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The loudspeakers outlined in this document are dedicated to my grandma, Vera 
L’Italien, as a thank you for inspiring me to achieve my goals, and showing me what true 

perseverance is. 
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FUNCTIONAL DESCRIPTION 

 

Goals 

The goal of these speakers is to create an enjoyable, and exciting listening 
experience, not necessarily to reproduce an accurate sound. The speakers should 
be small enough to easily transport, but output a fair amount of volume to satisfy 
listening enjoyment in a shared space such as a living room or common area. The 
speakers will likely be stand mounted, meant to be placed at either side of an 
entertainment center. 

Environment 

The environment in which these speakers will be used will be an apartment with a 
less than ideal acoustic footprint. Between city traffic and neighboring apartments, 
the apartment will have a high noise floor over which the speakers must reach. 
The room will likely change configuration on occasion when new furniture is added, 
or change is desired for any other purpose.  

Listening Purpose 

The purpose of these speakers is to enjoy records and CDs. They should perform 
a pleasurable listening experience that extends across a broad range of 
frequencies, provokes excitement in the listener, and allows them to have a sense 
of appreciation of music in general. 

Visual Aesthetics 

The speakers will feature a cherry cabinet finished with Tung oil and a white 
ceramic woofer to create a striking visual contrast between the wood and the 
driver. The front baffle will be rounded at the edges to create a look that is “softer” 
to the eyes.    

SPL Output 

The speaker will achieve levels adequately loud to host a small, casual event. It 
will serve the purpose of focused, attentive listening as well as providing 
background music. The speakers will be loud enough to surpass the levels of the 
high noise floor caused by city background noise and neighboring apartments. 

Sound Quality1 

The speakers should achieve a wide sound stage with a wide image separation, 
however they should perform well off centerline without terrible imbalance. They 

                                              

1 David L. Clark; Floyd E. Toole, AES recommended practice for professional audio - 
Subjective evaluation of loudspeakers (Clark and Toole 1996), 16-20. 
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should be able to reproduce the size of the space to a fair extent and should finally 
incorporate a warm sound that is pleasing to listen to.  

Prioritization 

The main goal of these speakers is to be portable in the case that they need to 
be relocated. The design will have less of an emphasis on SPL and bass output. 
They will likely be placed in a common area, so they will need to put out enough 
to generate sound throughout the room.  

 

 

 

 

Figure 1: Priority weighting in loudspeaker design. 

 

*   *   *  
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TECHNICAL SPECIFICATIONS 

 

Size 

The size of these loudspeakers is arguably one of the most important factors in the 
design. They need to be easily portable, for this reason, the external dimensions 
will measure 1’-5 7/16”H x 8 1/2”W x 11 3/8”D. Each unit should not weigh more 
than 30 pounds for ease in lifting. The speakers will have stands that are able to 
be dismantled for ease of transportation and allow the speaker to consistently be 
set up at listener height (approximately 3 feet from the ground to the acoustical 
axis.) 

SPL 

According to the THX standard2, 0 is set to be at 85 dB SPL with 20 dB of 
headroom in an NC-30 specified environment. This means that in a THX system 
the output SPL must reach 105 dB at peak levels in the listener position. In 
consideration of this project, this standard would require the two speakers to reach 
a peak level of 105 dB. 

According to other standards such as the “K-System”3 defined by mastering 
engineer Bob Katz 0 should be defined at 85 dB(C) with 3 different standards for 
headroom based on the content in question. For large theatres, Katz recommends 
the K-20 standard in which there is 20 dB of headroom past the 0 level of 85 dB(C). 
For the home theatre and pop music Katz’s recommendation lies with the K-14 
system in which there is 14 dB(C) of headroom past 0. Past this, Katz recommends 
K-12 for the broadcast standard in which there is 12 dB(C) of headroom past 0.  

Both standards allow the listener to gauge the content that they are exposed to in 
their environment and can help in successful calibration of their system. In the 
figure below measurements were taken of a listener’s listening habits in an 
average week. Based on this data, it is shown that the listener’s loudest listening 
levels only reach to 75 dB(A) with the lowest value being 44 dB(A). Although it is 
assumed that in a C-weighted measurement the values would read at a lower SPL, 
these measurements serve as relative data for this design.  

