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1. the very fi rst step towards 
 representative sampling?

S(ylvanus) Albert Reed’s claim to fame is that he 
probably laid down in print the fi rst mathematical 

formula concerning representative sampling. As such 
he must certainly be counted among the founding fa-
thers of what later came to be known as the Theory 
of Sampling (TOS). We’ll deal with this formula in a 
later section, noting that this contribution was minor 
in respect of all else he achieved. We can compare 
him with Brunton (Giants of Sampling #2, in SST#2) 
in many ways possessing a wide range of skills and ac-
complishments. He made his money in a fi eld outside 
mining (some cynics would claim that making a fortune 
in mining isn’t possible). He bridged the academic Holy 
Grail: From an initial degree in arts, his course took him 
through science and engineering and into the money. 
Initially he pursued a career in mining, but this gave 
way to work in the insurance fi eld, electrical signal-
ing for railways, and general chemistry patenting, spe-
cifi cally an invention in generating electricity from coal 
gas culminating in the invention of the fi rst sustain-
able metal aircraft propeller. Like Brunton (see issue 
2 of SST), he patented then defended his patents ex-
tensively. In the compilation of literature available, his 
preferred form of address was S. Albert Reed, so we can 
deduce that (like many others) he was not fond of his 
given fi rst name and preferred Albert (or perhaps Bert/
Bertie?).

2. Family
Sylvanus Albert Reed was born on the 8th April, 1854, 
in Albany, New York, United States. His father was the 
Reverend Sylvanus S. Reed (13th July, 1821 – 16th Octo-
ber, 1870) and his mother was Caroline (Gallup) Reed. 

Sylvanus Albert Reed was married only once (when he 
was an insurance executive) and, sadly, the duration 
was short-lived as his wife, Elmina Wilshire Pomeroy 
(known as Ella or Ellen) died just after their second an-
niversary.  
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eDitor‘S note
Nowadays, Alan is on his own recognizance but scien-
tifi cally is not at all retired. He continues his magis-
terial series on “Giants on Sampling” this time on the 
history of one of sampling’s lesser known (very) early 
initiators.

3. Education

We are lucky to be able to trace Reed’s education and 
early career through Alumni publications of the Colum-
bia School of Mines. Prior to college, he was educated 
in various public and private schools including Albany 
Academy and several New York schools. Eventually he 
obtained fi ve degrees! 

• AB (1874) – an arts undergraduate degree, Colum-
bia University

• AM & ME (1877) – degrees from the School of 
Mines, Columbia University

• Ph.D. (1880) “The investigation of Professor May-
er‘s method of locating wave surfaces in media sur-
rounding sounding bodies”, Columbia University

• D.Sc (1929) – this was honorary in relation to his 
later aeronautic/propeller work

The Columbia University Class of 1874 Yearbook con-
tains two wonderful pictures of Reed aged around 20 
(Fig.1). In 1899, at the 25th Anniversary reunion pro-
vides another picture of Reed aged around 45 years old 
(Fig 2).

He made his contribution to sampling with two papers, 
one in 1882 and the other in 1885. However, in 1886 he 
made a switch from mining to Insurance Engineering, 
which appears to be quite a move. He specialized in 
electrical signals for railroad safety and patented ex-
tensively in this period. His major insurance work was 
the classic report on the ‘San Francisco Fire/Confl agra-
tion (1906)’, which followed the earlier earthquake.  
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Figure 1:  Photos of Sylvanus Albert Reed (age ~20) at Graduation. Courtesy of Columbia University Archives.

Figure 2:  Sylvanus Alvert Reed at the 1899 college Class  
 Reunion (age ~45). Courtesy of Columbia 
 University Archives.

4. Sampling
Sylvanus Albert Reed published two papers on sampling 
in The School of Mines Quarterly in 1882 and 1885 re-
spectively, surprisingly not based on his Ph.D. thesis 
of 1880. Although he had no further academic activity 
in the fi eld, he held some jobs in mining and sampling 
works that are documented in the Columbia University 
Alumni publications before his move into insurance.  

5. In medias res
His fi rst paper in 1882, entitled simple “Ore Sampling”, 
is a just a little over seven pages long. It is rather gen-
eral and descriptive. Early on he remarks, prescient to 
Pierre Gy, “Exact sampling must be assured, or a bid 
becomes merely a bet”. He further states that “the 
subject (sampling) has been more scientifi cally stud-
ied and carried nearer perfection in Colorado than any-
where else”. This indeed refl ects the emphasis on gold 
and silver ores in the mining papers around that time. 
He takes around three pages to describe his preferred 
method (probably used when he was employed in the 
fi eld) involving crushing and (split) shoveling reducing 
10 tons to 1 ton, eventually ending up with three sam-
ples (buyer, seller, referee/umpire) passing 80 mesh (~ 
180 microns) of about ¾’s of a pound (~ 340 g). 
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He displays a fi gure illustrating the ‘automatic part’ of 
his sampling process from which it is quite clear that 
this type of ri�  ing process is subject to what TOS to-
day would label as ‘delimitation errors’:

