteristics of a radio astronomy telescope receiver? 

Providing answers to these questions forms the structure of this study. First basics of 

radio astronomy and the basics of the SRT system are explained. Then, the receiver is 

described in closer detail. After this, the reader is introduced to the process of testing 

the low-noise amplifier and the band-pass filter. 
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2 Basics of Radio Astronomy 

2.1 The Jansky Unit 

The optical region was for a long time the only part of the electromagnetic spectrum 

that astronomers took advantage of. In 1932, Karl Jansky, examining the interference 

caused by lightning storms, discovered by chance the noise that was sent by the Milky 

Way. After that, radio astronomy has developed gradually into an important part of as-

tronomy [14, p. 255]. 

In radio astronomy the incoming signals are often very weak. When measuring different 

apparent radio sources strengths, radio astronomers use flux unit, which is called jan-

sky (Jy). One jansky is equivalent to        watts per square metre per hertz. To give 

an example, a mobile phone in the moon emitting 1 watt power to all directions, would 

be measured on earth as a 5*      watts per square metre. A radio astronomy ob-

server on the Earth’s surface would see this as a strong radio source. For example if a 

mobile phone, which operates in a 200 kHz wide band, is placed in the Moon the ob-

server on Earth will perceive it as 250 jansky. However, in real-life radio astronomy 

observations, the flux density in strong signals is typically tens of janskys and in weaker 

sources only milli janskys (mJy) or even less [8, p. 245].             

While the SRT is not capable of such accurate measurements, the fundamentals are 

still the same. Radio astronomy equipment must be able to measure very weak incom-

ing signals and separate those from harmful manmade emissions.  

2.2 Hydrogen Line 

In this study, the frequency in which observations are made is 1.42 GHz, which is 

probably the most important frequency in radio astronomy. One of the reasons is that 

the emissions of the radio sky that are observed by radio astronomers are not the light 

from the stars, but radio waves from the gas and dust clouds that are remnants of su-

pernova or star explosions. The 21 cm hydrogen line has been used to chart the struc-

ture of our galaxy, known as the Milky Way. The 21 cm hydrogen line is in fact one of 

the most precisely measured physical properties [13, p. 312].    
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2.3 Electro Magnetic Waves 

2.3.1 Signals from Space without a Wire  

When looking up at the stars at night, with the naked eye or with the world’s largest 

telescope, our eyes receive radiation from the stars. This visible radiation is what we 

call light. 

The radio astronomer observing the stars with a radio telescope receives radiation 

known as radio waves instead of visible light. Although more complex instruments than 

the naked eye are needed for analyzing these radio waves, the observer of radio 

waves can build up a picture of the radio universe that is just as real a picture or a chart 

of any visible objects of the universe. The radio astronomer observes different frequen-

cies of radiation known as the electromagnetic spectrum (Figure 1). 

 

 

Figure 1. Different frequencies of the electromagnetic spectrum 

2.3.2 Electromagnetic Spectrum 

Maxwell, on the basis of the calculated speed of electromagnetic waves (EM waves), 

argued that light must be an electromagnetic wave. These so called Maxwell’s equa-

tions were published in 1864 [14]. This idea was soon to come generally accepted 

when EM waves were experimentally detected.   

Electromagnetic waves, or EM radiation, have been produced or detected over a wide 

range of frequencies. They are usually categorized as shown in Figure 1 above. The 
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figure is a rough model because the shifts, for example from radio waves to infrared, 

are not sharp in real life. 

2.3.3 Two Windows to Space from the Earth’s Surface  

The EM radiation coming from space into our atmosphere comes from different 

sources, such as stars, planets, our own galaxy the Milky Way and black holes. The 

vastness of space is not fully known to man, which is why new objects and emitters can 

be found using the radio wave window. Different galaxies, for example, are very strong 

radio emitters, which is why radio astronomy has made progress in unraveling the mys-

teries surrounding the galaxies known as quasars. A quasar has an unusual spectral 

line. When combining the results from optical and radio wave astronomy, and with the 

help of redshift calculations, the quasar known as 3C273 was the first quasar ever to 

be identified. 3C273 was found in 1963 and it is still the optically brightest quasar in our 

sky. The most important qualities of quasars are their strong radiation levels and rapid 

changes in their brightness. Quasars are 100-1000 times brighter than the regular gal-

axies.  

