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Abstract

The standard solar time scheme (hours, minutes, seconds, milliseconds, microseconds, nanoseconds) introduces inefficiencies into time unit calculations and conversions where values must be calculated within or across scales (i.e.: converting milliseconds to minutes, seconds to hours, hours to days) using non-intuitive conversion factors (6000 milliseconds = 1 minute, 3600 seconds = 1 hour, 72 hours = 3 days).  This paper examines several “alternate time unit schemes, some based on the standard time units (hours, minutes, seconds) and some which use newly developed time units (twelves, docens, numeti, rohus)  in order to investigate the likelihood of their use in worldly affairs, business operations and technical applications.
Background

The current standard time units are 60 seconds in a minute, 60 minutes in an hour, 24 hours in a day and 365 days in a year.  The units for the number of hours in a day and the number of days in a year are not exact, which is why we have calendar adjustments, for instance by adding an extra calendar day to adjust for leap years.  This time regime is intended for everyday use, where human perception is capable of perceiving the changes across these time units (seconds, minutes, hours, days).  This regime can be denoted as the “common time unit” (CTU) scale.
	1 minute
	60 seconds (s)

	1 hour
	60 minutes (min)

	1 day
	24 hours (hrs)

	1 week
	7 days

	1 month
	4 weeks (wks)

	1 year
	12 months


Typically, the standard units of time smaller than a second are measured using SI decimal fractions, such as milliseconds, microseconds and nanoseconds.  Casual use of these time units is not expected, since human perception is limited to perceiving changes across time units down to only about 30 microseconds.  This time regime is typically not intended for everyday use, but instead is useful for scientific and technological applications.  This regime can be denoted as the “fractional time unit” (FTU) scale.

	1 nano-second (ns)
	1000 pico-seconds (ps)

	1 micro-second (s)
	1000 nano-seconds (ns)

	1 milli-second (ms)
	1000 micro-seconds (s)

	1 second (s)
	1000 milli-seconds (ms)


Beyond these first two time scales there exist further measures of time, including the passing of time as recorded by human history (which can be denoted as “historical time unit” (HTU) scale), the transition of geological and evolutionary processes (which can be denoted as “geological time unit” (GTU) scale), and the transition of astrological processes not otherwise related to GTU (which can be denoted as “astrological time unit” (ATU) scale).  HTU and GTU are based upon the arbitrary changes within their respective domains (historical eras, geological glacier shifts) which defy the simple regularity of FTU and CTU.  ATU is based on the solar year and so is linked to CTU, but like HTU and GTU, larger time units in ATU focus on arbitrary changes within its domain (super nova events, planetary orbits).  These time scales have been developed such that inefficiencies introduced into calculations and conversions across and within these schemes are performed so infrequently as to be considered negligible.  Therefore, although these time schemes are very useful within their related domains of study and analysis, they are not in need of the development of an alternate scheme.

The length of an earth day is limited by the rotation of the earth, where the rise, fall and rise again of the sun forms the boundaries of a single day.  The timing of rise and fall of the sun in the sky is not consistent from day to day or from year to year, but its periodicity is a useful basis for time units, since it is already accepted in regards to the CTU scale.  One could argue that the CTU scale is rooted in the superstition and backwardness of early human civilization, sun-centered mysticism or the dependence of societies on the arbitrary whims of the weather.  However, even in modern society with air conditioning and indoor living, where backwardness, mysticism and weather can be minimized from becoming contributing factors for the development of new time units, the use of the “day” unit of time based on the rotation of the earth and the rise and fall of the sun in the sky has compelling intuitive and historical basis.  
Alternate time unit schemes that are not based on the “day” would be useful for space explorers who are not exposed to or limited by the periodical rotation of the earth.  These explorers might use the regular action of some sub-atomic particle property as the basis for a time unit scheme.  Arbitrary multiples of this basis could then serve as larger composite time units for fulfilling both the FTU and the CTU scales, for instance following the SI tradition of establishing units based on multiples of 10.  However, until humans have left the confines of the earth, time unit scales will likely be based on the solar day, which as mentioned above has intuitive appeal.
Thus, the solar day (rotation of the earth about its own axis) and the solar year (rotation of the earth around the sun) is the logical choice for the foundation of any time scheme used on the earth.  However, the separation of the current earth-based time scheme into multiple regimes lacks the intuitive appeal of continuity that could be achieved by using alternate time unit schemes.  For instance, in the above hypothetical space explorer time scheme, every time unit would be divisible by 10, which is simple and intuitive.  Time unit calculations and conversions can be performed very efficiently and quickly using the standard base 10 arithmetic.  The standard solar time scheme by comparison introduces inefficiencies into time unit calculations and conversions where values must be found within or across the CTU and FTU scales (i.e.: converting milliseconds to minutes, seconds to hours, hours to days) using non-intuitive conversion factors (6000 milliseconds = 1 minute, 3600 seconds = 1 hour, 72 hours = 3 days).  Simple time unit calculations like these must be performed regularly and often for both technology and business operations where other more important concerns besides those of time unit calculations usually dominate.  However, errors and inefficiencies introduced by time unit calculations propagate themselves into the core enterprise of technology and business operations, reducing the overall effectiveness of the ventures.  By simplifying time unit calculations, these operations can then proceed to focus on their core activities without distractions resulting from timing concerns.
CTU-1