Figure 3:  The “Reed 1882 Automatic Sampler”

We are informed that the rods (‘b’ in the diagram) are 
there to “thoroughly mix the starting material” while 
at the bottom of chute ‘c’ one-tenth of the material 
is extracted only from the center of the chute along 
the inclined plane, ‘d’. This is where the claim to ‘rep-
resentative sampling’ is certainly not justifi ed. Reed 
comments “It would be an interesting problem to work 
out mathematically from the doctrine of chances, the 
principles of good sampling of an irregular mixture”.  

He explores this mathematics in his 1885 paper. How-
ever, in his 1882 paper, Reed gives four fundamental 
points regarding sampling that can be summarized as:

• A certain maximum limit in the sample to the ratio 
between coarseness and quantity (of sample to be 
extracted). This is related to the top particle size 
(x95 or x99 in modern literature)

• Minimum mass of sample to be extracted from the 
whole

• No selectivity in sampling – “free from any ten-
dency to select one set of particles at the expense 
of others

• Thorough mixing, and no tendency for sorting

The 1885 paper: “More remarks on Ore Sampling” be-
gins by stating three important principles:

1. Adequate mixing
2. Impartial selection
3. Proper relative comminution

He then states the important maxim: “In fact, it may 
be stated that the probable error in properly conducted 
ore sampling operations is less than the probable er-
ror of the assay of the sample when obtained”, a fact 
‘known’ (‘felt’) to be true for many years.  

Reed describes a number of forms (modes) of sampling 
from quartering to mechanical means concluding that 
of the mechanical methods “The latest and best is that of 
Mr. Brunton, described in a recent paper read before the Am. 
Inst. of Mining Engineers”. However, he is also quick to 
criticize Brunton: “Mr. Brunton, by the way, in his paper 
makes the misleading statement that the bulk of Colorado 
ore is sampled mechanically, whereas I will venture to say 
that 3/4 of the ore product of that State is sampled by hand”, 
a personality trait (mild autism/Asperger’s)? that we 
can observe throughout his literature and interactions 
with authorities. Reed then begins the most important 
part of this landmark paper by stating:

The divergence of any portion of a lot of ore from the aver-
age percentage composition of the whole is due to the excess 
or defi cit of one or more particles. The e� ect upon the result 
will be greatest when the pieces causing this divergence are 
of the largest size and richest quality. 
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He then defi nes a number of terms:

p = the quantity of the lot (in Troy ounces)
f = the number of parts into which we divide before 
selecting one as sample
k = percentage (of silver or gold in the richest speci-
mens in the lot)
s = sp. gr. of the same
m = the grade of the ore in ozs., per ton
D = diameter of largest pieces in the lot in inches
a = the number of pieces of size D, and k value, that can 
be in excess or defi cit in the portion chosen for sample

Working in the above units provides some conversion 
di�  culties. However, Reed does end up with a practical 
formula:

Figure 4:  The “Reed Formula 1885”

Figure 5:  Size to which various ore types need to be comminuted – “The Chart”

He is then able to provide an important summary table 
indicating the particle size to which certain ores need 
to be comminuted (see Fig. 5).

We note the reduction starting from 100 tons down to 
5 pounds and then ground below a certain mesh size 
for a laboratory assay sample. This is the classic chart 
and was used for the basis of a very similar chart in 
various of Heinrich O(scar) Hofman’s texts. Hofman 
was the second MIT mining professor after the fi rst, 
Robert Hallowell Richards, who will be the next Giant 
of Sampling in this series.

It is interesting to note Hofman’s estimated costs and 
their breakdown for the summer school. The Board and 
Lodging is attributed to $1.50/day for 24 days mak-
ing a total of $36, while the rail fares for the journeys 
including to and from Boston total $35. Washing and 
sundries make up $9. One wonders what comparable 
costs would be nowadays.

Hofman is responsible for attributing some important 
sampling generalities to Henry Vezin: “Vezin, in 1866, 
fi nding that with pyritic ores of Gilpin County, Colo. , 
running from 1 to 4 oz. of gold per ton, it was safe to 
cut down to 1 oz. a sample that had passed a 20-mesh 
screen, the diameter of the largest particle being 1 mm 
(1/25 inch) prepared the following table for this class 
of ores” (see Fig. 8). 
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Figure 6:  Heinrich Hofman Figure 7:  Summer school costs after Hofman 
 (source unknown)

Figure 8:  Vezin‘s Table (according to  Hofman)

It seems unlikely that this work can date back as far as 
1866 given that Vezin was living in Philadelphia at that 
time and had not yet moved west to Colorado. Hofman 
then talks of Reed’s calculation and provides a smaller 
and amended table to that of Reed’s above (see Fig. 9).

