
1 

 

1 
Mosher Mark I 

 

Mosher Mark I 
Dominic Mosher 

FA 4740 

 

 

 

 

 



2 

 

2 
Mosher Mark I 

Table of Contents 

▪ Function Description………………………………………………………………………………………….3 
▪ Goals……………………………………………………………………………………..3 
▪ What will the speakers be used for?.........................................3 
▪ What sort of environment will the speaker be used in?...........3 
▪ Listening purpose of the loudspeaker?.....................................3 
▪ Visual Aesthetics…………………………………………………………………...4 
▪ SPL output……………………………………………………………………………..4 
▪ Sound Quality………………………………………………………………………..4 
▪ Prioritization…………..……………………………………………………………..5 

▪ Technical Specifications……………………………………………………………………………………..5 
▪ Width, Depth, Height.………………..………………………………..………..5 
▪ Personal exploration of SPL.……….………………………………..………..6 
▪ Sensitivity………………..…………………………………………………..………..7 
▪ Shape and Voicing………………………………………………………………….7 

▪ Cabinet Design.…………………………………………………………………………………………………..8 
▪ Carpentry……….…………………………………………………………………………………………………..8 
▪ Edge Diffraction.………………………………………………………………….……………………………..8 
▪ Reflections.………….……………………………………………………………………………………………..10 
▪ Baffle Step……..…………………………………………………………………………………………………..10 
▪ Listening Axis...…………………………………………………………………………………………………..10 
▪ Materials……....…………………………………………………………………………………………………..10 
▪ Driver Selection.…………………………………………………………………………………………………11 
▪ DC250 Charts.…………………………………………………………………………….………………………12 
▪ DA215-8”………………………..………………………………………………………………………………….13 

▪ Pros and Cons…………….………………………………………………………....14 
▪ DC200……………….……………………………………………………..…………………………………….....15 
▪ DA270 Charts.…………………………………………………………………………………………………….16 
▪ Scanspeak 22w TT5100………………..……………………………..………………………………….….17 
▪ DC28F Charts………………………………………………………………………………………………………18 
▪ Crossover Design.…………………………..………………………………………………………………..…28 

 

 

 



3 

 

3 
Mosher Mark I 

Functional Description 

GOALS 

1. Obtain flat response from 55 Hz to 20 kHz 

2. Optimize box size while also minimizing weight at no more than 40 pounds. 

3.  Stay within, or close to budget of $400 

What will the speaker be used for? 

The goal in creating these speakers will ultimately be to have a long-lasting pair of quality 
reference monitors. These monitors will mainly be used to mix at a reasonable listening level of 
85 dB SPL. The active daily use will be mixing music within the rock and metal genre. The music 
will require these speakers to have good bass response so that is a high priority in the design.  

What sort of environment will the speaker be used in? 

The initial primary environment that the speakers will be used in is an apartment setting where 
room is limited. With this, it is important that the speakers have accurate extended bass to hear 
at lower SPLs as to not warrant a noise complaint to be made by any neighbors. For speaker 
location, these speakers will be used over time in a city where daily noise is common. 
Furthermore, the speakers shall be able to be set on a desk to use in stereo. To be set on a desk 
they must be reasonable in size so portability must also be manageable. The room will be 
mostly non-reflective and the smaller SPL’s won’t cause major reflections noticeable to the ear. 

Listening purpose of the loudspeaker? 

The purpose of the monitors will be to mix music primarily and act as speakers that listen back 
as mentioned by Moulton in Total Recording (will cite when book is available). “A situation 
where the acoustical output is intended to accurately represent the electrical input” (Newell 
264). High-fidelity will be the goal over high enjoyment. Delivering the best possible product to 
clients requires high-fidelity loudspeakers to mix on. 
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Visual aesthetics 

MDF will be used for the enclosure. The speakers will be rectangular in nature. The Yamaha 
NS-10 size is about what goal standard is for these speakers in size, that way they may be 
transported by one person only. One option would be in applying a thin layer of veneer 
over the enclosure to give it a much more finished look. Another option would be to simply 
paint the MDF. 