An alternate time unit scale based on the solar day and solar year uses the current time unit scale as its jumping off point.  The FTU scale has the advantage of the simplicity of base 10 number arithmetic.  Calculations and conversions between time units within the FTU scale can be performed with accuracy and confidence.  If the CTU scale were to be changed to leverage base 10 arithmetic (the basis of the CTU scale), the solar day would need to be divided into time units that are divisible by 10.  This approach is simple and it has the advantage that it meshes well with the FTU scale.  This approach is shown below and is called “CTU-1”.
	1 milli-day (md)
	1000 micro-days (ds)

	1 deci-day (dd)
	100 milli-days (mds)

	1 day
	10 deci-days (dds)


Here, 1 solar day can be divided into 10 equal units called “deci-days”.  Each deci-day is divisible into 100 equal units called “milli-days”.  Every milli-day can be divided into 1000 equal units called “micro-days”.

Now we should compare “day”, “hour” and “minute” from CTU with “day”, “centi-day” and “milli-day” from CTU-1.  Each day is split up into 100 “centi-days” in CTU-1.  This corresponds to dividing up the day into “hours” for CTU.  Each “centi-day” is further divided into 100 “milli-days”, where each “milli-day” corresponds to a “minute” from CTU.  Finally, each “milli-day” would be cut up into 1000 “micro-days”, where each “micro-day” corresponds to a “second” from CTU.  Calculations and conversions using these numbers would gain the advantages found in FTU.  Also, similar to FTU where time units are based on fractions of the largest base unit (seconds), CTU-1 would be a fractional system with time units based on its largest base unit (days).  (NOTE: every time unit name in CTU is unique – hour, minute, second – whereas in FTU and CTU-1 the names of the time units are based on the largest base unit – second, day).  The order of magnitude correspondence between the time units of CTU and CTU-1 are shown below.

	10 micro-days
	~
	1 second

	1 milli-day
	~
	1 minute

	1 deci-day
	~
	1 hour

	1 day
	~
	1 day


The order of magnitude correspondence shown above is not exact.  The time units of CTU-1 do not equal the time units of CTU exactly, so in order to understand their relationship, conversion factors between these time schemes must be derived.  These conversion factors are derived below (However, once CTU-1 is adopted as the prevalent time scheme, these conversion factors would no longer be necessary and therefore would not introduce the inefficiencies which CTU-1 is designed to avoid).
1 “CTU-1” day is equivalent to 1 “CTU” day

1 day = 1 day








1

10 deci-days = 24 hours, so dividing both sides by 10, 

1 deci-day = 2.4 hours.
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1 hour = 60 minutes, so multiplying both sides by 2.4, 

2.4 hours = (2.4 * 60) minutes = 144 minutes 



3
Setting “1” equal to “2”,

2.4 hours = 144 minutes = 1 deci-day
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To convert from deci-days to milli-days, multiply by 100.  
Therefore, 
1 deci-day = 100 mili-days 






