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PREFACE

In the field of seed technology there is a wealth of technical informa-
tion that has never been brought together in a form immediately avail-
able to laboratory workers. Some of this information has been
published in journals and proceedings of associations and societies of
widely differing interests, and in mimeographed form, whereas some
has never been published. In order that much of the practical infor-
mation may be readily available to seed technologists, instructions for
conducting laboratory tests and pertinent background information are
set forth in this publication.

With respect to the results obtainable in seed testing there are two
principal requirements: (1) The results should indicate, as nearly as
possible, the actual planting quality of the seed lot; and (2) the tests
should be made in such a manner that the results can be reproduced
within calculated limits. During the last 50 years seed testing in the
United States has developed to the extent that rather specific rules or
instructions for carrying out the tests have been devised and published.
These rules are the basic guides for officially testing seed in the admin-
istration of Federal and State seed laws and are generally followed by
private and commercial technologists as well. In spite of these specific
rules, however, wide variations frequently exist among laboratories,
with respect to test results on seeds of the same quality. One of the
principal reasons for these variations is the lack of detailed instruc-
tions for the application of the rules for seed testing.

This manual has been prepared primarily as a working tool to be
used for instruction purposes aimed at reducing the variations in test
results. If used by seed technologists generally, the manual can serve
as an important instrument in standardizing procedures, equipment,
and interpretations with the result that these variations should de-
crease. It may also serve temporarily as an instruction manual in
agricultural colleges and provide the necessary incentive to encourage
additional colleges to offer instruction in seed technology, thus alleviat-
ing the present critical personnel situation.

Seed technology covers a broad field. It includes a knowledge of
seeds of agricultural, vegetable, flower, herb, orchard, and forest plants
as well as of equipment and supplies essential to testing. Owing to
the fact that this manual has been prepared primarily for technologists
working on those kinds of commercial seeds which are subject to Fed-
eral and State regulation, the information contained herein is limited
to agricultural and vegetable seeds, domestic or imported.

An attempt has been made to present the information in the most
usable arrangement without undue repetition. To accomplish this
it seemed necessary to include in certain sections information appli-
cable to many or all kinds of seeds and in other sections information
applicable to smaller but related groups of seeds. Those workers
and students who may be interested in more basic information per-
taining to seeds will find three brief treatments near the back of the
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manual under the headings: “Development, Structure, and Hereditary
Characteristics of Seeds,” “Physiology of Seeds,” and “Pathological
Considerations in Seed Testing.” In order to present the information
in a concise manner it was necessary to use certain technical and in-
frequently used common terms. Thus, a glossary of terms has been
provided for the reader on pages 319 to 327.

This manual supersedes Miscellaneous Publication No. 437, Test-
ing Farm Seeds in Home and School, published in 1942,
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INTRODUCTION

SEED is both an important item in commerce and a basic commodity

in agriculture, being essential for the propagation of crops and per-
petuation of germ plasm. It is of extreme importance that the grower
know something of the quality of the seeds he plants. However, it
is not possible for the average person interested in seeds to learn
much of their quality by visual examination. Thus, the responsibil-
ity of providing information pertaining to seed quality has been
placed upon the seed merehant, and State and Federal governments
are charged with the responsibility of checking to determine whether
the requirements are carried out.

To meet these responsibilities, the seed must be tested (1) by the
seed merchant in order to label it properly, and (2) by the seed con-
trol official to determine whether it is correctly labeled when offered
for sale. The primary objective in seed testing is to obtain accurate
and reproducible results regarding the purity composition, rate
of occurrence of noxious-weed seeds, and percentage of seeds that
can be expected to produce normal plants under favorable conditions.
In some instances such additional information as presence of seed-
borne fungi, origin, or varietal purity, is desired. Thus, seed testing
provides information for: (1) Planting purposes; (2) labeling pur-
poses; (3) establishing prices; and (4) seed control work.

RULES FOR TESTING SEED

The result of a test on a seed sample should be a fair measure of
its quality and the test should be made by such methods that the results
can be reproduced by other laboratories testing like samples. To
make the latter possible, rules for seed testing have been developed
and published. The present rules are rather specific in their require-
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‘ments, which is essential if uniform test results are to be expected.
Although specific rules are desired, caution must be observed in de-
veloping them so as not to exclude the proper testing of seed stocks
which do not respond to the usual testing conditions for the kinds
under- consideration. Frequently, seed lots of a given kind differ in
their germination requirements, the difference depending on such
factors as: (1) Length of time between harvest and test date; (2)
conditions during seed maturation; and (8) storage conditions sub-
sequent to harvest.