Since the speakers will be used in what Katz defines as a “home theatre 
environment” it can be stated that 14 dB of headroom would be satisfactory for the 
purpose. While the listener’s levels are generally low, the loudspeakers should 
easily output 75 dB(A) with at least 14 dB(A) of headroom. This will put the 

                                              

2 THX LTD. NA. Consumer Electronics Certification. NA. Accessed February 1, 2018. 
http://www.thx.com/faq/#thx-loudness-plus-2. 

3 Katz, Bob. NA. Integrated Approach to Metering, Monitoring, and Levelling Practices. 
Technical Report, New York: AES. 
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speakers peak output to 89 dB(A) at a listening distance of roughly 10 feet from 
the loudspeakers.  

 

 

Figure 2: Listening levels measured in one week’s time at approximately 10 feet from 
the source. 

 

Loudspeaker Sensitivity and Amplifier Size 

For this loudspeaker design two 125W MiniDSP plate amplifiers will be used. To 
achieve the desired criteria for a peak SPL output of at least 89 dB(A) at 10 feet 
(3.05 meters) from the source the following must be considered: there will be two 
relatively coherent sources summing, and a 125W amplifier per source.  

Assuming the properties of coherent sources, it can be assumed that each source 
must roughly emit an SPL of 83 dB(A) as shown by the following equation: 

89 𝑑𝐵(𝐴) @ 3.05𝑚 = 20 ∗ log10 (10
𝐿𝐴
10 + 10

𝐿𝐴
10) 𝑑𝐵(𝐴), 𝐿𝐴 = 83 𝑑𝐵(𝐴) @ 3.05𝑚 

However, it can also be assumed that loudspeakers will not act as completely 
coherent sources in a living room environment, and should be treated as such. 
Assuming that the loudspeakers act with incoherent properties, the actual output 
necessary would be approximately 86 dB(A) per loudspeaker as shown by the 
following equation: 

89 𝑑𝐵(𝐴) @ 3.05𝑚 = 10 ∗ log10 (10
𝐿𝐴
10 + 10

𝐿𝐴
10) 𝑑𝐵(𝐴), 𝐿𝐴 = 86 𝑑𝐵(𝐴) @ 3.05𝑚 

By using the inverse square law the SPL at 1m, a common reference for 
loudspeaker specifications, can be found: 
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𝐿1𝑚 = 89 𝑑𝐵(𝐴) + |20 ∗ log10 (
3.05𝑚

1𝑚
)| ≈ 98.7 𝑑𝐵(𝐴), 𝑜𝑟 95.7 𝑑𝐵(𝐴) 𝑝𝑒𝑟 𝑠𝑜𝑢𝑟𝑐𝑒 

Using this value, a speaker sensitivity can be defined based on the amplifier power 
output and the criteria for sound pressure level at one-meter. Assuming an 8 Ω 
load speaker driver, the amplifier will have a sustaining voltage of 15.625 V based 
on Ohm’s law. The standard sensitivity for a loudspeaker is defined as some SPL 
@ 2.83 V/1 m, therefore with the following equation the desired sensitivity can be 
determined: 

95.7 𝑑𝐵(𝐴) = 𝐿 + 10 ∗ log10 (
15.625𝑉

2.83𝑉
) , 𝐿 ≈ 88.3 𝑑𝐵(𝐴) 

According to this, the sensitivity of the speaker drivers used in this design must 
be able to at least reach 88.3 dB(A) @ 2.83 V/1 m.  

In dB(W), it is shown that the sensitivity must be 74.7 dB(A) @ 1 W/1 m. 

95.7 𝑑𝐵(𝐴) = 𝐿 + 10 ∗ log10 (
125𝑊

1𝑊
) , 𝐿 ≈ 74.7 𝑑𝐵(𝐴) 

Frequency Response 

Due to the size limitations of the loudspeaker design the frequency response of 
this design will extend from about 50 Hz to 20 kHz. The design will feature a ported 
enclosure to assist in extending the low-end of the loudspeaker. Although these 
speakers will likely be catering to many genres of music and films, it is not vital to 
extend to the lower ranges of the bass (i.e. 41 Hz, or low E) as size is the most 
important factor.  