5
Setting “5” equal to “4”,

100 mili-days = 144 minutes






6
Dividing both sides by 100 yields,

1 milli-day = 1.44 minutes






7
Finally, 1 minute = 60 seconds, so multiplying both sides by 1.44 yields,

1.44 minutes = (1.44 * 60) seconds = 86.4 seconds



8
To convert from milli-days to micro-days multiply by 1000.  
Therefore,

1 milli-day = 1000 micro-days 





9
Setting “9” equal to “8”,


1000 micro-days = 86.4 seconds
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Dividing both sides by 1000 yields,

1 micro-days = 0.0864 seconds
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However, since this last value (10) is an order of magnitude too small to our liking, we can multiply by 10 to arrive at 
10 micro-days = 0.864 seconds
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	Eqn 12
	10 micro-days
	=
	0.864 seconds

	Eqn 7
	1 milli-day
	=
	1.44 minutes

	Eqn 2
	1 deci-day
	=
	2.4 hours

	Eqn 1
	1 day
	=
	1 day


In addition to developing CTU-1, the approach shown above is useful as a guide in order to replace the current FTU (with its basis using seconds) with a revised FTU (with a basis using seconds), creating the “FTU-1” alternate time unit scheme.

For instance, FTU-1 “nano-days” would correspond to a FTU “millisecond”, FTU-1 “pico-days” would correspond to a FTU “microsecond” and FTU-1 “femto-days” would correspond to a FTU “nanosecond”.  In fact, the conversions between CTU-1 and FTU end up being fairly straightforward, as seen in the table below (although the calculations to get them are a bit more involved).  
For instance, 

1 micro-day = 1000 nano-days
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Dividing both sides by 100 yields,

.01 micro-days = 10 nano-days
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Which is equivalent to,

10 (.001) micro-days = 10 nano-days
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Now, using the FTU numbers from “12”,

10 micro-days = .864 seconds = 864 milliseconds
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Rearranging “15’ yields,

10 micro-days = (1000) 10 nano-days
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Setting “16” equal to “17” yields,


(1000) 10 nano-days = 864 milliseconds

Solving for “10 nano-days” yields,


10 nano-days = .864 milliseconds
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The conversions for the other FTU numbers are identical.
	-
	10 femto-days
	=
	0.864 nano-seconds

	-
	10 pico-days
	=
	0.864 micro-seconds

	Eqn 18
	10 nano-days
	=
	0.864 milli-seconds

	Eqn 12
	10 micro-days
	=
	0.864 seconds


However, since the number of solar days in a solar year is not evenly divisible by 10 (365/10 = 36.5), extension in the other direction, into time units beyond days is not as simple as the above approach.  For instance, 10 CTU-1 days would correspond to the CTU “week”, and 30 CTU-1 days could correspond to the CTU “month”, but this would lose out on the simple base 10 arithmetic of the previous units and it would ruin the continuity already established.  However, using 100 CTU-1 days (1 hecto-day) to correspond to a CTU “month” appears to be too lengthy, with only 3.65 CTU-1 “months” available per solar year when using this time scheme (roughly corresponding instead to solar seasons).  If the 30 CTU-1 day “month” were adopted, there would again be 12 of these months in a year, with roughly 5 – 6 days left over at the end of the solar year unaccounted for.  This situation was the standard practice for the early Roman Empire, until later calendar systems were adopted.  Therefore, using this system seems at first glance to be a step backwards instead of a step towards progress.  If instead the year were divided into 10 even units, this would mean that each month would have roughly 36.5 days, which again introduces “remainder” days, this time at the “month” unit instead of at the “year” unit, which does not rectify the difficulty.  Therefore, the current system using the Gregorian calendar is likely preferred for time units of months and years, since the solar year limitation is not avoidable.  However, the remaining time units developed above for CTU-1 are feasible, would work well were they to be adopted.  

