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NRSC-R100 

 
FOREWORD 

 
NRSC-R100, Consumer Testing of AM Broadcast Transmission Bandwidth and Audio Performance 
Measurements of Broadcast AM Receivers, documents a study performed by NPR Labs to determine 
whether consumers reliably perceive audio quality differences of AM transmissions at various bandwidths 
and whether these perceptions would lead consumers to change their listening behaviors.  The AMB 
Subcommittee co-chairman at the time of adoption of NRSC-R100 were Jeff Littlejohn and Stan Salek; 
the NRSC chairman at the time of adoption was Charles Morgan. 
 
The NRSC is jointly sponsored by the Consumer Electronics Association and the National Association of 
Broadcasters.  It serves as an industry-wide standards-setting body for technical aspects of terrestrial 
over-the-air radio broadcasting systems in the United States. 
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1 Executive Summary 

This study was conducted to determine whether consumers reliably perceive audio 
quality differences of AM transmissions at various bandwidths, recorded through 
commercially available receivers, and whether these perceptions would lead consumers 
to change their listening behavior.   

Under the supervision of the NRSC’s AM Study Task Group, laboratory measurement 
of consumer AM receivers was completed in late 2005, establishing that the majority of 
these  receivers have audio bandwidths of 5 kHz or less.  Based on those findings, 
subjective testing was designed and conducted in two phases between February and 
May, 2006.  In Phase 1, “broadcast-industry” participants determined an intermediate 
bandwidth, between 5 kHz and 10 kHz,1 to be included in the consumer test (7 kHz was 
selected).  In Phase 2, consumers judged which transmission bandwidth at 5 kHz, 7 kHz 
or 10 kHz had better quality, the magnitude of the differences and whether they would 
continue to listen to the radio, given the quality of each of the samples.  Testing 
included audio samples impaired by first-adjacent channel interference in addition to 
unimpaired reception.  Consumer test results suggest the following: 

• Perceived differences in audio quality between 5, 7, and 10 kHz bandwidth were 
small for most genres.  For music, commercials and sportscasts, little difference 
was heard between 7 and 10 kHz, regardless of adjacent channel interference 
conditions.  For speech, which does not mask noise and interference, larger 
differences were perceived, based on impairment conditions. 

• In unimpaired or slightly impaired conditions (as determined by the desired-to-
undesired signal ratio, D/U), people tended to prefer higher bandwidths to lower 
bandwidths.  However, 7 and 10 kHz had equal preference. 

• With speech in moderate to heavy impairment conditions participants preferred 
lower bandwidths (5 and 7 kHz) to higher bandwidths, despite a mutual 
reduction in transmission bandwidth on the desired channel. 

• The data suggest that the rather substantial “turn-off” rate with heavy 
impairment can be ameliorated by using a lower transmission bandwidth. 

Overall, although there was some variation in preference between genres and D/U 
ratios,  the data strongly suggest that in general consumers preferred lower bandwidths 
(between 5 and 7kHz) to higher bandwidths.   

                                                           
1 10 kHz is the bandwidth specified in NRSC Standards –1, -2, and –3, and is also the maximum transmission 
bandwidth allowable under FCC rules. 
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differences in slope.  Wide variation among the tested receivers made the choice of a 
“dB down” reference point for bandwidth comparison more difficult.  For example, the 
1995 Chevrolet Camaro radio has a -3 dB frequency of 3.7 kHz, while the 2002 Ford 
Mustang radio’s -3 dB frequency is 3.2 kHz (both relative to 1 kHz).  However the 
cutoff slope of the Mustang radio is less steep than the Camaro radio, making the -3 dB 
point less representative of the audible frequency cutoff in AM receivers.  Thus, a 
frequency cutoff of -10 dB was chosen for comparison.  For the -10 dB cutoff points, 
the Camaro audio bandwidth is 4.3 kHz and the Mustang’s is 6.1 kHz.  The choice of 
-10 dB reference was reinforced by receiver listening tests during measurement, in 
which -10 dB correlated better with audible bandwidth than other reference points. 

Figure 18 - Frequency Response mean and standard deviation for all tested receivers 
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Figure 18 illustrates the combined frequency response of all receivers through the test 
bed (blue line), with the -3 dB point at 2450 Hz and the -10 dB point at 4100 Hz.  The 
overall variation in audio bandwidths is shown by the standard deviation for the entire 
test population in green (σ+1) and brown (σ-1).  For example, first-order standard 
deviation at the -10 dB point is approximately -2.6 dB and -17.2 dB, a range of 14.6 dB. 

