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Abstract 
 
We present an analysis on the performance of Cassegrain reflector antennas. In our study, we have 
adopted the design parameters for the Cassegrain configuration used in the Atacama Large Millimeter 
Array (ALMA) project. We have adjusted the focal-length-to-diameter ratio f/D of the primary reflector 
to investigate the optimum performance of the antenna. In our study, signal frequency at the high edge 
of ALMA band 1, i.e. 45 GHz has been selected. The results obtained from the physical optics 
simulation show that the aperture efficiency of the antenna is at its optimum (i.e. 80.36%) when f/D 
ranges from 0.5 to 0.6. The radiation characteristics at this range of ratio are found to be similar. The 
radius of the secondary reflector and edge taper Te which correspond to the optimum aperture 
efficiencies ranges from 371 mm to 372 mm and 10.64 dB to 10.75 dB, respectively. 
 
Keywords: Cassegrain antenna, edge taper, spillover efficiency, taper efficiency, aperture efficiency, 
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INTRODUCTION 
 

In ground-based radio astronomy, radio telescopes are widely used 

to observe naturally occuring signal emission from celestial objects, 

such as stars and planets (Yeap et al., 2013; Phillips and Keene, 1992; 

Cheng et al., 1994; Wotten, 2008; Yeap et al., 2011). The typical radio 

telescope consists of four main parts, namely main reflector, 

subreflector, elevation wheel and azimuth bearing, as shown in Fig. 1. 

The performance of telescope can be enhanced with large aperture of 

the reflector to achieve high precision and sensitivity (Chen et al., 

2016). 

 

 
 
Fig. 1 Structure of radio telescope. (Photograph by CSIRO, distributed 
under a CC-BY 3.0 license.) 

In radio telescopes, circular parabolic reflector antennas are used to 

obtain large collecting areas and high angular resolution over a wide 

range of frequencies. There are various geometrical configurations for 

the reflector antennas. One of the most commonly used configurations 

is the Cassegrain antenna. Examples of radio telescopes that implement 

the Cassegrain antenna are the Atacama Large 

Millimeter/submillimeter Array (ALMA) telescope (Gonzalez et al., 

2011; Tham, Yassin and Carter, 2007; Candotti, Baryshev and Trappe, 

2007) and the Crawford Hill telescope (Rusch, 1992; Courtney-Pratt, 

Hett and McLaughlin, 1963; Milligan, 2005). As shown in Fig. 2, a 

Cassegrain antenna consists of a primary and secondary reflectors. The 

size of the primary reflector is larger than its secondary counterpart. 

The secondary reflector has to be in hyperboloid form and is mounted 

below the focal point of the primary reflector. 

In this paper, the aperture efficiency is numerically investigated 

where the design parameters for optimum performance for the 

Cassegrain antenna configuration is evaluated. 

 

 

Fig. 2 A Cassegrain reflector antenna. 

RESEARCH ARTICLE 



 Yeap et al. / Malaysian Journal of Fundamental and Applied Sciences Vol. 13, No. 3 (2017) 237-239  

 

238 

DESIGN 
 

In our analysis, we have adopted the parameters used in the design 

of the Cassegrain antenna for the ALMA telescope. Table 1 summarizes 

the key parameters for the design. Here, we vary the focal length f to 

diameter D ratio of the primary reflector from 0.1 to 1.0 to investigate 

how it affects the performance of the antenna. We compute the spillover 

efficiency εs and plot the radiation patterns of the antennas using 

GRASP physical optics compiler. The edge taper Te, aperture efficiency 

εa and taper efficiency εt are then determined using the following 

expressions (Yeap et al., 2016; Goldsmith, 1998): 
 

Table 1 Parameters for the reflector antennas. 
 

Description Data 

Primary reflector diameter, D 
Distance between foci relative to primary 

reflector focal length 
Secondary reflector eccentricity, e 

12 m 
1.287 m 

 
1.105 

 
Table 2 Performance of the Cassegrain antenna (focal-length-to-
diameter ratio f/D, secondary reflector radius rs, edge taper Te, spillover 
efficiency εs, taper efficiency εt, aperture efficiency εa). 
 

f/D rs (mm) Te (dB) εs (%) εt (%) εa (%) 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

535 

399 

381 

375 

372 

371 

370 

369 

369 

369 

10.43 

10.85 

10.91 

10.86 

10.75 

10.64 

10.50 

10.34 

10.17 

10.00 

90.94 

91.79 

91.90 

91.79 

91.59 

91.36 

91.09 

90.75 

90.39 

90.01 

87.08 

87.38 

87.39 

87.53 

87.74 

87.96 

88.21 

88.51 

88.79 

89.09 

79.19 

80.20 

80.31 

80.34 

80.36 

80.36 

80.35 

80.32 

80.26 

80.19 
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where ra and rs denote the primary and secondary reflector radius, 

respectively. It is to be noted that rs is not fixed in this case and it varies 

in accordance to the f/D ratio. 

 

 

RESULTS AND DISCUSSION 
 

Table 2 tabulates the efficiencies and edge tapers of the design. 