The rules for seed testing must be practical and capable of applica-
tion. Owing to the large number of samples that laboratories are ex-
pected to test, the methods must permit testing with a minimum of
effort and time on the part of the analyst, and the demands for early
test results usually require that the tests be completed within the least
number of days possible. Formerly, the work load in many labora-
tories was not heavy and many samples could be handled as minor
research problems, but that is not possible in the average laboratory
today.

Tlf; earliest rules for seed testing in the United States were pub-
lished as Circular No. 34 of the Office of Experiment Stations, United
States Department of Agriculture, in 1897, under the title “Rules and
Apparatus for Seed Testing.” There have been numerous revisions
and improvements in the rules since that time, some revisions having
been published by the United States Department of Agriculture and
some by the Association of Official Seed Analysts. Two sets of Rules
for Seed Testing are in use in the United States. These have been
developed jointly by the U. S. Department of Agriculture and the As-
sociation of Official Seed Analysts and are published separately by
each (48,6).* Owing to the close cooperation in developing the rules
there are only a few minor differences in the two sets of rules. Hence,
the expressions “Rules for Seed Testing” or “rules” as used in this
publication will refer to both sets of rules. These can be found on
pages 3828 to 368 in this manual.

Seed-testing stations in other countries have their own rules for
seed testing. The Scandinavian countries have developed a set of
rules to be used in Denmark, Norway, and Sweden. The International
Seed Testing Association has had a set of international rules in effect
since 1934. These rules are rather general but are currently being
revised along the lines of the American and Canadian rules.

Improvement in the methods of testing seed is highly desirable. It
may include: (1) Reducing the total amount of effort required in
maKing the tests; (2) completing tests within a shorter period of time;
(3) obtaining more accurate and uniform results than present methods
permit; (4) new kinds of agricultural and vegetable seeds; and (5)
additional groups of seeds such as flower seeds and tree seeds. There
are two means of obtaining data for improving the methods of testing :
(1) By aecumulation of results from routine testing, particularly when
more than one method is employed ; and (2) through research designed
to solve specific problems. DBoth methods have been important in
developing the present rules but most improvements in technique at
present result from research. This will probably continue to be the
case in the future.

* Italic numbers in parentheses refer to Literature Cited, pp. 297 to 299,



TESTING AGRICULTURAL AND VEGETABLE SEEDS 3

FEDERAL SEED ACT

It is not within the scope of this manual to set out the complete
details of Federal and State laws and regulations relating to the sale,
transportation, and distribution of seed. The Federal Seed Act, en-
acted by the United States Congress in 1939, applies to imported seed
and to seed in interstate commerce.

IMPORTED SEED

Agricultural and vegetable seeds imported into the United States
must meet minimum standards for pure-live seeds, must not contain
more than 2 percent by weight of weed seeds, and must not contain
designated noxious-weed seeds in excess of the number specified in
the act. Imported alfalfa and red clover seeds must be stained to
indicate origin. Imported seed is not required to be labeled but if
labeled the information must not be false or misleading in any respect.

SEED IN INTERSTATE COMMERCE

Agricultural seed moving in interstate commerce is required to be
truthfully labeled to show: (1) The name of each kind, kind and
variety, or kind and type of agricultural seed present in excess of 5
percent; (2) percentages of pure seed, other crop seed, weed seed,
inert matter, germination, and hard seeds, when present; (3) the
name and rate of occurrence for each secondary or permissible noxious-.
weed seed and otherwise to comply with the noxious-weed seed re-
quirements of the State into which the seed is shipped; (4) the date
the test was made to determine the percentages of germination and
hard seeds shown on the label, and the test is required to have been
made within a 5-month period prior to shipment; (5) lot designation ;
and (6) name and address of shipper or name and address of consignee
together with the shipper’s code designation.