Table 4 - Summary of frequency response for all receiver groups 

Receiver Category -3 dB Frequency 

(Hz) 

-10 dB Frequency 

(Hz) 

Home Stereo 2325 3775 

Shelf/mini systems 3175 4725 

Portable/CD boom box 2631 4550 

Clock 3250 5525 

Car In-dash 2725 4175 

HD Radio (car) 4000 4700 

OEM car 3200 4580 
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Table 4 summarizes the mean -10 dB frequencies by receiver category.  It is notable 
that the category of widest response is the clock radio, which is the group with lowest 
unit cost.  This may be due to relatively low-cost designs having the fewest frequency-
selective components that limit audio bandwidth, or to the use of filter devices with less 
“Q”, or both.  However home stereos exhibited the poorest audio bandwidth, despite the 
opportunity to use more sophisticated RF and IF filter designs.  OEM car radios exhibit 
a noticeably wider bandwidth than the after-market car radios. 

Some of the tested radios showed a rise in frequency response below 1 kHz, which 
combined with the narrow bandwidth to make these radios sound even more “boomy” 
and deficient in highs.  All the radios exhibited an increasing rate of roll off with 
frequency, so that slopes above the -10 dB point became very steep.  Consequently, 
within a fraction of an octave above the -10 dB frequency most receiver measurements 
are dominated by noise.  Some receivers with high noise level, such as the Chevrolet 
Suburban OEM radio, were re-tested at a higher RF level in an attempt to measure 
higher frequency bandwidth. 

In addition to basic signal to noise ratio under unimpaired transmission conditions, each 
receiver was evaluated for change in WQP (psophometer-based) signal to noise ratio 
with an adjacent channel interference (±10 kHz).  Measurements were performed using 
three different audio transmission bandwidths and desired-to-undesired RF signal ratios 
of +30, +15, +6 and 0 dB.  A table showing separate signal WQP to noise ratios for 
upper and lower channel interference is included with each receiver in Appendix K. 

Figure 19 - SNR Changes with Adjacent Channel Interference for 5, 6 and 7 kHz 
Transmission Bandwidths Relative to 10 kHz 
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The upper and lower adjacent channel interference noise measurements of each receiver 
were averaged, and those receivers with WQP SNR measuring at least a 2 dB above 
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their unimpaired (interference-free) noise floor were included in combined results.6  The 
effect of transmission bandwidth on WQP SNR the combined group of receivers is 
summarized in Figure 19.  It is apparent that transmission with a 5 kHz bandwidth at 
+6 dB D/U reduces interference noise by 11.4 dB compared to the 10 kHz (NRSC-1) 
reference.  Differences with 6 and 7 kHz are 8.6 and 5.0 dB, respectively, at this D/U 
ratio.  The audible differences at +30 dB D/U were actually larger than measured 
because the changes in interference noise at lower transmission bandwidths were 
obscured by the measured WQP noise level of receivers with high internal noise. 

3.4 Audio and RF Connection Notes 

All audio measurements were collected from the headphone jack, where available.  This 
included most receivers in the test group except car radios and two table radios.  The 
audio outputs of all car radios were measured at the Left Channel loudspeaker terminals 
with an 8-ohm non-inductive high-power resistor.  Two of the receivers lacked 
headphone jacks, the Boston Acoustics Recepter and the Sima Weather Alert.  For these 
sets, a calibrated Bruel & Kjaer instrumentation microphone was used to acoustically 
measure the audio performance.  Figure 20 shows the acoustic setup inside a four-sided 
box made of closed-cell blocks approximately 1’x4’x4’ to absorb stray reflections from 
floors, walls or ceilings that might disturb the frequency response measurements. 

 

Figure 20 - Acoustic testing of Sima table radio with Bruel & Kjaer instrumentation 
microphone inside acoustic box of 1-ft. thick closed-cell foam.  Magnetic field loop 

antenna also shown. 

Figure 20 also shows the Scott & Associates LP-3 Standard H-Field Loop that was used 
to radiate RF signals to receivers with supplied antennas.  These receivers employ either 
an internal ferrite rod antenna or an external wire loop antenna connected to the 
receiver’s antenna terminals.  In either case all measurements were made with the 
                                                           
6 The wideband noise response of the psophometer and the high internal noise level of many radios obscured the 
changes at occurring 15 dB and 30 dB D/U ratios.  To avoid substantially obscuring the noise differences at these 
higher D/U ratios four receivers having less than 2 dB WQP margin relative to unimpaired conditions were excluded 
from that combined data. 
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antenna (or entire receiver) inside a Ramsey Electronics STE-5000 shielded enclosure, 
providing at least 90 dB of isolation from electrostatic or electromagnetic fields in the 
lab environment.  While most receivers exhibited internal noise levels that were greater 
than the environmental noise, the audio signal-to-noise ratio of some receivers benefited 
from antenna operation inside the shielded enclosure.  The H-Field Loop was placed 
inside the enclosure and connected through a shielded bulkhead connector to the RF 
signal generator using double-shielded RG-58U cable.  The audio line from the receiver 
to the test bed was made through a shielded bulkhead connector.  For AC line-powered 
receivers operated inside the enclosure, the filtered feed-through coupling in the STE-
5000 was used. 