The shape of the frequency response will ideally serve to be warmer in order to 
create a pleasing listening environment. To achieve this goal, a gradual downward 
slope in the frequency response curve will be made during the tuning process. 

Dispersion 

The dispersion of the loudspeakers should be fairly wide in order for those in the 
listening environment to have an equally pleasing listening experience. For this 
reason, off axis frequency response, and cabinet diffraction will be taken into 
high consideration.  

In off axis response, the drivers ideally will have less than 6 dB of variation in the 
higher frequencies where this drop off would be most prominent. By rounding 
edges of the cabinet, a softer drop off can be achieved by edge diffraction4. 

                                              

4 Loar, Josh. 2018. "Transducer Theory Cabinet Design." Transducer Theory Cabinet 
Design Lecture. Houghton, Michigan: Josh Loar, January 19. 1. 
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Coloration and Time Response5  

The speaker should be lively and exciting to listen to. In order to achieve this quality 
absorption will be strategically added in order to slow down the speed of sound to 
make the loudspeakers sound larger than they are.  

Because these speakers are not meant for accurate listening, the inside 
dimensions can be “harmonic” in order to add character to the speaker itself and 
to resonate at given harmonic frequencies. This idea is to be experimented in 
simulations and tested for practicality before being carried out in the final stages 
of design.  

Higher decay times in the box may cause loss in fine detail, which to an extent is 
okay for this design as it may mask imperfections in the recordings and add to the 
pleasurable listening experience. However, the decay times should not be so long 
as to losing the intent of the recording by becoming washed out, completely blurred 
and unintelligible.  

Because of the use of a port, one can expect low end response to be increased, 
and the transient response to be less precise. 

 

*   *   * 

  

                                              

5 Newell, Philip, and Keith Holland. 2007. Loudspeakers For Music Recording and 
Reproduction. Burlington, MA: Focal Press. 
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CABINET DESIGN 

 

Carpentry 

The intent of these speakers is to be able to be a simple enough design to be 
constructed by an amateur woodworker. The design will incorporate flat 90º angles 
that will form a rectangular prism. The joints will consist of double rabbet joints that 
are simple to create, and also allow for a sturdy structure. Some other components 
that will be incorporated are dado segments on the baffle intended to be used to 
insert bracing. Cutouts for drivers, ports, DSP plate amps, and rounding the edges 
will be accomplished with a hand router. 

Internal Acoustics, Reflections, and Diffraction 

The bracing of the cabinet will be used to break up standing waves throughout the 
cabinet that would likely cause unwanted resonances. By adding bracing 
according to the North Creek Cabinet Handbook6 recommendation the resonances 
that exist will occur at higher frequencies and will be dissonant based on the given 
bracing ratios that are given in the North Creek Cabinet Handbook.  There will be 
one brace used in this cabinet that is placed at 7/16 the distance from the rear of 
the cabinet. 

In order to avoid any sharp drop offs at the edge of the speakers, the front baffle 
will be rounded at the edges in order to soften the effects of diffraction around the 
edges. Not only will this assist sonically, but it will add a visual aesthetic that is 
simple, but pleasing to the eye.  

Cabinet Ratios 

In Moulton’s Total Recording7 reading, “The room’s dimensional ratios should be 
‘dissonant,’…This reduces the effect of the room ‘ringing’ at low frequencies, and 
of sounding better/worse for different musical keys…” Some of the ratios 
recommended by Moulton are the following: 

• Square root of two/augmented fourth (1.414:1) 

• Minor seventh (1.782:1) 

• Major ninth (2.245:1) 

Although these are recommendations from Moulton, according to his text, the 
ratios for a room should only be dissonant in order to eliminate the possibility of 
harmonic standing waves.  