Different sources emit different kinds of waves. For example our own star, the Sun, 

sends a wide variety of EM radiation towards our planet. The Sun’s EM radiation in-

cludes every radiation type listed in Figure 1 [6, p. 69]. 

Figure 2 demonstrates two so called windows that are transparent to incoming radio 

and visible optic waves. Black areas will be filtered out in the atmosphere and therefore 

never reach the Earth’s surface. Because of this, should one wish to make observa-

tions on the Earth’s surface, the windows that make observations possible are: the vis-

ible or optic window and the radio window (Figure 2). 
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Figure 2. Only radio waves and visible -waves can penetrate the atmosphere  

To give an idea; the optic window is roughly between [375 000 to 1 000 000] GHz (Gi-

ga       and the radio window is between [0.015 to 1300] GHZ. [16].  

These frequencies can also be seen as wavelengths, and it can be described as [5, p. 

669] 

  
 

 
 

where   is the wavelength in meters,   is the light speed in free space and   is the fre-

quency. 

When moving in free space, the speed of EM wave is assumed to be fixed to the speed 

of light, denoted as c, which is 300,000,000 meters per second. Wavelength is then 

inversely proportional to frequency of the wave: the higher the frequency the shorter 

the wavelengths and vice versa [5, p. 325].  

When seen as wavelengths, the λ for the optic window is between [800 to 300] nm 

(nano         where radio window is between [20 to 0.0003] meters.  

2.3.4 Picking up the Wanted Radiation  

The SRT device that is the focus of this study is designed to make observations in a 

specific frequency, which is 1.42 GHz, in the radio window (Figure 3).   

 

 

Figure 3. Radio waves picked up by the SRT  
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Because of our blindness to radio waves, no naked eye observations can be made in 

radio astronomy. Therefore we have to rely on a man-made apparatuses to take a look 

through the radio window.   

The wavelengths of radio astronomy are much (about one million times) larger than the 

wavelength of light, as noted above. This puts the radio astronomer in a difficult posi-

tion, because the energy from radiation decreases as the wavelength gets longer. This 

involves great difficulty in achieving good resolving power compared to optical tele-

scopes. To give an example, a 5 metre diameter optical telescope has the resolving 

power that is approximately 36 000 times greater than a 78 metre diameter radio tele-

scope working in 300 MHz frequency at the Jordell Bank Observatory in Cheshire, 

England. [6, p. 216).  

This is a problem that has been solved with a modern type of telescope known as the 

Very Large Array (VLA). The VLA consists of 27 independent antennas, each having a 

25 metre diameter dish. The antennas are placed alongside in three 21 kilometres long 

lines. With the help of modern technology, it is possible to combine this wide array of 

radio telescope signals into one spot and make it work as one gigantic radio telescope 

antenna. This type of procedure is called aperture synthesis. The VLA works as an 

interferometer, which means that it operates by multiplying the data from each pair of 

telescopes together to form patterns and eventually chart the observations. Said VLA, 

called the Karl G. Jansky Very Large Array, located in New Mexico, operates as if it 

were a single dish system with one 36 kilometre diameter antenna [9].    

3 Description of the SRT System  

The SRT is a radio astronomy kit. It is designed for students and amateur observers 

interested in radio astronomy. It is designed to receive a 21-cm wavelength radiation, 

and the frequency in which observations are made is 1.42 GHz. The main parts of the 

SRT kit, as shown below in Figure 4, are 

- the 2.3 metre diameter antenna dish, 

- the mount for the antenna, which includes a gearbox and an actuator for moving 
the antenna,   

- the receiver, 
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- the ground controller and the coaxial cables, and 

- the PC with a JAVA-based control software. 

 

Figure 4. SRT mechanics 

3.1 Antenna Basics 

Antennas come in many different shapes and sizes. The antenna used for a mobile 

phone and the antenna used in a radio telescope are totally different in their uses and 

in their size as well. There are different criteria for characterizing them. In radio astron-

omy, essential characteristic of the antenna is its ability to distinguish signals coming 

from different directions. If the antenna could not give any indication of the direction of 

the signal, it would have no use in radio astronomy. The antennas in radio astronomy 

are said to be directive. Directivity is a measure how focused the antenna’s radiation 

pattern is. In other words, directivity enables to get more power in to the telescopes 

receiver.   