SPL output 

SPL output of these speakers will leave 10+ dB of headroom above 85 dB SPL so that there 
is headroom if any film mixing is done in stereo on these speakers and 105 dB SPL will be 
the point at which the speakers will break. 105 dB SPL is excessive for any apartment and so 
95 will rarely be touched which leaves still plenty of headroom. 

Sound quality 

The sound quality of these speakers must be physically pleasant to the ear and reveal all the 
detail that is in music. Transient response is important in this way so that drums for 
example can have the punch they deserve. 

Prioritization 

 

 

Priorities

Cost Frequency Response Portability



5 

 

5 
Mosher Mark I 

Technical Specifications 

Width, Depth, Height 

Sealed Volume 1.39 ft.³ 
Sealed F3 55 Hz 

These small and portable speakers allow them to perform and be placed reasonably within 
any room. Whether it is an office cubicle, a large room with many reflections, in both cases, 
the lower relative output to larger studio designer monitors allows both situations to work 
for the Mosher Mark I. Keeping the output at 85 dB SPL within a 8 ft distance allows the 
amount of audible reflections to be minimized in a smaller space compared to that of a 
professional control room. This is important if the room the loudspeakers are in has little 
acoustic treatment and one or more of the surfaces are reflective. 

Portability & Size 

The Mosher Mark I’s will be manageable in weight and portable in size. The Mosher Mark I 
will be able to fit in a car as they will be traveling a lot. Having well-made reference 
monitors at any given time is ideal for wherever home becomes. 40lbs is the ideal ceiling 
for weight for each speaker. 

SPL 

▪ K-system – K-10, 85 dB so that there is 10 dB of headroom up to 95 dB max 
▪ Though the primary use of these speakers is to mixing stereo rock 

music, they will also be used often for personal entertainment. 
This is not a primary matter in the construction of the 
loudspeakers. SPL is not a crucial matter in construction as daily 
max SPL will not exceed SPL produced by your average everyday 
jack hammer over 95 dB SPL. 

▪ Hearing Safety – Max daily SPL will not exceed 95 dB over a few minutes. Mixing at 
85 dB SPL or below is what these loudspeakers will need to handle. This not only 
avoids concerns of excessive SPL outputs that could cause hearing damage, but also 
gives these loudspeakers more versatility as far as the limited volume spaces they 
have the potential to be usable in, sounding good in varying room sizes. 
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Personal exploration of SPL 

Measurements of SPL were taken within the context of the daily mixing environment as well as 
in the car where max SPL is usually reached which is still under 100 dB SPL. The material that 
was being listened to in all cases was rock and metal. These two genres are generally very 
compressed. When it comes to mixing, mixes are best produced when all the details can be 
heard at a sufficient volume which is 85 dB SPL. Parties or special occasions will not influence 
how loud the Mosher Mark Is will be any other day of the week. 

 

 

 

 

70

75

80

85

90

95

100

Morning Afternoon Evening

Daily Listening Habits - Time of Day

Day 1 Day 2 Day 3

0

10

20

30

40

50

60

70

80

90

100

Background Mixing Rocking Out

Daily Listening Habits - Situational

Day 1 Day 2 Day 3



7 

 

7 
Mosher Mark I 

Sensitivity 

 DC215-8 

88.7 dB @ 2.83V/1m 

Given this sensitivity, it shows that though SPL is not included in the initial pie chart, 
there will still be a high and sufficient SPL output, much more than needed for 
versatility. There will be a high travel amount for these speakers over the course of 
their lifetime.  

Shape & Voicing 

The goal with the Mosher Mark I’s is creating a smooth response from the speakers from 55 
Hz to 20kHz for accuracy in lows and highs at the SPL extremes of 95 dB, far below the 
distortion limit of the speakers themselves. 