Hofman further expands the discussion by working 
with some of Brunton’s material that was discussed in 

Figure 9:  Hofman‘s summary of Reed‘s original table

the “Giants of Sampling 2” article. He shows a table 
developed for him by a certain Mr. Fr. Drake showing 
the minimum weights of sample needed for crushing 
diff erent ore types as examples (pyrites, silver, gold - 
see Fig. 10). 
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Obviously, this is a fairly complex table. The rest of 
Hofman’s sampling chapter deals with the classic sam-
pling methods – quartering, shoveling (split and alter-
nate), various types of ri�  er device (e.g., Jones) and 
mechanical samplers of the Bridgman, Constant, Brun-
ton, and Vezin varieties.  

A similar table derived from Reed’s calculations is dis-
played in the Clennell’s ‘The Cyanide Handbook’ (1915), 
indicating that it had infl uenced mining sampling for at 
least 30 years (Fig. 11).

Figure 10:  Hofman‘s Table based on Brunton calculations

Figure 11:  Table from the ‘Cyanide Handbook’ following 
 Reed‘s method and formulae

Figure 12:  Clennell‘s table (attributed to Harvey) in the
  ‘Cyanide Handbook’

Figure 13:  Alfred Harvey‘s Table from MSP Volume 88 1904

Clennell had given an earlier table, attributed to Al-
fred Harvey (Fig. 12), which was published in Mining 
and Scientifi c Press Volume LXVIII (88) in January 1904 
(Fig. 13). 

The last line in this table (“5 lbs. to 10 assay tons”) is 
an obvious misprint and should probably read 5 pounds 
to 10 ounces (oz.).
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Figure 14:  March 19, 1926. Orville Wright (far right), chairman of contest committee of National Aeronautic Association, 
 presents the Collier Trophy for 1925 to Dr. S. Albert Reed (second from right), aeronautical engineer, in 
 ceremony at Bolling Field, Washington, D.C.  Picture Courtesy of Wright State University Libraries’ Special 
 Collections and Archives.
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6. moving into aviation

Reed retired from insurance engineering on October 
31st, 1912 (aged 58) and moved into aviation via an at-
tempt to invent a better foghorn. This ‘foghorn’ turned 
out to be a route to make an all metal, durable propel-
ler which proved excellent for high-speed applications. 
There were many wins in the historical Schneider and 
Pulitzer Trophy events with his design, especially when 
paired with the Curtiss D-12 engine plus air speed re-
cords in the 1920s and 1930s.
All this work led to Reed being awarded the Collier 
Trophy in 1925, which is awarded annually for “the 
greatest achievement in aeronautics or astronautics in 
America, with respect to improving the performance, 
e�  ciency, and safety of air or space vehicles, the value 
of which has been thoroughly demonstrated by actual 
use during the preceding year” (From Wikipedia).

Figure 15:  Presentation of the 1925 Collier Trophy to Reed  
 by Orville Wright, Bolling Field, March 19, 1926. 
 From Aviation April 19, 1926, Page 605.
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available).  More material has come to light and I in particular would like to thank Jocelyn Wilk of the Columbia Uni-
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This article is probably the fi rst time these pictures have seen the literary light of day.  I would also like to thank 
Grace Ethier of Wright State University for tracking down two pictures that appeared in AAHS Journal – pictures of 
the 1925 Collier Trophy presentation are rarer than hen’s teeth, it appears.

7. Legacy
Reed bequeathed to the Institute of the Aeronautical 
Sciences (IAS) ten thousand dollars ($10000) to en-
dow the “Sylvanus Albert Reed Award”. A cash award of 
the sum of $250 would be awarded annually and Reed 
himself wrote the fi rst check on Thursday January 30th, 
1934. This award (now called the Reed Aeronautics 
Award) is considered the “highest honor an individual 
can receive for a notable achievement in aeronautics 
that represents a signifi cant engineering advancement 
milestone”. The approximate value of $250 USD in 
1934 is approximately $6,000 in 2024, and $10000 in 
1934 is worth around $250,000 USD today.

Sylvanus Albert Reed died on 1st October 1935 after a 
“short illness”. He is buried with his parents and wife in 
All Saints Memorial Church Cemetery, Navesink, Mon-
mouth County, New Jersey, USA (Plot: Section 1E, Lot 
12).  

Below we end this exposé with his Columbia Univer-
sity Alumni Federation card (with the poignant stamp 
“Dead” on it) that includes an obituary on the right:

Figure 16:  Columbia University Alumni Federation Card “Dead”.  Courtesy Columbia University Archives.
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