The main drawback to the use of CTU-1 is the introduction of the factor of 10 at the micro-days time unit.  This is a minor conversion factor difficulty that is made up for by the advantages of calculations using base 10 arithmetic.  However, this factor of 10 carries over into the FTU-1 regime, suggesting that the border between the regimes is miss-placed for CTU-1 and FTU-1.  Also, the entire time unit scheme for CTU-1 and FTU-1 is a fractional scheme based on a day, so the name CTU-1 is no longer appropriate.  Instead, a candidate designation for the scheme would be the “fractional day unit” (FDU) scale (this is the CTU-1 and the FTU-1), with “FDU-1” corresponding to “days”, “deci-days” and “millidays”, and “FDU-2” corresponding to “10 micro-days”, “10 nano-days”, “10 pico-days” and “10 femto-days”.
CTU-2

Adoption of the FDU time unit scheme is only one candidate among many.  An additional candidate time unit scheme is the “12 unit” scheme.  Examination of CTU shows that there is a relationship between seconds, minutes, hours and days involving the number “12”.  This relationship is shown below.

	5 * 12 seconds
	60 seconds
	1 minute

	5 * 12 minutes
	60 minutes
	1 hour

	2 * 12 hours
	24 hours
	1 day


The number “12” is seen to be a natural choice as a unit of time, since it reoccurs frequently here, and like the number “10” in the “base 10” system is evenly divisible in each of the CTU time unit values.  This leads to development of the alternate time unit scheme “CTU-2”, where the base unit could be designated as a “twelve” (5 twelves in a minute, (5 * 5) = 25 twelves in 5 minutes, (5 * 60) = 300 twelves in an hour).

[image: image1]
This scheme is interesting because it uses the fact that each of the time units of CTU is divisible by 12, suggesting that there is a fundamental connection between the otherwise disparate conversion factors between CTU time units (60, 24).  However, the practicality of using this system is called into question when “12 unit” / “CTU-2” increments are compared with CTU time units.  For instance, since each minute has only 5 twelves, the granularity necessary for measurements and everyday time-keeping is severely impaired, even for non-technical or non-business oriented pursuits.  Imagine waiting 12 seconds to count off the passing of a single time unit.  However, the “second” time unit is the basis for a single “twelve” unit, the “second” time unit is contained within CTU-2 and can be used for these finer time increment measurements.  Therefore, the true purpose of the “twelve” unit is to track activities with more course-grained time scheme requirements.
Whereas granularity below the “twelve” time unit is impaired without the use of seconds, granularity above the “twelve” unit is actually increased using the “12 unit” scheme.  The “hours” or units of a day can be counted off as units of 1440 twelves (1 day).  Each “hour” is equivalent to 60 twelves, which is familiar from the CTU scheme.  However, if larger (fewer) divisions of a day are preferred, other multiples of 1440 can be chosen.  For instance, 1440 / 20 = 72 would provide 20 solar day divisions, each composed of 72 twelves.  20 is a nice round number that may be preferable to the 24 hours found in CTU.  If instead smaller (more numerous) time divisions is preferred, 1440 / 10 = 144 would provide 10 solar day divisions, each composed of 144 twelves.  This latitude in the creation of solar day divisions is another key factor in supporting the adoption of the “12 unit” time scheme.
Upon investigating the ideal number of solar day divisions (i.e.: “hours” in CTU), the first approach is to examine the redistribution of CTU “hours”.  A solar day is divided into 24 CTU hours.  The number 24 is evenly divisible by the numbers 1, 2, 3, 4, 6, 8, 12, and 24.  

	Units
	1
	2
	3
	4
	6
	8
	12
	24

	Whole
	24
	12
	8
	6
	4
	3
	2
	1


These numbers can be used to determine what would be reasonable for deciding how long an alternate “hour” should be.  For instance, if we wished to make every “hour” equal 2 CTU hours, each day would consist of 12 equal “hour” time units.  If instead we wished to make every “hour” equal 3 CTU hours, each day would consist of 8 equal “hour” time units.  Beyond 3 CTU hours, time schemes appear to be unreasonable, since the divisions of time are so few as to beg the question of the usefulness of having time units of these granularities at all.  For instance, the average user would ask “Why have 2-hour hours, when we can chop them in half and have 1-hour hours instead?”, which is not at all unreasonable.
1 hour units, 24 hour days

2 hour units, 12 hour days

3 hour units, 8 hour days
reasonable (
4 hour units, 6 hour days
not-reasonable (
6 hour units, 4 hour days