The placement and orientation of the antenna (or receiver cabinet) was tested with each 
receiver to determine the optimum signal coupling.  Experimental measurements prior 
to testing showed that frequency response was not affected by operating the H-Field 
Loop and receivers inside the STE-5000 shielded enclosure, relative to operation in an 
open-air configuration.  For receivers using H-Field Loop coupling the signal power 
levels reported herein are the RF output powers of the signal generator.  Due to 
magnetic coupling losses the actual RF power transferred to the antenna circuits in 
receivers is substantially less than the listed values. 
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Appendix A - Recording Test Bed 
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Appendix B - Experimenter’s Instructions 

AMSTG Pilot Listening Study 
Guidelines for Participants 

 
Hello! 

Thank you very much for participating in the AMSTG pilot study.  Your input is both 
necessary and much appreciated. 

The following are guidelines that you should use during your listening session.  
BEFORE STARTING THE TEST please read these guidelines carefully.  If you have 
any questions, please direct them to Ellyn Sheffield, egsheffield@comcast.net, 
egsheffield@salisbury.edu, or call 410-726-7301 (my cell). 

FOR SHIPPING/MAILING INSTRUSTIONS, SEE THE LAST PAGE. 

EQUIPMENT 

You should have received the following: 

• set of Sennheiser headphones with mini (1/8”) stereo phone plug 
• CDs, with 27 and 28 play list folders (total of 55 trials) 
• 55 Trial Sheets 
• envelopes with trial forms (first recipients) or 1 envelope (second recipients). 
 

INSTRUCTIONS FOR TESTING 

Please conduct this listening test in a quiet environment – free from as much 
environmental noise as possible (including both steady state and temporal impairments). 

Each CD contains a copy of Media Player Classic, which can play the audio WAV files 
without installation or reconfiguration on your computer.  It also contains a small “.inf” 
file that will automatically launch Media Player Classic when the CD is loaded in your 
computer’s CD drive (if CD Auto run is enabled).  Note: the player is intended for 
Windows PCs, not Mac computers.  (However, as the program software runs without 
installation on the participant’s computer, the file selection and playback must be 
controlled manually.  We apologize for the inconvenience.) 

First, connect your headphones directly to your computer’s headphone jack.  On 
desktop PCs this may be the Line Output jack, and may require unplugging external 
speakers. 

Insert the CD labeled #1 in the CD drive.  Media Player Classic will launch on the 
screen.  Click File, Open File; and then the Browse button to open the file manager 
window.  Navigate to the CD drive containing your audio test folders and open the 
folder 01.  Click on file T1A, click OK, then OK again; the first audio track will begin 
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playing.  Note: the player will repeat the track until the stop (“■”) button is clicked.  
The track may be replayed from the start by clicking the play (“►”) button. 

Make sure your volume is set to a “comfortable listening level”.  This is defined as a 
level that you can easily listen to, but one where you can hear impairments and minor 
differences.  For each person this level will be different.  Adjust the level by playing 
several of the tracks from the first folder.  Please do not adjust your listening level once 
you have started the test.  (Listening at different levels can affect your responses and 
make your listening experience invalid) 

Get all your response sheets out (caution: postage stamps are in the envelope!), making 
sure that the first one in the pile says “Trial 1”.  It is crucial that you check each 
response sheet against the individual play list you are listening to.  We do not have any 
way of ensuring that your data on a specific answer sheet matches the play list you have 
listened to except by your vigilance!  For your convenience, at the bottom of each slider 
bar we have written out the name of the sound file you are judging.  Please randomly 
check these against the sound files as you go along. 

Start with Trial 1 in the folder named “1”.  Notice that there are five audio WAV files in 
each folder.  The WAV files are labeled as follows: 

A trial ID (a letter and a number) and a letter (indicating the specific WAV file).  The 
important character for you to notice is the letter at the end.  For the first trial you will 
see files “T1A”, “T1B”, “T1C”, “T1D” and “T1E”.  These files correspond to the “A”, 
“B”, “C”,  “D”, and “E” on your answer sheet marked “Trial _1_”. 

Listen to all of the WAV files from start to finish in order (A, B, C, D, E).  After you 
are finished with the list, if you are undecided about your responses you may go back 
and play individual WAV files again in any order you choose.  Record your responses 
on the response sheet.  Do not proceed to the next play list until you have recorded all 
of your responses clearly.  Please complete your answer sheet in two ways.  First, as 
you listen, circle your answers on the vertical slider bars and check your responses in 
relationship to each other.  Second, fill in a unique number in each box below the slider 
bar.  If two answers are virtually identical, you must decide which sample is slightly 
better or worse, and assign a unique number to both.  Number assignments can be 
extremely close (for example, 34 and 35), but not the same. 

Do not return to a previous trial once you have moved on to another trial!   

Please complete 27 trials on CD #1 and then take at least a 10-minute break.  This is 
important so that you stay fresh during all of the trials.  After the break, please finish the 
other 28 trials on CD #2. 