Vegetable seed is required to be labeled to show: (1) The name of
the kind and variety; and (2) name and address of shipper or name
and address of the consignee together with the shipper’s code designa-
tion. Vegetable seed must meet the minimum germination standards
established under the Federal Seed Act, or, if below standard, must
be labeled to show the percentage of germination, the percentage of
hard seed when present, the date of test, and the words “Below
Standard.”

STATE SEED LAWS

The interstate section of the Federal Seed Act is frequently referred
to as a Truth-in-Labeling Law and represents the pattern of the State
seed laws. However, there is considerable variation in detail among
the State seed laws. For example, a few States require that the name
of the variety be given on the label for agricultural seeds. Some
require that the germination test shall not have been made more than
6 months prior to the date the seed is sold whereas other States permit
as much as 12 months to elapse after the test and before sale, and a
few do not make any reference to the date of test.

The State seed laws differ more in their noxious-weed seed require-
ments than in any other respect. This difference applies to both the
manner in which the amounts of noxious-weed seeds are expressed and
in the species considered noxious. Although each State has its indi-
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vidual list of noxious-weed seeds some measure of success has been
gtta:ined with respect to establishing noxious-weed lists on a regional
asis.

Most States have a list of noxious-weed seeds which are prohibited,
and another list of seeds which are permitted up to an established
maximum provided the name and rate of occurrence of each kind
appear on the label. In some States the former are referred to as
“?’rohibited Weeds” and in other States as “Primary Noxious Weeds.”
Weeds falling into the second list are usually referred to as “Secondary
Noxious Weeds.” The early seed laws were enacted to protect the
consumer, but more recently 1t has become evident that good seed laws
coupled with good administration offer protection to the scrupulous.
seedsman as well as to his ultimate customer.

SEED-TESTING LABORATORIES IN THE UNITED STATES

In order to carry out the intent of the laws pertaining to seeds,
each State or Federal agency charged with administering such laws
must have means of testing seed samples. The seed laws in most
States are administered by the State departments of agriculture, al-
though in a few States administration of such laws is the responsi-
bility of the State colleges of agriculture or experiment stations. In
approximately one-half of the States the official seed-testing labora-
tories are located in the State departments of agriculture, whereas
in approximately 20 States they are located at the State colleges of
agriculture or experiment stations. In 4 States other provisions are
made for testing.

The Federal Seed Act is administered by the Grain Branch, Pro-
duction and Marketing Administration, U. S. Department of Agri-
culture. All testing incident to the administration of the act is
carried out by the Grain Branch, except that a few samples are tested
annually by the seed laboratory of the Board of Commissioners of
Agriculture and Marketing, Honolulu, T. H. Federal stations are
located at Beltsville, Md., New Brunswick, N. J., Minneapolis, Minn.,
Montgomery, Ala., and Kansas City, Mo. Federal-State cooperative
stations are located at Sacramento, Calif., and Corvallis, Oreg.

The Federal seed laboratories do not conduct service tests for the"
general public but most State laboratories perform this service insofar
as their personnel and facilities permit. In some States, service test-
ing is limited to residents of the State but in other States there are
no such restrictions. A high percentage of the seed in commercial
channels is tested by commercial and private technologists. Com-
mercial laboratories are operated on a fee basis to serve the general
public, particularly such groups as seedsmen and farmers. Private
laboratories are operated by seed firms, solely or principally for their
own use. Since the test results obtained by commercial and private
analysts are ordinarily used for labeling seed in commercial channels,
such analysts find it necessary to follow the official rules for seed
testing.”



SEED SAMPLING AND TESTING EQUIPMENT

SAMPLING EQUIPMENT
TRIERS OR SAMPLERS

Triers are commonly used in sampling seeds in bags and bins. The
most commonly used instrument is known as a sleeve-type trier which
consists of a hollow brass tube inside a closely fitting outer shell or
sleeve. The tube and sleeve have open slots in their walls so that
when the tube is turned until the slots in the tube and sleeve are in
line, seeds can flow into the cavity of the tube, and when the tube
is given a half turn the openings are closed. The tubes vary in length
and diameter, being designed for different kinds of seed and sizes of
bags. In sampling seed in bags the following sizes of triers have been
found suitable : For clovers and other small, free-flowing seed, 30-inch
trier with outside diameter of 14 inch and 9 slots; for cereals, 30-inch
trier with outside diameter of 1 inch and 6 slots. The 11-inch bag
trier which is only 34 inch in diameter may be used to advantage
in sampling small bags of clover and similar seeds. It is a sleeve-
type trier with a single slot in the outer casing near the pointed end.
Seed is admitted into the tube by withdrawing the tube past the slot.
This trier makes a very small hole which is important in sampling
seed in cotton bags; however, it should not be used in sampling large
bags as the trier is not long enough to reach the most distant parts.

