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C63.4-2014 4.5 Antenna  Table 2  Technical 
f  

The aperture dimensions of these horn 

antennas shall be small enough so that the 

measurement distance (in m) is equal to or 

greater than the Rayleigh (far-field) 

distance (i.e., Rm = 2D
2
 /λ), where D is the 

largest dimension of the antenna aperture 

(in m) and  is the free-space wavelength (in 

m) at the frequency of measurement. 

 

As the statement above, does it mean the 

different aperture of horn antennas need to 

be changed if the test distance is fixed at 

3m for 1 to 18GHz for meet far field 

condition? For example Schwarzbeck 

9120D with aperture 0.2832m, the test 

distance at 3 meter then it only applicable 

up to 6GHz? And we need to change 

another aperture antenna for above 6GHz? 

See the attached files. 

 

Based on the information and considerations below, the cited footnote f of 

ANSI C63.4-2014, as well as the same text in the first sentence of the 

second paragraph of 4.5.5 therein, is not intended to preclude the use of 

double-ridge waveguide horns (such as Schwarzbeck 9120D) for 3 m 

product emission measurements in the frequency range 1 GHz to 18 GHz. 

 

Please note also that per the Operating Procedures for Accredited 

Standards Committee C63
®
—Electromagnetic Compatibility (EMC) (June 

21, 2016) (available at the ASC C63
®
 website), interpretations such as this 

may provide:  

“meaning or clarification to a portion of a standard when it … appears to 

be contradicted in normative references or other clauses in the standard.”  

In addition, per the Operating Procedures:  

  “[a]mendments or revisions to published standards are not made via an 

interpretation …”. 

 

At the 11 May 2017 meeting of ASC C63
®
, the committee voted to 

include the change in the measurement distance to D
2
/2λ as part of the 

equation corrections in the approved C63.4a/D1.04 amendment to 

C63.4-2014.  The amendment is due to be published shortly. ANSI 

C63.4a-2017 was published 13 Oct. 2017. As part of the open revision 

project, the amendment also will automatically be included in the full 

revision of C63.4-2014. Thus this issue will be resolved by C63.4a and in 

the full revision of C63.4-2014. 

 

See the discussion below for additional supporting information. 
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ANSI C63.5 (latest edition) is listed as a normative reference in Clause 2 of ANSI C63.4-2014, and therefore it is 

considered in the following discussion for the response to this interpretation request. 

 

Subclause 5.1.3.1 of ANSI C63.5-2017 states: 

 

a) 1) Calibration measurement antenna separation distance R: 

 

i) No calibrations shall be performed at distances with λ3
62.0 DR < . 

 

ii) AFs measured at distances with  λλ 23
262.0 DRD <≤   shall be deemed acceptable at the calibrated 

distance. 

 

iii) AFs measured at distances with R ≥ 2D
2
/λ shall be deemed acceptable at the calibrated distance and greater. 

 

iv) In the preceding items, R is the separation distance, D is the largest linear dimension (e.g., width or height) of 

the aperture of the antenna (per IEEE Std 149-1979, Annex A), and λ is the wavelength at the frequency being 

considered, all in meters. 

 

Therefore, horn antenna factors are valid ONLY for the calibrated distance, unless (1) the far field requirement of distance 

R ≥ 2D
2
 / λ is met, and (2) the antenna is not calibrated at a distance less than R = λ3

62.0 D .  

 

So, for the Schwarzbeck 9120D antenna with aperture (mouth) dimensions L = 0.245 m and W = 0.142 m, the aperture 

diagonal D = 0.2832 m, D
2
 = 0.0802 m

2
. Note that use of the aperture diagonal for these range length considerations is 

consistent with for example the popular textbook by Balanis,
1
 whereas ANSI C63.5-2017 5.1.3.1 a) iv) considers D as the 

“largest linear dimension (e.g., width or height)” (i.e., consistent with Annex A of IEEE Std 149-1979). For convenience, 

the table below shows parameters based on both the aperture diagonal and the aperture largest linear dimension (length L = 

0.245 m, L
2
 = 0.06 m

2
).  

 

Per the preceding ANSI C63.5-2017 provisions, the Schwarzbeck 9120D antenna can be calibrated at a 3 m distance from 

1−18 GHz, and therefore can be used for emission measurements at 3 m from 1−18 GHz.  From 1−5.9 GHz, the distance is 

greater than 2D
2
/λ, so it satisfies the far-field condition, and can be used for any far-field measurements.  Between 5.9 GHz 

and 18 GHz, the distance is greater than λ3
62.0 D  as required by ANSI C63.5-2017, but shorter than 2D

2
/λ, so it is only 

valid for the specific calibration distance, which in this case is 3 m. 

 

 

f, GHz λ, m
 

0.62√√√√(D
3
/λ) D

2
/λ 0.5 D

2
/λ 2 D

2
/λ 0.62√√√√(L

3
/λ) L

2
/λ 0.5 L

2
/λ 2 L

2
/λ 

1 0.3 0.17 0.267 0.134 0.534 0.14 0.2 0.1 0.4 

6 0.05 0.42 1.604 0.802 3.208 0.34 1.2 0.6 2.4 

12 0.025 0.59 3.208 1.604 6.416 0.48 2.4 1.2 4.8 

18 0.016 0.72 4.812 2.406 9.624 0.58 3.6 1.8 7.2 

 

 

Concerning the term “Rayleigh distance” used in ANSI C63.4-2014, in preparing this interpretation an authoritative and 

uniformly applied definition was not found in a relatively extensive survey of literature at the ieeexplore website and in 

numerous electromagnetics and antennas textbooks. Since about the 1950s and through today, different publications have 

used “Rayleigh distance” to refer to either 2D
2
/λ or D

2
/2λ.  

 

                                                           
1 Balanis, C.A., Antenna Theory: Analysis and Design, 4th Edition, 2016, pg. 161. 
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As originally inserted in the 1992 edition of ANSI C63.4-1992, the convention Rm = D
2
/2λ was actually used for Rayleigh 

distance, further to its use in a 1967 NBS report.
2
 As shown in the table above, typical 1−18 GHz double-ridged horns 

readily meet the original D
2
/2λ requirement. It is notable that CISPR 16-1-4 also specifies the D

2
/2λ spacing for horn 

antennas; e.g., 4.6 in Ed 3.1 of that document. 

 

The 2003 revision of ANSI C63.4 changed the equation for Rayleigh distance to Rm = 2D
2
/λ, as well as changed the term 

to “Rayleigh (far-field) distance.” Although relevant working group records were not available while preparing this 

interpretation, presumably the change was due to popular use of the latter as the Fresnel-Fraunhofer boundary far-field 

distance criterion, for example as in antenna textbooks of this generation such as Balanis, Kraus, and Stutzman and Thiele. 

 

As stated earlier in this document, this interpretation is being provided to the relevant ASC C63
®
 SC1 working group, to 

serve as a request for the matter to be considered for change in the next revision of ANSI C63.4. 

 

 

 

                                                           
2 Beatty, R.W., Discussion of Errors in Gain Measurements of Standard Electromagnetic Horns, NBS Technical Note 351, March 1967, 

(http://nvlpubs.nist.gov/nistpubs/Legacy/TN/nbstechnicalnote351.pdf). 
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ATTACHMENT 1 OF 2 TO ORIGINAL INTERPRETATION REQUEST: 
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ATTACHMENT 2 OF 2 TO ORIGINAL INTERPRETATION REQUEST: 

 

 
 

formulas: 

 