                                              

6 North Creek Music Systems. 1992. North Creek Cabinet Handbook. 2nd Edition. Old 
Forge, New York: North Creek Music Systems. 

7 Moulton, David. 2000. Total Recording: The Complete Guide to Audio Production and 
Engineering. NA: KIQ Productions, Inc. 
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Another possibility of ratios is to follow the golden ratio, or 1.616:1:0.616.8 For this 
design, the goal will be to eliminate the possibility of standing waves that contribute 
to resonances in the cabinet. While there is not a concern of having a flat frequency 
response in terms of this design, it is not desirable to have any overbearing 
irregularities.  

The design of the cabinet will incorporate a 7-inch inner width. The box will follow 
Moulton’s description of a major-ninth box, meaning that the ratio of the inner width 
of the cabinet and the height will be 1:2.245. The depth to width ratio will be an 
augmented fourth, or 1.414:1. Taking these relationships into consideration, the 
overall dimensions will be 7” x 15-15/16” x 9-7/8”, which creates a total volume of 
0.63 cubic feet.  

                                              

8 Loar, Josh. 2018. "Cabinet Design." NA. Houghton, MI: NA, February 2. 



TRANSDUCER THEORY LOUDSPEAKER DESIGN 
12 

 

Figure 3: Final cabinet design and dimensions. 

  

Other considerations for this design were to use a ratio of a minor-seventh, which 
would give a total volume of 0.5 cubic feet. The larger volume that was selected 
based on the major-ninth relationship will allow the box to have a lower resonant 
frequency, which will extend the low-end performance (see study below in figures 
3 and 4). Since the initial design does not include a subwoofer, extended the 
response on the low-end is ideal. To additionally enhance this performance, a vent 
or port will be added to the box. By having this port, more effects may occur, such 
as a slight blurring due to a difference in time arrivals of reflected sound coming 
from the back of the cabinet and through the port. This will help mask imperfections 
in the content, enhancing the listener’s experience.  
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Figure 4: Modeling of the minor-seventh enclosure, driver used: SB Acoustics 
SB17CAC35-8. 

 

Figure 5: Modeling of the major-ninth enclosure, driver used: SB Acoustics 
SB17CAC35-8. 
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Shape and Voicing 

The speakers in this design should be pleasant to listen to. The design will 
incorporate a warm curve that will be easy on the ears for longer periods of time. 
As described in Newell’s text9 some speakers are designed to be harsh to cause 
discomfort, and cause the listener to not listen for extended periods of time. 
Because the speakers in this design will not be achieving great SPLs, hearing loss 
protection by means of tone is not much of a concern, and the sound can be 
focused on being more pleasant.  

Coloration/Time Response 

In order to make these speakers promote an exciting listening experience, they 
should generally be fairly live. However, according to Newell, some absorption 
throughout the cabinet will slow the speed of sound, and create an up-to 20% 
larger image, helping with envelopment.  

To reduce the amount of vibrations from the cabinet, cherry will be used. This will 
help in creating a rigid structure that allows the cabinet to be free from exaggerated 
vibrations10.  

The construction of the cabinet will be a box-shape with rounded edges on the 
front baffle. The rounded edges will help create a more uniform response off-axis 
due to diffraction. As stated before, the design will be sealed in order to maintain 
definition in the low end due to a precise transient response. 

Mounting 

The speakers will not be coupled to a surface. Although this technique is great for 
creating a boundary condition, and actually enhancing low frequencies, the design 
will be catered to the visual aesthetics of the speakers being on stands. The stands 
will either be made from wood or they will be purchased. To attempt to isolate the 
stands from the speaker enclosure, an adhesive foam will be applied to the top of 
the stand. 

 

*   *   *  

                                              

9 Newell, Philip, and Keith Holland. 2007. Loudspeakers For Music Recording and 
Reproduction. Burlington, MA: Focal Press. 