Every antenna has its own radiation pattern. Figure 5 below shows the differences in 

the radiation patterns of a parabolic antenna versus a dipole antenna. The picture 

shows how efficiently each antenna will receive EM radiation from different angles. 

Usually the pattern will contain a big main lobe and smaller side lobes. The radiation 

pattern can also consist of such angles from which the antenna does not receive any-
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thing. Parabolic antennas used by radio astronomers will have better directivity than 

dipole antennas, because they are to receive signals from a fixed direction. In contrast, 

antennas for cell phones should have a low directivity because the signal can come 

from any direction, and the antenna should be able to pick it up [8, p. 139]. 

 

Figure 5. Parabolic antenna and dipole antennas patterns [3] 

If the antenna’s physical size is smaller than the wavelength used, its main lobe will 

inevitably be wider than in a telescope with a much larger antenna compared to the 

wavelength used. This is the reason why radio telescope antennas are so colossal in 

physical size: they will use the size to get the telescope more directive. 

Gain is another fundamental parameter. It describes how much power the antenna is 

transmitting from a source. An antenna with a 3 dB gain means that the power received 

by the antenna will be twice as much as what would be received by an antenna with a 

0 dB gain. Furthermore, antennas that are small in relation to the wavelength at which 

they operate are usually very inefficient. A cellular phone has a gain of 0 dB, while the 

gain of a big radio telescope antenna can be as high as 40 to 50 dB [2].   



10 

 

The SRT uses a parabolic dish which is made of four individual sections. Each section 

is constructed from aluminum mesh supported by a lightweight aluminum frame, as 

seen in appendix 1. The holes in the mesh are seen as a mirror by the incoming 

waves, i.e. the holes will reflect the energy, if the holes are less than one tenth of the 

wavelength used. That is why the parabolic antenna can be made of lightweight alumi-

num mesh as shown in Figure 6 [6, p. 216). After reflected by the antenna, the wave is 

caught by the antenna feed (appendix 2). The antenna feed is located at the apex of 

the parabolic reflector.  

 

Figure 6. An aluminum mesh construct working as a mirror reflector 

3.2 Receiver Basics 

The receiver can be described as the essential part of the system. It is a part where all 

the radio wave energy is concentrated. The incoming energy is physical power from 

radio waves, thus analog, and after the signal leaves the receiver, it is digitalized into 

bits. The block diagram and schematics of the receiver can be seen in appendices 4 

and 5.  

As mentioned earlier in Section 2.1, the incoming radio wave signals have very small 

power. The receiver needs to amplify that power without distorting it in the process. 

This is why the amplifying part will be of great importance. 

The receiver itself always produces an unwanted and unavoidable noise signal which is 

of the same nature as the wanted signal. In other words, distinguishing between the 
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noise that comes from the receiver and the one that comes from sky is one of the fun-

damental issues in radio astronomy receivers. 

3.3 Rest of the SRT Parts 

3.3.1 The Ground Controller and Communications with PC 

The ground controller provides the DC power to the antennas main motor gearbox, 2-

way serial communication with the digital receiver on the antenna and finally it has an 

RS-232 serial port for connecting the software on user PC. The schematics for the 

ground controller can be found in appendix 7. 

Communication between the ground controller and the PC is done using the RS-232 

serial port. In many modern PC’s the RS-232 port does not exist because of an inven-

tion we know as the USB port. In such cases the user will be able to manage by using 

a USB-to-RS-232 converter. 

3.3.2 The Motorized, Two-Axis Mount  

The Cassi mount is an azimuth-elevation (AZ/EL) mount that rotates the antenna in two 

axes; vertical and horizontal. These instructions can be found in appendix 3. The verti-

cal altitude movement is done by a linear actuator attached to the antenna’s frame, 

which operates with 24V DC supplied by the ground controller. The horizontal move-

ment is done by the motor, with the needed 24V DC again supplied by the ground con-

troller that rotates the motor gearbox located on top of the mast, just under the antenna 

itself.    