Please do not take this test if you are: 

• Tired, cranky or otherwise indisposed 
• have a head cold or allergies (or any other condition that interferes with your 

ability to hear small differences) 
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• have too little time to complete the entire 55 trials in one sitting (2 listening 
sessions with a 10-minute break in between) 

• Instead, save the test for another time during the week. 
 
MAILING INSTRUCTIONS AFTER THE TEST IS COMPLETED 

If you are one of the first 18 participants, you received two envelopes, one for your trial 
sheets and the other for a second participant.  Your trial sheets should mailed using the 
postage-paid envelope to: 

Ellyn G. Sheffield, PhD 
Psychology Department, AW 406 
Salisbury University 
1101 Camden Avenue 
Salisbury, MD  21801 
 
Headphones should be re-shipped in the box provided.  For some of you, that will mean 
mailing headphones, both CDs and envelope with blank forms to a second participant.  
For others, it will mean mailing headphones and completed forms back to NPR. 

The first 18 participants will find a pre-printed mailing label for the second participant 
and sufficient postage for 1st Class mail in their envelope (marked #1 under the flap).  
Tape the enclosed mailing label for the second participant to the box, covering your 
original mailing label, and stick the 1st Class postage next to the label.  After sealing the 
box, please drop the package at any US Post Office. 

If you are one of the second group of participants, please cut out and tape the following 
address label and it to the box, covering the previous address labels: 

 
  John Kean 
  NPR Labs - National Public Radio 
  635 Massachusetts Ave. NW 
  Washington DC, 20001 
 
 

The 1st Class postage for return to NPR is enclosed in the remaining envelope (marked 
“#2”).  Please stick it to the box next to the label, seal the box and put it in the US 
Postal Service mail system for return to NPR. 

If you cannot return your own completed form sheets within 7 days, please contact 
Ellyn Sheffield and alternative arrangements will be made. 
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Appendix C - Answer Sheets Used In Broadcast Industry Testing 
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Appendix D -  Results By Cut And Receiver Bandwidth In Broadcast 
Industry Testing 

Condition Bandwidth
  Classical Country FemCom FemSp MaleCom MaleSp Pop Rock Sports
Unimpaired  5kHz 33.0 30.9 29.0 30.4 31.1 34.5 28.6 26.4 33.0

 6kHz 34.7 33.0 31.0 27.2 33.3 37.4 32.5 29.1 34.8
 7kHz 37.1 34.9 32.5 31.2 34.3 38.0 32.0 29.5 36.2
 8kHz 33.5 33.0 39.0 33.3 38.0 40.0 29.8 31.0
10kHz 34.3 32.4 33.1 30.7 33.0 37.8 30.4 29.6 31.0

+15dB  5kHz 31.8 29.4 29.9 29.5 33.2 31.8 28.8 27.7 32.0
 6kHz 31.7 31.6 31.3 32.4 34.8 32.9 31.7 29.1 31.9
 7kHz 30.1 32.4 32.9 31.9 36.8 29.3 33.1 29.1 33.1
 8kHz 26.3 32.2 31.6 27.1 36.1 26.4 33.3 28.9 30.5
10kHz 24.3 31.5 29.0 25.2 35.1 22.9 33.4 28.2 31.7

+6dB  5kHz 28.5 29.4 31.5 27.8 27.5 33.1 23.8 23.9 28.7
 6kHz 25.9 30.9 32.2 29.4 28.8 29.4 26.4 25.0 29.7
 7kHz 25.5 31.3 32.0 26.1 28.6 25.5 26.8 24.8 28.9
 8kHz 22.2 29.7 30.4 21.9 26.8 22.1 25.1 25.6 27.6
10kHz 22.5 30.0 27.3 18.5 25.8 17.2 25.2 25.4 27.1

Classical Country FemCom FemSp MaleCom MaleSp Pop Rock Sports
Unimpaired  5kHz 30.7 30.3 29.2 33.1 28.5 32.4 28.1 28.7 35.3

 6kHz 34.5 35.8 33.5 34.9 32.5 36.0 31.0 29.0 38.1
 7kHz 36.3 37.5 36.0 37.9 36.2 37.0 33.9 33.0 40.6
 8kHz 34.7 37.1 37.9 37.8 36.5 37.0 33.3 34.2 39.4
 10kHz 33.5 36.6 36.0 37.3 32.8 37.5 34.7 33.7 39.2

+15dB  5kHz 28.3 31.8 31.4 27.6 31.6 31.8 30.8 27.4 36.0
 6kHz 26.9 35.3 34.5 30.6 33.8 32.2 33.4 30.1 37.5
 7kHz 29.6 36.4 35.7 31.7 37.2 33.2 35.4 32.6 38.2
 8kHz 27.2 37.6 36.1 25.0 35.5 27.4 34.0 34.2 36.4
 10kHz 25.5 37.7 34.3 23.8 36.3 26.0 34.3 32.6 36.2