8 hour units, 3 hour days

12 hour units, 2 hour days

24 hour units, 1 hour day

 Redistribution of time units using the existing CTU “hours” in this fashion is not very practical, since the alternate time units are simply even multiples of the base time unit.  Also, there is nothing to be gained by changing time units in this fashion, as compared to what was posited above for CTU-1 and CTU-2.
CTU-3

The next step in deciding about what an alternate time scheme should look like is to assume that the time span making up a solar day can be divided into an arbitrary number of units.  Using CTU as a guide, we see that there are 60 seconds per minute, 60 minutes per hour and 24 hours per day.  
Multiplying these numbers together yields,

(60 s/min) * (60 min/hr) * (24 hrs/day) = 86400 sec/day
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Therefore, there are 86400 units composing a day.  We can divide this number into groups which will compose the solar day division units (i.e.: “hours”), by selecting a number which divides into 86400 evenly.
Dividing “86400” by the familiar “24” hours yields,

(86400 sec/day) / (24 hrs/day) = 3600 sec/hr
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Every CTU “hour” here consists of 3600 seconds.  Therefore, we could assign each “hour” to correspond to the value of the accrued seconds.  For instance, 1 AM = 3600, 2 AM = 7200, 12 NOON = 43200, and so on.  Using these large numbers to describe the time may become unwieldy, so the “hour” numbers could be foreshortened by dropping the trialing “00” values.  For instance, 1 AM = 36, 2 AM = 72, 12 NOON = 432, and so on, with the assumption that to get the proper time in seconds, one must multiply the number by 100.  Users would need to memorize these new “hour” values (36, 72, 432, etc.) in order to check the time or to make time calculations.  This alternate time unit scheme, called “CTU-3”, avoids time unit conversions, since all times are measured in the same unit of seconds.  In addition, CTU-3 meshes well with FTU (which is based on fractions of seconds), also avoiding unit conversion factors.  
CTU-3 should not be confused with so-called “military time”.  In “military time”, the standard time unit scheme of hours, minutes and seconds is employed.  However, the hours unit increases from 1 to 24 each day, instead of increasing from 1 to 12 Noon, resetting to 1 and increasing to 12 Midnight.  Thus, one might hear the time “2300 hours”, and assume that this “military time” is associated with the idea of CTU-3.  In spirit, it is associated with CTU-3.  However, “2300” hours conveys the idea that “23” standards for “11 o’clock” and “00” stands for “zero minutes after the hour”.  In CTU-3, “2300” means “2300 seconds after midnight”, which is a completely different time than in “military time”.

CTU-4

Although the result for CTU-3 is fairly straightforward and based on familiar numbers, it does not change the underlying time unit scheme of CTU.  The basic CTU unit of “seconds” and “hours” are unchanged, so that CTU-3 is just a subset of CTU, not a fully articulated alternate version.
Therefore, in order to arrive upon a fully articulated alternate time unit scheme using this approach, we can elect to change the number of “hours”, or solar day division units, we wish to have in our solar day.  We call this approach “CTU-4”.
For instance, instead of “24”, choosing the number “100” yields,


(86400 sec/day) / (100 units/day) = 864 sec/unit
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Therefore, we could elect to have 100 daily divisions (i.e.: CTU “hours”), each composed of 864 units (i.e.: “seconds”).  Since we have not changed the value of the numerator (“86400 sec/day”), the time unit “seconds” used here is still the same unit found in CTU.  However, we have now reduced the number of seconds of our “hour” unit from 3600 in CTU to 864 here.  Thus, the “hour” units for this scheme are about 4 times as small, or approximately equal to “15 minutes” in the CTU scheme.  This drastically shortened “hour” is not likely to be practical.
We could move on to select another value for the denominator other than “100”.  We would need to select a number which is evenly divisible into the numerator, “86400”.  These values include the following: 1, 2, 3, 4, 5, 6, 8, 9, 10, 12, 15, 16, 18, 20, 24, 25, 27, 30, 32, 36, 40, 45, 48, 50, 54, 60, 64, 72, 75, 80, 90, 96, 100, 108, 120, 128, 135, 144, 150, 160, 180, 192, 200, 216, 225, 240, 270, 288, 300, 320, 360, 384, 400, 432, 450, 480, 540, 576, 600, 640, 675, 720, 800, 864, 900, 960, 1080, 1152, 1200, 1350, 1440, 1600, 1728, 1800, 1920, 2160, 2400, 2700, 2880, 3200, 3456, 3600, 4320, 4800, 5400, 5760, 7200, 8640, 9600, 10800, 14400, 17280, 21600, 28800, 43200, 86400.
One can see that there are many choices to be made concerning the value of the numerator.  However, as was true for the redistribution of CTU “hours” above, the only numbers which are reasonable are those which are located near the number “24” in the list above.  The number “25” looks promising, as does the number “20”.  However, it turns out that “27” is probably a better choice.
Dividing “86400” by “27” we get,