The main motor gearbox assembly (Figure 7), where all the power connections from 

the ground controller unit are located, weighs 70 kilograms and has a reed micro switch 

attached to its worm gears in order to keep track of the turnings of the drives, and that 

way keep track of the antenna’s position. The motor activates when it receives the 

keyword “move” from the ground controller. The keyword is followed by a byte which 

gives the number of “counts” of the reed micro switch on the drive gear to move [10]. 
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Figure 7. The SRT mount and gearbox [1] 

3.3.3 PC and Control Software 

The control software, which is JAVA-based, was obtained from the MIT Haystack Ob-

servatory website. Being JAVA-based, the software is portable to most common oper-

ating systems. Interface for the telescope control is an active window and with that the 

user can control the telescope functions. Just like any other graphical user interface, 

the telescope functions are available either by a mouse clicking or typing text com-

mands into text box. Also the combination of those two above methods are valid. 

Before starting to use the SRT for the first time, the user needs to access an ASCII file 

labeled srt.cat. That file contains all the necessary information that the software is go-

ing to use, including telescope station latitude and longitude, telescope azimuth and 

elevation limits and the appropriated mount that will be used. The srt.cat file also in-

cludes the value for the noise diode calibration and ready co-ordinates for a few sky 

objects. 

4 Focusing on the Receiver 

The next part in the chain is the receiver. In a radio telescope the receiver plays a part 

that is similar to the photographic plate at the focusing point of an optical telescope. It 

is the point where the received electromagnetic waves are focused on and converted 

into bits, in order to be communicated to the user software and PC (Figure 8). 
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Figure 8. Signal path in SRT system 

In order to select the wanted signal from any unwanted signals, we need selectivity. In 

most cases the power level of the signal a radio telescope receives is quite small and 

the power received from the background may be much higher than this. That is where 

the amplifying part and the sensitivity of the system will be of great importance. 

Therefore the focus in this chapter is in the receiver’s sensitivity, selectivity and internal 

noise. The reader should note that what is said of sensitivity, noise and selectivity is 

mainly true for any RF receiver. Also a closer look will be taken at the architecture of 

the SRT’s receiver and its advantages in picking up the wanted signal. 

4.1 Receiver Sensitivity and System Noise 

As explained in Section 2.1 above, a mobile phone in the moon emitting 1 watt power 

would be seen as a very strong source for radio astronomy’s observations on the 

Earth’s surface. This illustrates how sensitive the receivers are in radio astronomy. 

Receiver sensitivity is without a doubt one of the key specifications. The ability of the 

receiver to pick up the wanted radio signals as efficiently as possible is significant in 

any application. There are a number of methods and figures that are used to describe 

the receiver’s sensitivity. This study concentrates on the following basic elements: sig-

nal to noise ratio (SNR), noise factor and noise figure and lastly noise temperature. 
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Noise can be defined as any random interference unrelated to the signal of interest [12, 

p. 37]. Unfortunately it is present in all circuits, generated by different components of 

the system; resistors, bipolar devices HEMT’s. Basically every component wants to 

introduce its own noise into the system. Noise is very much the same hissing sound as 

can be heard from an amplifier with no output. Back in the day when there was no tele-

vision transmission during the night, you could hear the same hissing sound with 

“snowflakes” on the televisions screen. The gentle hissing sound was generated in the 

systems own components. It presents a limitation on many aspects of performance. 

Noise is something that is present in all electronic and RF circuits. Noise arises from 

many causes and sources. It originates from the movement of the charges. Electrons 

bump into each other continuously, the faster and the warmer the material is. This col-

liding will cause electrons to emit radiation. This radiation is what we call thermal noise 

and it is said to be white noise, which means it is not fixed to any one frequency but all 

frequencies [11, p. 232].  

What makes matters complicated is the fact that in radio astronomy the noise is actual-

ly a useful signal. The fundamental challenge in radio astronomy is how to determine 

the unwanted noise from the wanted noise. 