+6dB  5kHz 31.8 30.0 22.9 24.3 22.2 20.0 24.8 26.6 31.1
 6kHz 30.2 28.5 22.2 22.7 22.3 19.1 23.8 24.2 30.2
 7kHz 25.3 28.0 22.5 22.6 20.2 15.6 23.8 24.9 29.4
 8kHz 22.9 28.3 19.9 20.3 19.9 15.1 23.8 25.2 28.7
 10kHz 22.0 27.6 18.3 17.5 19.8 12.6 23.4 25.8 29.1

Median Receiver

80% Receiver
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Appendix E - Experimenter Script For Consumer Test  

Experimenter Script for Consumer Test 
 

Welcome to our session!  Today you will be participating in a listening experiment, which should last 
about 2 hours.  You will be listening to music and speech samples over a loudspeaker.  We aren’t going 
to tell you what you are listening to right now, but we can tell you that your responses are going to help 
the radio industry find the best way of transmitting radio shows to you. 
 
Your basic mission in this test is to tell us whether you hear differences in pairs of samples.  We will play 
2 samples, side-by-side, and you will be asked to report a few things:  (a) whether you heard a difference 
between the samples; (b) how much of a difference you heard; and (c) whether either or both of the 
samples would be unacceptable to you if you were listening on your car or home radio.  Occasionally you 
will come across 2 samples that you believe are equal in quality.  This is ok.  We know that the 
differences are very small and that you may feel like you are “guessing”.  Other times the differences will 
be large, and you’ll be very sure of yourself. 
 
A few details: 
1.  You can change the listening level during your first trial, but you may not change that level during the 
rest of the test.  So, make sure the level you are listening at is comfortable before you start!  I will help 
you determine this level when you start. 
 
2.  When you are done with a section, you should take a break!  We really don’t want you going through 
the test too quickly, as you may start to fatigue. 
 
3.  The test is long.  Pace yourself and try to answer as quickly as possible after you have made a 
decision.  On the other hand, don’t rush through without thinking – you will not have an opportunity to 
revisit previous trials once you’ve pushed the “continue” button. 
 
 
Experimenter: 
1. Make sure of the following: 

a. The listener is positioned at the back end of the rug (so that the consumer is sitting about 6 feet 
from the speaker) 

b. The curtains are drawn on BOTH walls 
c. The speaker is turned on 
d. The keyboard is taken away during the test, so that the consumer only has a mouse to use 
e. ALL CELL PHONES MUST BE TURNED OFF DURING THE TEST (that includes the 

consumer’s phone as well as your own phone) 
f. The door to the outside hall is shut at all times while the test is running. 

2. Co to My computer – click on Local Disk (C:) – click on AMSTG – Click on test tool. 
 



 39

Appendix F Listener Test Data Arranged by Receiver Bandwidth 

Rcvr. D/U Freq. Comb. 
(kHz) 

Neither 
Sample 

A not B B not A Both 
Sample 

5/10 18 13 64 185 

5/7 22 15 58 185 

30 dB 

7/10 23 16 17 224 

5/10 35 30 51 164 

5/7 29 21 42 188 

15dB 

7/10 31 30 24 195 

5/10 80 66 22 112 

5/7 83 29 18 150 

20% 

6 dB 

7/10 94 40 16 130 

5/10 19 8 25 228 

5/7 12 8 19 241 

30 dB 

7/10 17 11 11 241 

5/10 19 53 14 194 

5/7 14 16 21 229 

15 dB 

7/10 26 53 10 191 

5/10 45 82 16 137 

5/7 44 39 19 178 

Median 

6 dB 

7/10 64 60 14 142 

5/10 15 11 32 222 

5/7 17 8 22 232 

30 dB 

7/10 11 9 16 244 

5/10 40 50 25 165 

5/7 35 20 26 199 

15 dB 

7/10 45 42 11 182 

5/10 78 75 12 115 

5/7 94 22 8 156 

20% 

6 dB 

7/10 100 45 12 123 

Grand Total 1110 872 625 4592 
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Appendix G Listener Data Arranged by Transmission Bandwidth 

Trans. BW Rcvr. D/U Ratio Commercial Music Speech Sports 

30dB 2 13 10 2 

15dB 4 16 28 3 

20% 

6dB 12 25 50 8 

30dB 1 5 7 1 

15dB 2 14 54 1 

Median 

6dB 10 33 78 3 

30dB  4 9 5 

15dB 10 17 45 1 

5 kHz 

80% 

6dB 17 29 50 6 

30dB 16 28 20 11 

15dB 11 20 35 10 

20% 

6dB 7 17 29 6 

30dB 6 12 8 7 

15dB 9 15 44 6 

Median 

6dB 14 17 41 7 

30dB 5 14 9 3 

15dB 13 17 32 4 

7 kHz 

80% 

6dB 6 17 31 4 

30dB 10 44 16 11 

15dB 12 42 6 11 

20% 

6dB 4 21 3 9 

30dB 3 17 6 9 

15dB 2 11 2 7 

Median 

6dB 1 19  7 

30dB 3 23 13 10 

15dB 6 17 3 9 

10 kHz 

80% 

6dB  8  6 
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Appendix H Table of Consumer Test results by individual cut 