Although variations exist at different f/D ratios, it can be observed from 

the table that the spillover, taper and aperture efficiencies are somewhat 

close to each other. Fig. 2 depicts the overall aperture efficiencies 
εa as 

f/D varies. As it can be seen from Table 2 and Fig. 3, εa reaches its peak 

at 80.36% when f/D is set between 0.5 and 0.6. It indicates that 
the 

performance of the antenna is at its optimum when the radius of the 

secondary reflector ranges from 371 mm to 372 mm whereas the edge 

taper Te ranges from 10.64 dB to 10.75 dB. The radiation patterns for 

the antenna design with f/D = 0.5 and 0.6 are shown in Fig. 4. Upon 

close inspections on the radiation patterns, it can be observed that the 

magnitudes of the main and side lobes agree very closely with each 

other. 

 

 
 
Fig. 3 Aperture efficiency at different primary reflector focal-length-to-
diameter f/D ratio. 

 

 
(a) 

 
(b) 

 
(c) 

 
Fig. 4 The beam patterns of f/D = 0.5 (solid line) and 0.6 (dotted line) for 
a Cassegrain antenna, at f = 45 GHz for observations at φ = (a) 0o, (b) 
45o, and (c) 90o. 
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CONCLUSION 

 

We have compared and analyzed the performance of a Cassegrain 

antenna with different primary reflector focal-length-to-diameter f/D 

ratio. The results show that the antenna design obtains an optimum 

aperture efficiency of 80.36% when f/D = 0.5 to 0.6. This corresponds 

to the radius of the secondary reflector and edge taper which ranges 

respectively from 371 mm to 372 mm and 10.64 dB to 10.75dB.  

 
 
ACKNOWLEDGEMENT 
 

Part of this work has been supported by the Fundamental Research 

Grant Scheme FRGS funded by the Ministry of Education, Malaysia 

(FRGS/2/2013/SG02/UTAR/02/1) and Universiti Tunku Abdul 

Rahman research fund UTARRF (IPSR/RMC/UTARRF/2014-

C1/Y03). 

 

 

REFERENCES 
 

Candotti, M., Baryshev, A. M., Trappe, N. 2009. Quasi-optical assessment of 
the ALMA band 9 front-end, Infrared Physics and Technology, 52, 174 – 179. 

Chen, D., Wang, H., Qian, H., Zhang, G., Shen, S. 2016. Solar cooker effect test 

and temperature field simulation of radio telescope subreflector, Applied 
Thermal Engineering, 109, 147 – 154. 

Mather, J. C., Cheng, E. S., Cottingham, D. A., Eplee, R. E. Jr., Fixsen, D. J., 

Hewagama, T., Isaacman, R. B., Jensen, K. A., Meyer, S. S., Noerdlinger, P. 
D., Read, S. M., Rosen, L. P., Shafer, R. A., Wright, E. L., Bennett, C. L., 

Boggess, N. W., Hauser, M. G., Kelsall, T., Moseley, S. H. Jr., Silverberg, R. 

F., Smoot, G. F., Weiss, R., Wilkinson, D. T.  1994. Measurement of the 

cosmic microwave background spectrum by the COBE FIRAS instrument, 
The Astrophysical J, 420, 439 – 444. 

Courtney-Pratt, J. S., Hett, J. H., McLaughlin, J. W. 1963. Optical measurements 

on Telstar to determine the orientation of the spin axis, and the spin rate, J. 
Society of Motion Picture and Television Engineers, 72, 462 – 484. 

Goldsmith, P. F. 1998. Quasioptical Systems: Gaussian Beam, Quasioptical 

Propagation and Applications, New York: IEEE Press. 

Gonzalez, A., Uzawa, Y., Fujii, Y., Kaneko, K. 2011. ALMA band 10 tertiary 

optics, Infrared Physics and Technology, 54, 488 – 496. 

Phllips, T. G., Keene, J. 1992. Submillimeter astronomy (heterodyne 
spectroscopy), Proceedings of the IEEE, 80, 1662 – 1678. 

Milligan, T. A. 2005. Modern Antenna Design. (2nd ed.). US: Wiley Interscience. 

Rusch, W. 1992. The current state of the reflector antenna are – entering the 
1990s, Proceedings of the IEEE, 80, 113 – 126. 

Tham, C. Y., Yassin, G., Carter, M. 2007. Analysis techniques for the optics in 

millimeter/submillimeter wave radio telescope receivers, Jurnal Fizik 
Malaysia, 28, 49 – 53. 

Wotten, A. 2008. ALMA capabilities for observations of spectral line emission, 

Astrophysics and Space Science, 313, 9 – 12. 

Yeap, K. H., Loh, M. C., Tham, C. Y., Yiam, C. Y., Yeong, K. C., Lai, K. C. 

2016. Analysis of reflector antennas in radio telescopes, Advanced 

Electromagnetics, 5, 3, 32 – 38. 

Yeap, K. H., Law, Y. H., Rizman, Z. I., Cheong, Y. K., Ong, C. E., Chong, K. 

H. 2013. Performance analysis of paraboloidal reflector antennas in radio 

telescopes, International Journal of Electronics, Computer, and 
Communication Technologies, 4, 21 – 25. 

Yeap, K. H., Tham, C. Y., Yeong, K. C., Chong, K. H., Rizman, Z. I., Yang, C. 

C. 2011. Analysis of normal and superconducting coplanar waveguides in 
radio astronomy, International Journal of Electronics, Computer, and 

Communication Technologies, 2, 9 – 12. 
 

 
 

 

 

 

 