4.1.1 SNR or Signal to Noise Ratio 

The signal-to-noise ratio (SNR) is an important parameter. The SNR can be defined as 

the ratio of the signal power to the total noise power. Mainly because of computational 

convenience, most of the receiver parts are characterized by their noise figure, which is 

expressed in decibels (dB). Figure 9 below demonstrates the noise created by the am-

plifier. The SNR is smaller after than before the amplifier. 
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Figure 9. The amplifier introduces its own noise to the signal 

4.1.2 Noise Factor and Noise Figure 

In many analog circuits, the SNR is an important parameter to understand, but most 

receivers are characterized by their noise factor. The most common definition is [12, p. 

39] 

 

               
         
         

 

 

where         and           are the SNR measured at the input and output. 

 

To understand the physical meaning of the equation, noise factor can be seen as a 

figure of how much the SNR degrades as the signal passes through the system. 

A system that has no additional noise introduced, then 

 

          =           
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That means, in theory, the noise factor of a noiseless system is 1. 

In reality, however, [12, p. 40] 

 

                 

 

Noise factor was described in natural numbers. When defining the same in decibels 

(dB) we have [12, p. 40] 

 

             (             (               

 

So the figures compare the noise performance of a system to that of an ideal noiseless 

system. 

How sensitive a receiver can be is directly proportional to the receiver’s noise factor.  

The receiver noise is usually expressed by the equivalent noise temperature 

         . It is the temperature to which the radiation resistance of the antenna would 

have to be raised in order to produce, the same noise power as the complete receiver 

[15, p.42]. 

4.1.3 Noise Temperature 

Noise figure can also be defined as a Noise Temperature [7, p. 260] 

 

              
       

  
  

where    is the reference temperature (usually 290ºK) and       is the temperature of 

the system. 

 

In temperature terms; if the receiver is assumed perfect and introduces no noise, then  

 

            , 

 

which equals 

             = 1. 
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The value of           depends on the circuits and amplifying devices in the receiver.  

The overall system temperature measured at the output of a receiver can be broken 

down as follows [7, p. 240] 

                             

where          is antenna temperature, due to external radiation, partly from the sky 

and also interference from the ground and           is noise temperature of the re-

ceiver. 

This total noise temperature determines the sensitivity of the radio telescope system 

and also the receiver can be specified from standpoint of noise by its noise tempera-

ture          . In radio astronomy telescopes, the receiver sensitivity is of primary 

importance, because doubling the system noise temperature will extend the measure-

ment period to four times [14, p. 257]. Also, the stability must be good. 

4.2 Selectivity 

Selectivity is one of the receiver’s two main functions. One is to amplify the incoming 

signal and the other is to separate the wanted signal out of the unwanted ones. A re-

ceiver’s ability to respond only to the wanted signal, or frequency or channel, and reject 

other unwanted signals nearby in frequency, such as Global Positioning System (GPS) 

and many different types of wireless communications done with cellular devices, is im-

portant one. Selectivity can be seen as one of the major specifications of any radio 

receiver for whatever application. 

4.3 The Superheterodyne Receiver 

The receiver in the SRT system is based on superheterodyne architecture. The term 

superheterodyning simply means creating a beat frequency that is lower than the origi-

nal signal frequency (RF) captured by the systems antenna. The lower beat frequency 

is created by using the local oscillator (LO). The SRT uses a phase locked oscillator. It 

means that with the help of crystal, the LO is forced to oscillate at the frequency of the 
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crystal. The crystal is like a tuning fork whose resonant frequency remains constant. 

The RF signal of the receiver is mixed with the LO signal to form a lower intermediate 

frequency (IF) in order process the signal more easily. Basically this means adding two 

frequencies together in order to get one with lower frequency. When signal frequency 

has been reduced, the signal processing comes much easier. Figure 10 below illus-

trates how the downconversion is made. 
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Figure 10. Superheterodyning 

 

4.3.1 Mixer 

The mixer is a circuit in the middle, where the signal frequency is converted down-

wards. For example, if a sinusoidal RF signal waveform contains 10 000 000 cycles, 

i.e. the signal frequency is 10 GHz and LO signal, has the frequency of 9 GHz, the IF 

frequency will be 1 GHz. So mixer forms a signal frequency that is the subtraction from 

RF and LO -signals 10 – 9 = 1.  

The waveform that passes the switch is: (RF - signal waveform) x LO switching func-

tion. 

