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(G01) Uncovering Galactic dark matter using a radio telescope [150 marks]

(G01.1) We estimate the resolution of our radio telescope and compare it with the angular accu-
racy of its pointing devices.

(G01.1a) Measure the aperture dimensions of the radio telescope (longer length a, shorter

length b) and express in metres. From this, estimate the resolution correspond-
ing to each of the dimensions separately (6%, and 62, respectively) in degrees.

Tick (v') the dimension which gives you the higher resolution.

Solution:

1. Given Parameters

e Frequency (f): 1420.40575 MHz or 1.42040575 x 10Y Hz
e Horn Dimensions:

— (a): 56.5 cm or 0.565 m
— (b): 41.5 cm or 0.415 m

e Speed of light (c): 299,792,458 m/s

2. Calculate the Wavelength ()

C
A=<
f
2 2.4
Ao 299792458 m/s 0 01ag eters

1,420,405, 750 Hz

3. Calculate the Angular Resolution (HPBW)
Resolution along Larger Dimension (6,)
This resolution is associated with the larger dimension, a.
1
=0 ()
T \a
0 ~ @ 0.2111 m
. 0.565 m

> A~ 21.4°
us

Resolution along Smaller dimension (6;)

This resolution is associated with the smaller dimension, b.

180 /A
O~ —— <b>

g~ 180 (0.2111 m> 2097
3.14 0.415 m
Measurement in two directions (1+41) ‘ 2.0
Estimating wavelength 1.0
Writing the formula for resolution 1.0
Computing the correct value in both directions (1 + 1) 2.0
Choosing the dimension which gives the smaller of the two angles 1.0

(G01.1b) In order to compare with the above resolution, write down the least count
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(snrllallest measurable unit) of the protractor (62% ) and the digital inclinometer
t
(Bnin)-
Solution:
It _ o __ 1o
62t = 0.01° and 622 =1

(G01.2) Open the telescope operating software and verify using Tab 1 that the system is working.
For each longitude,

e Use Tab 2 to enter a Galactic coordinate (longitude ¢, latitude b = 0) and note the
time, corresponding altitude, azimuth and v.,. in the Table in Summary Answer-
sheet.

e Point to this altitude and azimuth and use Tab 3 to record the data ‘l.csv‘ (e.g. a
file named ‘30.csv* could contain data corresponding to longitude 30°).

Repeat this procedure for all the different longitudes from the table.

Solution:
Date: 24" July 2025
Galactic | Azimuth (°) | Altitude (°) | Veorr Time
Longitude kms ™!
30° 119.7° 50.5° -7.484 | 21:01:11
40° 104.2 ° 51.3 ° -11.802 | 21:03:31
50° 88.9° 50.0° -15.761 | 21:05:33
60° 75.0° 46.9° -19.240 | 21:08:16
70° 61.8° 50.1° -22.078 | 21:47:57
‘ Azimuth for 5 longitudes ‘ 5.0
Altitude for 5 longitudes 5.0
Veorr for 5 longitudes 5.0
‘ if sign of Vcorr is not maintained (-0.5 for each longitude) -2.5 ‘
Time for 5 longitudes 5.0
Correct source profile with central HI line feature above two side peaks (1.0  each 5.0
longitude)

(G01.3) Use Tab 3 to record the calibration data ‘sky.csv’ and ‘ground.csv’ by pointing the
telescope towards a region of the sky away from the Galactic plane, and then towards the
ground, respectively. Add the altitude and azimuth you pointed to and the time when
you carried out each of these measurements in the Summary Answersheet.

Solution:
Altitude for sky away from galactic plane 2.0
Azimuth for sky away from galactic plane 2.0
Time for sky 1.0
Time for ground 1.0
Quality of ground data 3.0
Quality of sky data 3.0
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‘ Difference between ground and sky data is > 3dB 2.0 ‘

(G01.4) Perform the gain and temperature calibration using the procedure corresponding to

Tab 4.
Solution:
Region chosen for masking the contaminating line 3.0
Value of Tsys 2.0
Correct gain 2.0

(G01.5) Now for each observation ‘/.csv‘, use Tab 5 to obtain the temperature spectrum at the 5
different longitudes £.
(G01.5a) Determine the most redshifted frequency fops of the HI line (which has a tem-
perature of 5 K above the baseline) corresponding to a given Galactic longitude
(¢), and tabulate in the Summary Answersheet.

Solution:
Galactic Longitude | fops [MHz]
30° 1420.0207
40° 1420.0288
50° 1420.1096
60° 1420.1503
70° 1420.2479
Value of fops at 5K for 5 longitudes ‘ 10.0 ‘
Bonus for completing all 5 measurements 4.0
Baseline coinciding with 0 in the line temperature curve for 5 longitudes 5.0
(GO1.5b) Calculate v3>s,, (£) and v%(¢) and tabulate in the Summary Answersheet.
Solution:
Galactic | v (0) | v8a(0)
Longitude | [kms™!] | [kms™!]
30° 81.325 73.841
40° 79.615 67.813
50° 62.549 46.788
60° 53.953 34.713
70° 33.339 11.261
‘ Value of v@25, () for 5 longitudes ‘ 5.0 ‘
‘ Value of V{3 () for 5 longitudes ‘ 5.0 ‘