(86400 sec/day) / (27 hours/day) = 3200 sec/hr

Using this nice “round” number, we look at its divisors, as we did for “86400”: 1, 2, 4, 5, 8, 10, 16, 20, 25, 32, 40, 50, 64, 80, 100, 128, 160, 200, 320, 400, 640, 800, 1600, 3200.
The most reasonable divisor value pairs here are “50” and “64”, or “40” and “80”, where multiplying a pair together equals the value “3200” (i.e.: 50 * 64 = 3200).  This would mean choosing to have 50 seconds per minute and 64 minutes per hour, or the reverse of 64 seconds per minute and 50 minutes per hour.  The same would be true for the other pairs.  At this point we see that simply changing the value of the denominator in the approach above does not yield values for “seconds per minute” or “minutes per hour” which are qualitatively “better” than the standard numbers of 60 seconds per minute and 60 minutes per hour.
CTU-5

One might next decide to investigate changes to the numerator in addition to changes to the denominator.  This requires that we change the basic unit “seconds”, stretching it or shrinking it to something other than the standard CTU value.  Shrinking the value of an hour was the approach used above for the denominator.  Redefining both “seconds” and “hours” at the same time here means that the alternate time unit scheme will no longer be related to CTU, except for the fact that both must be contained within a single solar day.
Using “21” above as a guideline, we select the value “100000” to be the number of smallest time increments representing a single day (compare to CTU day of “86400 seconds”).  We call these 100000 units “docens” (a near-anagram of “second”).  Next, we must decide how many additional time units we will have besides “docens”.  It is reasonable to elect to have 3 time units here, mirroring the 3 time units of CTU.  “Docens” represent the fine-grained measurements within this regime.  Therefore, the remaining time units should represent more course-grained measurements.  We select “numeti” (an anagram of “minute”) to correspond to CTU “minutes”, and “rohu” (an anagram of “hour”) to correspond to CTU “hours”.
Now we must decide how many “docens” will compose these largers unit of time, the “numeti” and the “rohu”.  The first calculation to be made is to decide on the number of docens per rohu.  Using CTU as a guide, we notice that a CTU day has 24 “hours”.  We elect to have “20” rohus per day, so that we can keep our solar day divisions similar to CTU.
This approach yields,


(100000 docens / day) / (20 rohus / day) = 5000 docens / rohu
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Now we must decide on the number of docens per numeti.  Again, using CTU as a guide, we see that there are 3600 seconds per hour, and 60 seconds per minute.  In order for our system of 5000 docens per rohu to mirror CTU, we should make our value of docens per numeti match fairly closely to the 60 seconds per minute ratio.  The way to achieve this mirroring is first to compare the two CTU ratios in a combined ratio.
Taking the combined ratio of “60 seconds per minute” to “3600 seconds per hour” yields,

(60 sec/min) / (3600 sec/hr) = 0.0167 hr/min

Using this result, we can formulate an analogous equation for docen, numeti and rohus,

(X docens/numeti) / (5000 docens/rohu) = 0.0167 rohu/numeti

Solving for “X” gives us a jumping off point from which to select our final value,


X = (5000 docens/rohu) * (0.0167 rohu/numeti) = 83.3 docens / numeti

We can see that the number “83.3” is not sufficient, since it is not an integer value.  However, it is a good “ball-park” number from which we can select a more appropriate value.  Looking at the values we have already (100000 docens per day, 5000 docens per rohu, 20 rohus per day) and comparing it with the value for “X” above, we elect to modify the value of X to be “100” docens per numeti., which is a nice “round” number that should be easy to use in calculations.
Now we can calculate the value of the number of numeti per rohu,