 
Classical Country FemaleCommercial
5kHz 7kHz 10kHz 5kHz 7kHz 10kHz 5kHz 7kHz 10kHz

20% +30dB 0.27 0.38 0.35 0.18 0.32 0.51 0.14 0.43 0.43
+15dB 0.28 0.38 0.34 0.18 0.38 0.44 0.23 0.38 0.38
+6dB 0.47 0.38 0.16 0.26 0.38 0.36 0.38 0.38 0.25

Median +30dB 0.27 0.41 0.33 0.33 0.38 0.30 0.31 0.43 0.27
+15dB 0.43 0.34 0.23 0.35 0.31 0.34 0.31 0.41 0.28
+6dB 0.51 0.35 0.14 0.40 0.28 0.32 0.35 0.47 0.18

80% +30dB 0.28 0.32 0.40 0.32 0.33 0.36 0.20 0.39 0.41
+15dB 0.39 0.29 0.32 0.29 0.28 0.43 0.30 0.42 0.28
+6dB 0.49 0.38 0.13 0.43 0.35 0.22 0.58 0.38 0.03

FemaleSpeech MaleSpeech Rock Sports
5kHz 7kHz 10kHz 5kHz 7kHz 10kHz 5kHz 7kHz 10kHz 5kHz 7kHz 10kHz

20% +30dB 0.23 0.44 0.33 0.28 0.40 0.32 0.19 0.34 0.47 0.18 0.36 0.47
+15dB 0.42 0.51 0.08 0.37 0.47 0.17 0.19 0.33 0.48 0.15 0.43 0.42
+6dB 0.50 0.43 0.08 0.55 0.40 0.05 0.20 0.35 0.45 0.27 0.36 0.38

Median +30dB 0.36 0.38 0.27 0.25 0.42 0.33 0.24 0.45 0.31 0.20 0.38 0.43
+15dB 0.48 0.47 0.05 0.51 0.43 0.06 0.33 0.37 0.31 0.24 0.33 0.43
+6dB 0.58 0.42 0.01 0.63 0.34 0.03 0.27 0.42 0.32 0.34 0.39 0.27

80% +30dB 0.26 0.38 0.37 0.21 0.40 0.39 0.21 0.39 0.40 0.25 0.31 0.44
+15dB 0.52 0.40 0.08 0.53 0.40 0.07 0.30 0.35 0.35 0.23 0.36 0.42
+6dB 0.58 0.39 0.03 0.63 0.35 0.03 0.43 0.33 0.23 0.30 0.33 0.37  
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Appendix I   - Table of Complete Results of Magnitude of Preference 

10kHz 5kHz 7kHz
All 3 
kHz

None of 
the 3 
kHz

Classical 20% +30dB 0.05 0.04 0.05 0.83 0.03
+15dB 0.05 0.07 0.06 0.76 0.07
+6dB 0.01 0.14 0.06 0.50 0.29

Median +30dB 0.03 0.02 0.03 0.88 0.05
+15dB 0.02 0.05 0.03 0.84 0.06
+6dB 0.02 0.20 0.08 0.49 0.22

80% +30dB 0.05 0.00 0.02 0.91 0.03
+15dB 0.03 0.08 0.06 0.76 0.08
+6dB 0.03 0.13 0.08 0.62 0.15

Country 20% +30dB 0.18 0.03 0.08 0.67 0.03
+15dB 0.10 0.03 0.06 0.75 0.06
+6dB 0.05 0.06 0.04 0.63 0.23

Median +30dB 0.05 0.01 0.03 0.88 0.04
+15dB 0.03 0.04 0.05 0.83 0.05
+6dB 0.05 0.05 0.01 0.71 0.18

80% +30dB 0.05 0.03 0.05 0.83 0.05
+15dB 0.07 0.01 0.06 0.78 0.08
+6dB 0.06 0.02 0.05 0.68 0.20

FemCommercial 20% +30dB 0.09 0.01 0.13 0.73 0.03
+15dB 0.11 0.03 0.08 0.71 0.07
+6dB 0.03 0.10 0.06 0.54 0.27

Median +30dB 0.03 0.02 0.04 0.88 0.03
+15dB 0.02 0.02 0.08 0.85 0.04
+6dB 0.02 0.08 0.11 0.70 0.09

80% +30dB 0.03 0.00 0.04 0.90 0.03
+15dB 0.05 0.08 0.11 0.72 0.04
+6dB 0.01 0.14 0.04 0.17 0.64

FemSpeech 20% +30dB 0.06 0.03 0.10 0.71 0.11
+15dB 0.03 0.16 0.18 0.46 0.18
+6dB 0.02 0.21 0.13 0.23 0.42

Median +30dB 0.03 0.03 0.03 0.88 0.05
+15dB 0.03 0.18 0.21 0.47 0.12
+6dB 0.00 0.27 0.21 0.21 0.32

