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received in excess of two million times its original intensity. Such extreme
amplification is necessary due to the incredible weakness of cosmic radio signals.
The radio energy collected by any telescope is inherently weak, having traversed the
vast distances of interstellar space. Radio waves, like all electromagnetic
radiation, dissipate according to an inverse square law--the further away the source,
the weaker the signal. Incredibly small amounts of radio energy reach the earth due
to the immense distances involved. One can therefore understand the necessity of
constructing telescopes with large collecting surfaces to focus these weak signals.
It has been estimated that all the radio waves ever detected by all radio telescopes
in the history of the science only contain as much energy as a falling snowflake.

Resolution and Beamwidth

The area of the sky observed by a radio telescope at any given time defines its
“beam”. The angular extent of the beam is called the beamwidth. The ability to
discern detailed structure in radio sources depends on the beamwidth, often referred
to as resolution. The beamwidth is determined by the wavelength being observed
divided by the diameter of the reflector. The equation used to determine
beamwidth is therefore:

a” =(206,265) | /d
where:
a = smallest possible angle that can be resolved (in arcseconds)

| =wavelength observed (in meters)

d = diameter of reflector (in meters)

Note: the constant 206,265 is the number of arcseconds in one radian; used simply
to convert the numbers to convenient units. (There are 2 p radians in 360 degrees.)
The relationship |/d otherwise gives the beamwidth in radians. The beamwidth
equation is, however, only an approximation. Variables such as the fact that the
effective area of the reflector tends to be much less than the actual area, reduce the
equation to an approximation accurate to within about 20X. The beamwidth of the
40-foot radio telescope is, therefore, calculated to be around 1.0 degree of arc.



Celestial Coordinates

The 40-foot telescope is a transit instrument--one that moves only along the
celestial meridian (along the north-south direction). Such telescopes can point to
any declination (within limits), but must make use of the earth’s rotation to change
the aiming position in right ascension. The hour angle (difference between right
ascension and sidereal time) for a transit instrument is always equal to zero. The
right ascension to which the telescope is pointing, therefore, is equal to the sidereal
time. It is inevitable then, that at transit (when an object crosses the celestial
meridian), the right ascension of the object is equal to the sidereal time at that
meridian. To observe an object with a transit instrument, the telescope is
positioned at the proper declination and the earth’s rotation moves the beam of the
telescope across the source. In such a manner the radio waves from cosmic sources
are intercepted for analysis.

The amount of time that an object (assuming the object is a point source)
remains in the beam of the telescope varies with the declination of the object even
though the rotation of the earth is constant. If the 40-foot telescope were pointed at
Polaris, it would observe Polaris constantly, since the declination would be +90 .
The beam of the telescope would be parallel to the earth’s axis of rotation and the
rotation of the earth could not possibly move the beam away from Polaris. The earth
rotates about its axis in approximately 24 hours. Since there are 360° in a
complete circle, the earth makes an angular movement of 1° in 4 minutes. For an
object on the celestial equator, the relationship between time and angular distance
is such that one hour is equivalent to 15°.

Minimum transit times (duration times) are therefore established by the
declination of the object observed. The actual time that an object remains in the
beam of the telescope also depends on the angular size of the object itself. If the
radio source observed is an extended source, as opposed to being a point source, then
a longer deflection in the signal would be produced; one that is proportional to the
angular size of the source.
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telescope has been positioned.

5. Adjust the pens for the appropriate scale deflection:
a. first check the height of your calibration peaks.
b. To change them, with Cal switches “off”, increase or decrease your
amplification input level. This knob is called Input Level and is
found on the synchronous detector panel.
c. Zero your pens with the “Zero Offset” knob.
e. check the height of your calibration peaks.
f. Repeat b-e until you are satisfied.

6. Engage the pens of the strip chart recorder to receive a hard copy
of the radio signal.

Peaking on a Source

Another important data acquisition procedure is known as peaking procedure.
Peaking procedures are used to determine the actual declination of a radio source
once the source is in the telescope beam. Once the radio source begins to transit, and
you begin to see a rise on your chart, the declination may be adjusted slightly (with
the strip chart recorder pens engaged) to provide peak deflection during source
transit. Once the highest deflection has occurred, lock the telescope declination in
place. The adjusted declination value corresponding to the peak deflection
determines the actual declination value.

Mapping Procedure

One way to quickly acquire a lot of data over a wide declination range is to
move the telescope in declination as the earth’s rotation changes the right ascension.
You might pick two limits in declination and move the telescope between those
limits over a specified time period. Be careful to devise some way of knowing where
the telescope is pointing and to know when the telescope was pointing there. Each
point in the sky is defined by its coordinates of right ascension and declination!
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V. SCAN PROCEDURE

In order to obtain accurate information from the telescope chart record, a radio
source should be observed using the following scan procedure. A typical scan is
shown in Figure 3. In this case, the declination is fixed at the desired position.

1. Starting Baseline - To begin a scan, the chart should show
at least 5 minutes of background radiation in order to obtain
a reference line so that the calibration signal can be
measured. While waiting, record the Declination and any other
pertinent data onto the beginning of the chart.

2. Pre-Calibration - The artificial calibration source is turned
on for about 2 minutes. This is used to check the receiver
stability prior to observing a source. Record the Local
Sidereal Time next to this calibration line.

3. Pre-Source Baseline - A baseline of at least 15 minutes should
precede the time of expected source transit. This is used to
obtain a reference line for source and calibration
measurement.

4. Data Field - Obtain data for a specific time period. This
time frame will vary depending on the desired project.

5. Post-Source Baseline - This baseline should be at least 15
minutes after the source transit. This baseline along with
the pre-source baseline allows measurement of source
amplitude.

6. Post-Calibration - The artificial calibration source is turned
on for about 2 minutes. This is used to check the receiver
stability after observing the source. Again, record the
L.S.T.

7. Ending Baseline - This baseline should be 5 minutes
long. This is used for a reference line when measuring the
calibration signal.

After the scan data is prepared in this way, the following procedure is used to
analyze the data.
11



Fig. 3: Drift Scan, Virgo A
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