• Coloration, Time Response 
o Resonance 

Internal – The internal space of the cabinet will be heavily damped to avoid 
standing waves and reflections within the box and to give it a dead and accurate 
sound in a room. The cabinet will also be sealed to give a better transient response 
and allow for better portability. If time allows, the edges will be rounded to avoid 
high frequency distortion and diffraction on the edges of the cabinet. 

o Mounting 
▪ Boundary effects – The cabinets will be desk standing speakers separated by 

Auralex MoPAD-XL isolation pads to decouple them from the surface. 
▪ Power response 

▪ Wide dispersion 
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Cabinet Design 

Standing Waves 

Ratio of Dimensions 

The ability to achieve the minimal amount of non-attenuated standing waves is 
optimal. The speakers will be neither completely dead nor completely live in 
nature but somewhere in between. When mixing different material from rock 
and metal such as a heavy reverberant piano, having too dead of a speaker will 
not only create another surface inside the enclosure due to heavy dampening, 
but that material will not sound as lively and the reverb will sound flat as the 
sound as less room to go inside the cabinet. The dimensions are as follows: 
 

Depth: 7 in 
Width: 9 in 
Height: 19.405 in 

Ratio: 1 : 2.77 

Recommended ratios other than the golden ratio 1.618 include 1.6, 1.260 and 
1.2 as shown by mh-audio. 

 

Shape and Voicing 

Flat response is once again the primary goal in the Mosher Mark I’s. With little to no 
standing waves in the enclosure, the box will represent little alterations to an ideal flat 
frequency response. 

 

  

Coloration/Time Response 
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The f3 is desired to be 55 Hz. Having a 2nd order closed box allows for an accurate low 
with a higher quality transient response. Using a 4th order vented enclosure would lower 
the quality of the transient response which is not ideal for the realization of the Mosher 
Mark I. 

Carpentry 

Over the years there have been little carpentry experience gained and little to no 
projects that have been done prior to building these loudspeakers. Training on power 
tools have been done every year twice a year to be able to competently operate them 
for future needs. Basic understanding of power tools and their function is a foundational 
set of concepts understood for several years. It is a matter of lack of experience that 
makes creating a simple loudspeaker design so imperative so that the goals set in the 
design are realistically achievable with little to no carpentry experience. Due to the 
nature of this project, there are multiple advisors who are present on all build who will 
be assisting if necessary during the build process. Any issues that arise during the build 
phase that involve an understanding of best practice for different cuts will be easily 
rectifiable. 

Edge Diffraction 

With the design of the enclosure being a rectangular box with no curved edges that 
amount of edge diffraction will be handled by the limited amount of space on both sides 
of the woofer with a half inch of space between the edge of the face and the edge of the 
driver. Seeing as how rounded edges is another layer of complexity in the drafting phase 
as well as the build phase with limited experience in both worlds, a simpler design is the 
goal. To reiterate, with lack of carpentry skills, lack of a decent budget, lack of drafting 
experience, a simple enclosure design will allow for realistically achievable goals within 
the given deadlines. 

Internal Acoustics 

• Edge Diffraction 
o In using a sealed box, as mentioned earlier, internal absorption materials 

including, but not limited to, fiberglass will be used to avoid phase 
cancellation in the lower range of frequencies. The inside of the 
loudspeakers will be lightly damped to avoid creating another surface 
within the enclosure. 

• Golden Ratio 
o In designing the enclosure, consideration was taken in what ratios will 

affect the speaker and what that will mean for the size of the enclosure. 
With loudspeakers that use the golden ratio, a large height is introduced 
into the equation where in this case, budget does not allow for such 
amount of wood to be used. The ratio used for the dimensions at the 
given time is 1 : 2.77 which lies close with the musical ratio of 1.2. 
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Reflections 

• Flat Surfaces 
o All faces of the enclosure will be flat with no rounded edges. With a 

sealed box there will be no foreseeable air leaks unless within the build 
process, taking human error into account, improper jointing causes air to 
leak from the enclosure. 