10 Atkinson, John. 2012. Floor Loudspeaker Reviews: Sony SS-AR2 louspeaker. 
October 1. Accessed February 20, 2018. 
https://www.stereophile.com/content/sony-ss-ar2-loudspeaker. 
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DRIVER SELECTION 

 

Final Driver Selections 

 SB Acoustics SB17CAC35 – 4 ohm 6” woofer 

 

  

 

 

This woofer was chosen for the final design due to its ability to perform with a fairly 
flat frequency response, and its sensitivity which is rated at 1.7 dB over the 
necessary sensitivity to achieve the design goals. The woofer was also chosen 
due to its stunning aesthetic which will look nice against the cherry hardwood.  
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SB Acoustics SB29SDAC-C000-4 – 1” Textile Dome Tweeter 

  

 

 

This tweeter was chosen in order to brand match with the chosen woofer. The 
tweeter will also line up well with the specified minimum requirements for 
sensitivity, and should perform well with a crossover frequency of around 1.7kHz. 
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Considered Drivers for Selection 

Woofers 

SB Acoustics SATORI MW16P-8  

 

 

 

This woofer shows similar specifications to the chosen driver for the project. 
However, while the specs are similar, the price is almost double. The project 
cannot justify doubling the budget for a woofer that will perform similarly.  
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Scanspeak 18W/8545-01  

 

 

 

Scanspeak is known for their quality products, and while this woofer would have 
suited the project well with its low resonance frequency, and adequate sensitivity, 
the price of $173.20 was out of range for this project. 
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Morel TiW 638Nd Titanium 

 

 

 

 

While this woofer features a fairly flat frequency response, there are a few 
discrepancies. The graph shown doesn’t give a clear indication of what the driver 
is doing below 100Hz. Even though this may be a great driver, it should show more 
frequency data for the price of $192.00. Another point is that the resonant 
frequency is a bit higher than other drivers in consideration. 
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Peerless BC18WK05-08  

 

  

 

 

This woofer is very inexpensively priced with fairly impressive specs for the price. 
One of the downfalls that it suffers is a high resonant frequency. In order to achieve 
the design goals of the loudspeakers, this woofer is not adequate.  
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Audax HM170C0 

 

 
This woofer appears to meet the requirements for the specifications of the 
project, and appears to be a good fit. However, the aesthetic of the driver doesn’t 
meet the aesthetic goals of the project.  
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Tweeters 

Peerless DX20BF00-04 

 

 

This driver is not ideal, because the dispersion starts heavily rolling off around 6 
kHz which is not ideal for the design of this speaker. This company also seems to 
offer impressive specifications for the price range of their drivers which is slightly 
off putting. 
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Satori TW29R Ring Dome Tweeter 

 

 

 

This tweeter is very nice, however in comparison to the final selected driver for the 
project, not much is gained for the price. In fact, the sensitivity is a bit less. This 
driver may have been more highly considered if the Satori woofers were to have 
been chosen as well. 
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ScanSpeak Revelator R2904/7000-00 

 

 

While this tweeter performs well, there still is not enough consistency off axis. This 
tweeter is aesthetically pleasing and would complement the overall design very 
well, however due to the high cost, it is out of budget for the project. 
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Fountek NeoCd2.0M-blk 5" Ribbon Tweeter 

 

 

While ribbon tweeters are 
aesthetically and sonically 
pleasing, it should be noted 
that their vertical dispersion is 
not suitable for the design 
goals.  
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Mundorf AMT17D1.1 Dipole Air Motion Tweeter (AMT) 

 

 
 

This tweeter looks aesthetically pleasing and has adequate specifications, 
however due to the nature of the tweeter type, it requires a very high crossover 
which doesn’t coincide with the specified woofer of the design.  

 

*   *   *  
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CROSSOVER DESIGN 

 

Initial Crossover 

Due to the frequency response of the tweeter and the woofer, as well as off-axis 
response coherence between the two, the crossover frequency will be set to 
1.7kHz. At 1.7kHz the woofer will have a butterworth filter of 24dB towards the high 
frequencies, and the tweeter will have the same, opposing filter. This will allow for 
the transition from the woofer to the tweeter to become more seamless than if a 
more drastic slope were used. The high pass filter is implemented for the woofer 
in order to protect the woofer from over excursion that may cause damage to the 
driver.  