In the SRT, the local oscillator must be set at a frequency that will “heterodyne” the 

original 1.42 GHz to the desired IF frequency of 0.5 to 3 MHz’s, as seen in appendix 8. 

This means the local oscillator must be set accordingly so that the difference frequency 

will be in between the desired IF frequency range, which in SRT system is, 0.5 to 3 

MHz’s.  
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4.3.2 Advantages of a Superheterodyne Receiver 

One of the main advantages of using a superheterodyne receiver is that it reduces the 

signal from very high frequency sources where components would not work properly. In 

SRT the observed frequencies are high at 1.42 GHz. Although in Metsähovi Radio Ob-

servatory in Kirkkonummi, which is much more sophisticated system, the telescope is 

capable of making observations up to 300 GHz. However, even when working with 

frequencies over 1 GHz, many ordinary components cease to function. For example, 

the most modern computer processors for PC systems work today at 3 GHz and there 

are many physical reasons for why the speeds are not in tens or hundreds of GHZ’s. A 

superheterodyne receiver also allows many components to operate at a fixed IF fre-

quency which helps the optimization and designing of the system. 

Another advantage is that by using a superheterodyne receiver, it is very easy to im-

prove the selectivity. In SRT receiver, as in television and in radio receivers, a user 

wants to tune the receiver into different channels or frequencies. So, besides sensitive, 

the receiver needs also to be selective. 

5 Testing the Low-Noise Amplifier and the Band-Pass Filter 

5.1 The Low-Noise Amplifier (LNA) 

 

The performance of any radio telescope or any system that uses the RF is determined 

by both the power delivered to the antenna, bigger antenna equals more power gath-

ered, and the sensitivity of the receiver, particularly the noise of the LNA. The noise 

temperature of the receiver is given by [7, p. 263]  

 

             
  

  
 

  

    
  

 

where              are noise temperatures and    and    are the gains of each part.  

 

Because the LNA is the first stage of gain in the receiver path, its noise figure adds 

directly to the noise figure of the system. This is the reason why it is important to put 

much emphasis on the LNA. The LNA schematics can be seen in appendix 6. Above 

mentioned equation can be used to find the noise temperature of the actual receiver 

when the noise temperatures and the available power gains are known. 
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 A typical receiver having two RF amplifier stages followed by a mixer and an IF ampli-

fier is shown in Figure 11 below.    

 

 

Figure 11. Receiver path with two amplifiers 

 

5.2 The Band-Pass Filter (BPF) 

One simple method of minimizing noise in a system is to limit the frequencies that enter 

the system. This type of bandwidth limitation is done by using the band-pass filter 

(BPF), because when using a circuit bandwidth greater than that required by the signal, 

it allows additional noise frequencies to enter the LNA and rest of the circuit (Figure 

12). The BPF will pass the wanted 1.42 GHz signal and provide good rejection for the 

unwanted frequencies. These unwanted interference frequencies come from many 

different sources. GPS, Personal Communications Service (PCS), different satellites 

and airborne transponder signals which are all operating in frequencies around SRT’s 

1.42 GHz hydrogen line. Thus, the 1.42 GHz is surrounded by interference from other 

systems and applications.  Also, when BPF adds very little noise on its own to the sys-

tem itself, it will protect the rest of the receiver parts from unwanted, manmade interfer-

ence, which is especially true in urban surroundings where the SRT is located [11, p. 

134]. 
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Figure 12. Band-pass filter attenuates frequencies outside its range 

 

 

Figure 13. BPF narrows down the bandwidth effectively 
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Figure 13 is from the network analyzer that has SRT’s band-pass filter attached to it. It 

is a wide spectrum picture, just to enhance the BPF’s role in the system. The spectrum 

is ranging from 0.3 GHz up to 6 GHz, from left to right. The yellow line at the bottom of 

the screen is our signal going through the filter. The red line in the middle of the screen 

is the level where there is no insertion loss which means those frequencies will pass 

through the filter without any obstacles. 

Looking at Figure 13, the signal is seen peaking at 1.41 GHz where the filter makes no 

attenuation to the signal. This type of filtering is a very efficient way to limit the band-

width and the noise entering the receiver. 