Baffle Step 

• To account for baffle step where the two drivers must align and meld to sound 
good as one unit, what will be done within the crossover will be a lowering of 
volume of the tweeter so compensate for this phenomenon. Both drivers will be 
flush with the front face of the enclosure and time alignment of the two drivers 
will occur in the active crossover. Passive crossovers are not being used in this 
design due to the lack of knowledge on the matter and lack of resources to assist 
with a passive crossover build. 

Listening Axis 

When mixing music of any genre, there is a standard to how the stereo pair of 
loudspeakers should be arranged in reference to the listening position. The 
loudspeakers will be giving an on-axis response while seated on a desk decoupled 60 
degrees towards the listener forming an equilateral triangle. The speakers will rest on 
the desk decoupled at listening position relative to the ear and the drivers. 

Materials 

For the enclosure of the Mosher Mark I, MDF will be used for all internal and external 
faces. When it comes to the bracing inside of the enclosure, this will also consist of MDF. 
The bracing method used for the Mosher Mark I is simple but effective. In using a 
vertical board, with a hole behind the woofer, the box has another method of security 
while also allowing bass frequencies to not hit another surface within the enclosure and 
cause phase issues. MDF was the best choice where more expensive specialty woods 
were avoided to stay within budget. 

 

 

Driver Selection 
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Frequency Response - Woofers 

o Bandwidth 
▪ 55 Hz to 20 kHz 

▪ The speakers will function in such a way that all your core instruments will be 
able to be heard clearly and well balanced. 
Below is a frequency response chart of the Dayton DC250—8 10”
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This driver was a strong choice for a while before it was realized that handling the crossover 
frequency would be difficult with the two frequency ranges of the 10” and the tweeter. 
When they do not overlap much, it is more difficult to create a flattened frequency 
response which is why I didn’t choose this driver. Other woofers taken into consideration 
are as follows: 

 
 
 

 

DA215-8 8" 
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Pros 
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• Cheap 

Cons 

• The Fs could be lower  
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DC200-8 8" 
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DA 270-8 10” 
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Scanspeak 22w 8851T00
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This loudspeaker was the furthest out of the established budget. For two woofers the 

exceedance would have doubled, making these loudspeakers an unviable option to fulfilling the 

design goals, though the response would be good. 
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Tweeters 

DC28F-8 1/8” 
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Pros 

Cheap 

Cons 
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DC28FS-8 1/8” 
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Pros 

• Cheap 

• From well-known reliable company 

Cons 

• Could have smoother frequency reponse like that of the NWD 
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ND25FW-4 1” 
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AMTPRO-4 
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R2904/700005
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In making the appropriate choice for the best woofer and tweeter for the Mosher Mark 

I’s, cost and performance were the two factors that weighed most heavily on the choice for 

both. Cost outweighed performance where decisions had to be made to choose what was most 

cost effective, but still performed well. The Scanspeak woofer and tweeter were both far out of 

the established budget which rendered both as not viable for the Mosher Mark I’s. The DC215-8 

and the DC28F were the best choices due to their performance and low cost at under $100 for 

both. The frequency response of the two drivers were slightly better than others with also the 

most information given where in other circumstances, such as with the Scanspeaks, frequency 

response graphs would end abruptly before 20kHz.  
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Crossover Design 

 

Woofer - DA215-8”

 

Tweeter – DC28F
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Crossover Analysis 

Observing both frequency response charts of the two drivers, at about 1.6kHz both the woofer 

and tweeter slope down at similar rates in opposite directions. Because these slopes are steady 

in nature, what will be initially used in the crossover will be a 1st order low-pass and high-pass 

filter. If the slopes are not steep enough, then a 2nd order low-pass and high-pass will be used. 

There will be no need for driver pads as the output of the drivers will be controlled through a 

2x4 mini-dsp. There will also be no need for impedance correction as both drivers have an 

impedance of 8 ohms.  

Time Alignment 

The time alignment between the drivers will be driver centered to an axis between the two 

drivers. The drivers will also be flush with the enclosure and there should be little need to add 

much delay to either of the speakers. 
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System Tuning 
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Final Performance Documentation 
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