80% +30dB 0.06 0.03 0.04 0.81 0.07
+15dB 0.04 0.14 0.12 0.35 0.35
+6dB 0.03 0.22 0.17 0.23 0.35

MaleSpeech 20% +30dB 0.08 0.06 0.07 0.59 0.21
+15dB 0.04 0.08 0.08 0.53 0.26
+6dB 0.03 0.21 0.09 0.22 0.45

Median +30dB 0.03 0.03 0.04 0.80 0.10
+15dB 0.01 0.25 0.16 0.48 0.11
+6dB 0.00 0.37 0.15 0.24 0.24

80% +30dB 0.05 0.04 0.04 0.81 0.06
+15dB 0.01 0.21 0.15 0.30 0.33
+6dB 0.01 0.18 0.07 0.15 0.59

Rock 20% +30dB 0.13 0.05 0.09 0.65 0.08
+15dB 0.19 0.03 0.07 0.63 0.09
+6dB 0.11 0.01 0.05 0.58 0.26

Median +30dB 0.06 0.03 0.04 0.78 0.09
+15dB 0.06 0.02 0.04 0.81 0.08
+6dB 0.11 0.02 0.05 0.70 0.13

80% +30dB 0.08 0.03 0.04 0.77 0.08
+15dB 0.03 0.06 0.04 0.79 0.08
+6dB 0.01 0.08 0.01 0.67 0.24

Sports 20% +30dB 0.09 0.02 0.09 0.77 0.03
+15dB 0.10 0.03 0.08 0.73 0.08
+6dB 0.07 0.07 0.06 0.58 0.23

Median +30dB 0.08 0.01 0.05 0.83 0.03
+15dB 0.05 0.02 0.05 0.84 0.04
+6dB 0.06 0.03 0.06 0.76 0.10

80% +30dB 0.08 0.04 0.03 0.81 0.04
+15dB 0.08 0.01 0.03 0.85 0.03
+6dB 0.06 0.04 0.03 0.78 0.09

Grand Total 0.05185 0.07487 0.0713 0.655 0.1468  
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Appendix J – Tested Receivers Ranked by Audio Bandwidth 

 

Receiver Category   Brand Radio Description Model

-10 dB 
Freq. 
(Hz)

-10 dB 
Freq. 
%ile

SNR, 
CCIR 
(dB)

SNR
%ile

THD, 
400 Hz 

(%)

THD
%ile

Color Coding

Shelf/mini system RCA Bookshelf System RS23035 2600 0% 41 55% 2.4 75% 20th percentile target
Clock Audiovox Electronics CD AM/FM Alarm Clock CE256 2800 3% 21 0% 2.3 62% median target
HD Radio JVC AM/FM/HD KD-SHX900 3000 6% 30 17% 0.8 20% 80th percentile target
Portable CD boombox Sony 400W Mini Hi-Fi Stereo CD Changer MHCGX450 3200 10% 49 82% 1.3 31%
Home stereo Pioneer 600W 6.1-Ch. A/V Home Theater VSX-D814K 3200 10% 31 20% 2.6 79%
Portable CD boombox Aiwa Hi-Fi Mini System - Silver JAX-S77 3300 17% 47 79% 0.7 10% 20th percentile receiver
Portable CD boombox Panasonic  Mini AM/FM Stereo Cassette Recorder RXFS430A 3400 20% 40 51% 0.7 10%
Portable CD boombox CCRadio PluCcrane CCRadio Plus 3400 20% 29 13% 3.5 96%
OEM auto Chevrolet 2002 Suburban 2500 15071234 3500 27% 27 6% 1.3 31%
Home stereo Sony 700W 7.1-Ch. A/V Home Theater STRDE697 3500 27% 45 72% 2.3 62%
Car in-dash CD Pioneer AM/FM/CD DEH-P6600 3600 34% 51 93% 1.1 27%
Shelf/mini system Sony Desktop Micro System CMTNE3 3600 34% 42 58% 1.9 51%
Portable CD boombox Emerson Portable CD Boombox PD6810 3600 34% 46 75% 2 55%
Shelf/mini system Bose  Wave Music System CD/AM/FM 3800 44% 31 20% 2.6 79%
Car in-dash cassette JVC  AM/FM/Cassette KS-FX490 3900 48% 50 89% 0.5 0% median receiver
Home stereo Yamaha 600W 6.1-Ch. A/V Home Theater HTR-5740 4100 51% 43 62% 2.3 62%
OEM auto Chevrolet 2000 Tahoe 15765006 4200 55% 33 31% 1.7 44%
OEM auto Chevrolet 1995 Camaro 16175961 4300 58% 31 20% 2.3 62%
Car in-dash cassette Sony AM/FM Cassette XR-F5100X 4400 62% 52 100% 0.8 20%
Home stereo Denon AM/FM multimedia DRA-295 4400 62% 34 37% 2.2 58%
Clock Boston AcouRecepter Digital AM/FM Dual Alarm Recepter-P 4500 68% 33 31% 4.1 100%
Car in-dash CD Kenwood AM/FM/CD KDC-3025 4800 72% 49 82% 0.6 3%
OEM auto Ford 2002 Mustang 2L2T-18C868-D 6100 82% 44 65% 0.7 10%
OEM auto Honda 2002 Accord P/N - 39100-S84 4800 72% 39 48% 1.8 48%
Portable CD boombox Grundig AM/FM Shortwave World Band (wide) S350 5000 79% 35 44% 1.5 41%
HD Radio Panasonic CD/MP3/WMA with built-in HD  Tuner CQ-CB9900U 6400 86% 51 93% 0.6 3% 80th percentile receiver
Clock Sima NOAA Alert AM/FM & Alarm Clock WX-39 6600 89% 21 0% 3.3 93%
Shelf/mini system Panasonic CD Bookshelf Stereo SC-EN7 8500 93% 44 65% 2.7 86%
Clock Curtis  CD AM/FM Stereo Clock CR4966 9300 96% 27 6% 1.4 37%
Portable CD boombox GE  Super Radio III (wide) 360678 9600 100% 34 37% 3.2 89%
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Appendix K - Receiver Measurements 