 

Figure 6: Initial crossover design 

 

Tuning Goals 

These speakers should be capable of achieving a flat frequency response (±1.5dB) 
from 50 Hz. In addition to this, a final curve that allows the speaker to have a warm 
quality is desirable.  
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In terms of time alignment, ideally the two drivers would coincide and have no 
difference in arrival, drawing their image to the center of the speaker between the 
woofer and the tweeter.  

*   *   *  
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SYSTEM TUNING 

Initial Tuning: April 12, 2018 

First Measurement 

 

Time Alignment 

 

Red: Woofer 

Purple: Tweeter, .25ms 

Blue: Tweeter, .15ms 
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Red: Woofer 

Yellow: Tweeter, .1ms 

Purple: Tweeter, .08ms 

 

 

 

Green: Initial frequency response 

Blue: Frequency response with time alignment 
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Blue: 2.7 kHz, +6dB gain, Q=1 

Orange: Tweeter channel -6dB 

 

 

Orange: Previous 

Red: 450Hz, +3dB low shelf, Q=.5 
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Red: Previous 

Blue: Woofer, 1650Hz, -3dB Q=2; Tweeter 1800Hz, -3dB, Q = 2 

 

 

Blue: Previous 

Purple: 9 kHz, +3dB, Q=1.4 
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Purple: Previous 

Yellow: 2kHz, +8dB (absolute), Q = 1; 4kHz, -3dB, Q = 3; 1650, -5dB, Q = 1.5 

 

 

Yellow: Previous 

Purple: 500Hz, -3dB, Q15 
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Purple: Previous  

Yellow: 1.2kHz, +1dB, Q = .5  

 

Tuning with Port: April 22, 2018 

 

Initial frequency response with port and fiberglass insulation in rear 
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Blue: Previous 

Orange: 450Hz and 500Hz bypass; 140Hz, -2dB, Q = 5 

 

 

Orange: Previous 

Red: 1200Hz, -.5dB low-shelf, Q = .5; 1400, -1dB, Q = 5 
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Red: Previous 

Blue: 3600Hz, -2.5dB, Q = 3; 2700Hz, +1dB, Q = 5 

 

 

Blue: Previous 

Purple: 14kHz, -1dB, Q9; 3600Hz, -2.7dB, Q3; 8500Hz, +3.5dB, Q = 1.4; 
1400Hz, +.7dB, Q = 1.7 

 

 

*   *   *  
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FINAL PERFORMANCE DOCUMENTATION 

Full Range Measurements 

Frequency Response: 
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Integrated Frequency Response: 

 

Harmonic Distortion: 

 

Minimum Phase Response: 
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Horizontal Off-Axis: 

 

Vertical Off-Axis: 
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Step Response:  

 

Integrated Step Response: 

 

 

Impulse Response: 
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FFT Full-Range Waterfall Plot: 

 

FFT Full-Range Waterfall Plot (30ms): 

 

FFT High Frequency Waterfall Plot: 
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Right vs. Left Frequency Response: 

 

Tweeter Response 

Frequency Response:  

 
Harmonic Distortion: 
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Minimum Phase Response: 

  
 
Step Response: 

 
Impulse Response: 
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Woofer Response 

Frequency Response:  

 

Harmonic Distortion: 
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Minimum Phase Response: 

 

Step Response: 

 

Impulse Response: 

 



TRANSDUCER THEORY LOUDSPEAKER DESIGN 
46 

Designer’s Final Subjective Analysis 

While the loudspeaker achieved the goal of being portable, visually stunning, and 
having reasonable SPL output for the size, it is lacking in its off-axis response. 
There is a slight peak at around 2.5kHz that increases as the angle increases, as 
well as some pretty significant drop off in the high frequencies. The speakers are 
very pleasant to listen to in the “sweet spot,” however, the image, nor balanced 
frequency spectrum seem to be stable in other positions. Overall, these speakers 
suit more of the goal of being mixing style monitors rather than casual listening.  

 

 

*   *   *  
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Appendix A: Itemized Cost Sheet 
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