Bin samplers are constructed on the same principle as seed triers
but are much larger, ranging up to 63 inches in length and 114 inches
in diameter with 6 or 9 slots. Many seed inspectors use a 6-, 9-,
or 12-inch thief-type trier. This trier is not described because its
construction and size do not permit sampling in accordance with the
rules. Different types of triers are illustrated in figure 1.

DIVIDERS

Soil divider—Perhaps the most simply constructed divider suitable
for seed-testing work is the soil sampler which consists of a hopper
with attached channels or ducts, a frame to hold the hopper, two re-
ceiving pans and a pouring pan (fig. 2). Ducts or channels, 14 inch
wide, lead from the hopper to the collecting pans. There are 18 of
these channels, alternate ones leading to opposite sides. The maximum
dimensions are: 14 inches long; 10 inches wide; and 11 inches high.
In using the divider the seed is scattered fairly evenly in a pouring
pan. the length of the hopper and poured in at approximately equal
rates along the entire length of the hopper. This sampler is used in
dividing samples of large seeds and chaffy grass seeds. B

Boerner dividers—The most commonly used mechanical seed di-
viders at the present time are the Boerner dividers. There are two
dividers which differ in size, but which are made on the same plan.
The essential parts consist of a hopper, inverted cone, and a series of
baffles directing the seed into two spouts. The baffles form alternate
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Fieure 1.—Sleeve-type seed and grain triers. I'rom left to right: Bin sampler
for grain; bag trier for grain; bag trier for clovers and other small seed;
11-inch bag trier ; two thief-type triers that are not recommended.
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channels and spaces of equal width. They are arranged in a circle at
their summit and are directed inward and downward, the channels
leading to one spout and the spaces to an opposite spout. A valve or
gate at the base of the hopper retains the seed. When the valve is
opened the seed falls by gravity over the inverted cone where it is
evenly distributed to the channels and spaces, then passes throngh the
spouts into the seed pans.

In the large divider, designed for large seeds and grains, there are
19 channels and 19 spaces, each 1 inch wide. In the small divider,
designed for small free-flowing seeds, there are 22 channels and 22
spaces, each %4 incli wide. The over-all dimensions of the dividers
are as follows: Large divider, 32 inches high and 14.5 inches in diame-
ter ; small divider, 16 inches high and 6 inches in diameter.

Figure 2.—Soil divider. A good divider for large seeds, such as corn and beans,
and for chaffy grass seeds.

The following construction features should be observed when pur-
chasing a Boerner divider: (1) The sliding valve should move with
ease but not allow seeds to pass along the edges when closed ; (2) shar
angles should be reduced to a minimum and there should be no small
openings or rough edges on surfaces over which seeds flow. Seeds may
lodge in these angles and crevices and be carried into other samples.
The Boerner dividers are illustrated in figure 3.

Kny-Scheerer divider—In the Kny-Scheerer divider the seed is
spun around in a rotating hopper and divided into two approximately
equal parts as it flows downward. The funnel-shaped hopper with
valve is rotated by a hand-operated crank. While in motion the seeds
are spun around with the hopper, and the valve is gradually opened
either by screw adjustment or by manual manipulation. As the seed
falls downward it is divided into two parts by stationary baffles and
passes through spouts into the receiving pans (fig. 4).
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Gamet precision divider~—The Gamet divider (fig. 5) makes use of
centrifugal force to mix and scatter the seeds over the dividing sur-
face. In this divider the seed flows downward through a hopper on
a shallow rubber cup. Upon rotation of the rubber cup by an electric
motor the seeds are thrown out by centrifugal force and fall down-
ward. The circle or area where the seeds fall is equally divided into
two parts by a stationary baflle so that one-half the seeds fall in one
spout and one-half in the other spout. In using this divider care
must be exercised in dividing very small samples as it is possible
that a majority of the seeds may come out in one spout.