4.1 Home Stereos 

4.1.1 Sony STR-DE697 
Category Home Stereo 
AGC Threshold (dBm) -75 
RF Overload (dBm) -10 
RF Test level (dBm) -43 
SNR, unweighted (dB) 42 
THD, 400 Hz (%) 2.3 
THD, 50 Hz (%) 22.1 
SNR, CCIR (dB) -45 
-3 dB Frequency (Hz) 2000 
-10 dB Frequency (Hz) 3500 

 

Psophometer-Based Adjacent-Channel Interference 

LPF 
(kHz) 

D/U (dB)   

 +30 +15 +6 0 
10 43 29 20 15 
-10 45 27 26 21 
7 45 34 26 21 
-7 45 40 30 26 
6 - 38 28 22 
-6 - 41 32 26 
5 - 40 30 24 
-5 - 41 34 28 

 

Measurement of AM Frequency Response 

-40

+0

-30

-20

-10

d
B
r

60 10k100 200 500 1k 2k 5k

Hz
 



 45

Measurement of 2-Tone IM Distortion 
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4.1.2  Yamaha HTR-5740 

 

Category Home Stereo 
AGC Threshold (dBm) -75 
RF Overload (dBm) 0 
RF Test level (dBm) -38 
SNR, unweighted (dB) 37 
THD, 400 Hz (%) 2.3 
THD, 50 Hz (%) 13.5 
SNR, CCIR (dB) -43 
-3 dB Frequency (Hz) 2500 
-10 dB Frequency (Hz) 4100 

 

Psophometer-Based Adjacent-Channel Interference 

LPF 
kHz 

D/U (dB)   

 +30 +15 +6 0 
10 41 30 21 16 
-10 41 32 22 17 
7 42 35 26 20 
-7 42 36 28 22 
6 42 38 29 24 
-6 43 39 32 25 
5 - 40 32 26 
-5 - 41 34 28 

 

Measurement of AM Frequency Response 
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Measurement of 2-Tone IM Distortion 
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4.1.3 Denon DRA-295 

 

Category Home Stereo 
AGC Threshold (dBm) -75 
RF Overload (dBm) -35 
RF Test level (dBm) -55 
SNR, unweighted (dB) 36 
THD, 400 Hz (%) 2.2 
THD, 50 Hz (%) 7.1 
SNR, CCIR (dB) -34 
-3 dB Frequency (Hz) 3000 
-10 dB Frequency (Hz) 4400 

 

Psophometer-Based Adjacent-Channel Interference 

LPF 
kHz 

D/U (dB)   

 +30 +15 +6 0 
10 - 27 19 14 
-10 - 32 23 19 
7 - 32 22 19 
-7 - 33 28 23 
6 - 32 26 21 
-6 - 34 31 26 
5 - 33 28 23 
-5 - 34 32 30 

 

Measurement of AM Frequency Response 
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Measurement of 2-Tone IM Distortion 
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4.1.4 Pioneer VSX-D814K 

 

Category Home Stereo 
AGC Threshold (dBm) -75 
RF Overload (dBm) -35 
RF Test level (dBm) -55 
SNR, unweighted (dB) 28 
THD, 400 Hz (%) 2.6 
THD, 50 Hz (%) 10.1 
SNR, CCIR (dB) -31 
-3 dB Frequency (Hz) 1900 
-10 dB Frequency (Hz) 3200 

 

Psophometer-Based Adjacent-Channel Interference 

LPF 
kHz 

D/U (dB)   

 +30 +15 +6 0 
10 - 28 23 18 
-10 - 30 25 21 
7 - 31 27 25 
-7 - 31 30 28 
6 - - 29 26 
-6 - - 31 29 
5 - - 30 27 
-5 - - - - 

 

Measurement of AM Frequency Response 
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