(5000 docens / rohu) / (100 docens / numeti) = 50 numeti / rohu

Summarizing and comparing with CTU,
	1 day
	24 hours
	<>
	1 day
	20 rohus

	1 hour
	60 minutes
	<>
	1 rohu
	50 numeti

	1 minute
	60 seconds
	<>
	1 numeti
	100 docens


	1 day
	24 hours
	1440 minutes
	86400 seconds

	1 hour
	60 minutes
	3600 seconds
	<>

	1 minute
	60 seconds
	<>
	<>


	1 day
	20 rohus
	1000 numeti
	100000 docens

	1 hour
	50 numeti
	5000 docens
	<>

	1 minute
	100 docens
	<>
	<>


This tactic of changing both the numerator and the denominator in the approach above has yielded numbers which could be said to be qualitatively “better” than the standard numbers for what is analogous to “hours per day”, “minutes per hour” and “seconds per minute”.  In addition, the conversion factors between time units within this time regime are much simpler than the conversion factors for standard CTU.  In this fashion, we have arrived at the next alternate time unit scheme, “CTU-5”.  
Unfortunately, CTU-5 does not mesh at all with FTU, because CTU-5 does not have the “seconds” unit which ties together CTU and FTU.  Therefore, an alternate FTU must be devised to accompany CTU-5, called FTU-5 (note that FTU-2, FTU-3 and FTU-4 do not exist as formulated here).
Looking at CTU and FTU again we see the following.

	1 minute
	60 seconds (s)

	1 hour
	60 minutes (min)

	1 day
	24 hours (hrs)


	1 nano-second (ns)
	1000 pico-seconds (ps)

	1 micro-second (s)
	1000 nano-seconds (ns)

	1 milli-second (ms)
	1000 micro-seconds (s)

	1 second (s)
	1000 milli-seconds (ms)


“Seconds” is the largest unit of FTU, but also the smallest unit of CTU.  Therefore, using CTU and FTU as a guide, we select the unit “docens” from CTU-5 to be our “largest” base unit for FTU-5.  The result is shown in the table below.

	1 nano-docen (nds)
	1000 pico-docen (pds)

	1 micro-docen (ds)
	1000 nano-docen (nds)

	1 milli docen (mds)
	1000 micro-docen (ds)

	1 docen (ds)
	1000 milli-docen (mds)


Now CTU-5 will mesh with FTU-5 using the “docens” base unit as the focus point.

Conclusions

Comparing CTU, CTU-1, CTU-2, CTU-3, CTU-4 and CTU-5 we are hard pressed to decide on a “best” approach.  It appears that after examining CTU-3 and CTU-4, we see that CTU is likely to be a qualitatively “better” choice over CTU-3 and CTU-4 options, simply because the unit conversion numbers that result in CTU-3 and CTU-4 are no better and no worse than what CTU already provides.  CTU-2 (“twelves”) as was noted above is useful because it retains the base unit of “seconds” and can therefore mesh with FTU.  Also, CTU-2 is flexible in that the number of solar day divisions is easier to formulate than with the other alternate schemes, especially CTU-4 and CTU-5 which require more involved calculations.  CTU-4 and CTU-5 allow for a more arbitrary distribution of time units across the span of a solar day, separating from the CTU model more completely than the other schemes.  CTU-1 uses FTU as a guide, using “day” as the base unit, with all other units being fractions of this base unit.  CTU-1 is better than most of the other schemes in regards to time calculations and conversions, except for CTU-5 which is perhaps even more accommodating to calculations than CTU-1.  CTU-1 is likely to be preferred for technical applications instead of for the average user.
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1 min





5 min





1 hour





(5 * 12 sec) = 


5 twelves





…





5 * (5 * 12 sec) = 


5 * (5 twelves) =


25 twelves





60 * (5 * 12 sec) = 


60 * (5 twelves) =


300 twelves





1 day





24 * (60 * (5 * 12 sec)) = 


24 * (60 * (5 twelves)) =


1440 twelves