The closer together the yellow and red lines are, the more of the original RF signal gets 

permitted through at that given frequency. As is evident from the peak, in this case only 

the specific signal frequency, 1.410 GHz, is permitted to go through.  

5.3 Testing the Amplifier and the Filter 

In SRT, the receiver is attached to the antenna mount, which means that it is located 

outdoors while the controlling PC is indoors. The cables and connections that the SRT 

system needs in order to work are then minimized. For example the LNA, which is at-

tached next to the receiver, is powered by the +5V carrier through the coaxial cable.  

When testing the LNA itself in the network analyzer, some arrangements needed to be 

made. Firstly, the LNA needed the 5V DC power for DC biasing and secondly, because 

of the outboard DC power used, a DC block connector (Figure 14) was needed be-

cause otherwise the dc signal coming from outboard power would have interfered with 

the network analyzers readings.     
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Figure 14. DC block connector assembled in FR4 plate 

After that, a block connector was simply made from two BNC connectors attached to 

FR4 plate. Then one 10 pF conductor was soldered to FR4 plate in between the BNC’s 

and it was matched to 50 ohms using microstrip line calculator. EM Talk’s Microstrip 

Line Calculator [4] was used in order to resolve the needed measures that the con-

nector needed.  

After the DC block connector the LNA was opened and 2 wires for +5V and ground 

were soldered in (Figure 15). Crude and robust in construct, but in practice the DC 

block connector worked soundly.  
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Figure 15. Complete LNA setup in network analyzer with DC block connector. 

After the setup was made, the LNA was put into test, which it passed nicely. Figure 16 

demonstrates that the gain the LNA gave was 18.8 dB at 1.42 GHz, which was what 

the datasheet of the given ATF-34143 HEMT transistor said it would produce. The 

HEMT datasheet is attached here as appendix 9.  
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Figure 16. LNA in network analyzer 

6 Summary 

In this thesis the SRT system has been studied as one entity. The SRT system was 

examined and set up in order to make it operational for future observations. The fun-

damentals of radio astronomy and the SRT system were explained. In radio astronomy 

there are many different types of systems and implementations, yet all of these sys-

tems have common qualities. The description of these common qualities was consid-

ered to form a basis for all who are interested in working with the SRT system, or with 

radio astronomy in general. 

The most sensitive parts of the SRT system were probed and weaknesses were found. 

In the SRT’s outside surroundings, the weather conditions and the normal physical 

wear of the parts and joints will be a negative influence to the system in the future, un-

less these issues are addressed and attended to. Further insulation into the wiring and 

into the box that encloses the receiver, LNA and band-pass filter will make it more resil-
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ient against weather, moisture, wear out failure and corrosion. These findings will help 

resolve the possible future inconveniences, when the SRT will be operational every day 

of the year.  

The University staff was also given a demonstration of how the system works and what 

was done during this study. This left them better equipped to use the SRT to its maxi-

mum capacity and to make many interesting observations in the future. 
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Antenna Assembly Instructions 
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Antenna Feed 
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Cassi Mount Assembly Instructions 
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SRT Receiver Block Diagram 
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SRT Receiver Schematics 
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SRT LNA Schematics 
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SRT Ground Controller Schematics 
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SRT Receiver Characteristics 
 

Digital Receiver 

L.O. Frequency range 1370-1800 MHz 

L.O. Tuning steps 40 kHz 

L.O. Settle time <5 ms 

Rejection of LSB image >20 dB 

Bandwidth/Resolution Modes 1200/8 kHz* 

(Currently supported in ver 1.0 firmware) 500/8 kHz 

-  250/4 kHz 

-  125/2 kHz 

I.F. Center 800 kHz 

6 dB I.F. range 0.5-3 MHz 

Preamp frequency range 1400-1440 MHz 

Typical system temperature 150K 

Typical L.O. leakage out of preamp -105dBm 

Preamp input for dB compression 
from out of band signals 

-24 dBm 

Preamp input for intermodulation interference -30 dBm 

Control RS-232 2400 baud 

* The 1200 kHz wideband is synthesized using 3 500 kHz bands stitched together from a frequency scan. 
 

Digital Receiver Board 
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ATF-34143 HEMT Datasheet 
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