Froure 3.—Boerner dividers: 4, Desigued for dividing cereals and other large
seed ; B, designed for clovers and other small, free-flowing seed.

Hay-Bates divider—This is a rather large divider intended pri-
marily to eliminate undesirable dust when dividing seeds such as beet
and chaffy grasses, and those treated with poisonous fungicides (fig. 6).
The principle involved in dividing the sample is similar to that eni-
ployed in the Boerner divider. However, instead of a circular arrange-
ment of the channels, the construction and arrangement are similar to
those of the soil divider previously described. The baflles which divide
the neck of the hopper into equidistant channels are built into the
hopper. This entire unit can be removed and replaced with hoppers
having channels designed for three sizes of seeds. The seeds fall down-
ward for a considerable distance throngh two cavities, each leading to
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a separate seed pan. At the rear of the divider is a small vacuum
attachment operated by an electric motor, the speed of which is regu-
lated by a rheostat. In operation, the vacuum motor is turned on
and the rheostat adjusted so there will be a slight suction in the

vgieT

FI16URE 4.—Kny-Scheerer divider.

cavities through which the seed falls. Any dust extracted from the
seed is collected in a bag attached to the vacuum outlet. ,
Ottawa divider—The Ottawa divider (fig. 7) is a precision divider
intended for use with free-flowing seeds the size of flax and smaller.
The seed is introduced into a hopper and then falls down a shaftlike
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column during which time it undergoes repeated divisions and re-
combinations to insure proper mixing. Near the bottom of the column
is a movable baffle resting on knife edges of regular balance construc-
tion. The tilt of the baflle determines the proportion of seed that will

Froure 5—Gamet divider; also known as Gamet precision divider.

flow into each of the two seed pans. Lo divide the sample into two
parts of equal weight the seed 1s allowed to run gently through the
leveled divider without any further adjustment. Unequal divisions
can be made as desired by adding weights to one of the pans.
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I'1cure 6.—Hay-Bates divider. Seed pouring pan on left.

Fieure 7—Ottawa divider: 4, front view; B, dividing column swung around;
O, details of balance construction and hopper. Explanatory legend: sh, seed
hopper ; pr, pointer ; bb, balance beam ; pn, pan; I3, leveling screws; Ip, lock pin;
1, level; sbha, spout and balance mechanism swing away; mb, movable baffle;
e, mounting for knife-edge and indicator; b, seating for movable knife-edge
of movable baflle; &, hopper; s, spout.

057116—52 2
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AIR BLAST FOR CLEANING SEED DIVIDERS

It is imperative that seed from one sample not become commingled
with other samiples. However, this is always a possibility in dividing
the samples unless the greatest precaution is taken to dislodge any
seed that may remain in the divider. Air blast can be used to clean
this equipment. Laboratories which are housed in regular laboratory
buildings usually have air lines hooked up with a central pumping
system. In the absence of a central system a small portable electric
blower can be obtained. -\ convenient and useful portable blower is
Nustrated in figure 8.

I'igure S.—Blower for use in cleaning seed dividers.

EQUIPMENT FOR PURITY TESTING
WORKBOARD

Tables or desks at which analysts make purity tests should average
30 or 31 inches high. In order to minimize fatigue of the eyes, neck,
and shoulders the work must be elevated 3 to 6 inches above the level
of the table top. This is accomplished by a workboard which is illug-
trated in figure 9. The height of the workboard should be constructed
in accordance with the individual’s needs, and the slope of the arm
rests is important in reducing fatigue of the arms and shoulders.
There are several modifications of the workboard, especially with
respect to the covering. The top of the workboard illustrated in
figure 9 is constructed of soft wood so that thumbtacks may be used
(o fasten a heavy grade of paper on which the seed is placed, Some
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analysts prefer a glass slab as a working surface. If plate glass is
used, it should be covered with nonglare and nonreflecting paper. A
small drawer may be built into the workboard to hold forceps, lenses,
and similar instruments or as a receptacle for the pure seed component.
The arm rests may be attached to the body of the workboard at about
a 30-degree angle from the horizontal. This provides support to the
arms for a greater distance than in the model illustrated.

F1cUure 9.—Workboard, the working surface of which is made of soft wood and
covered with paper as described in text.

FORCEPS AND SPATULA

Fine-pointed forceps are necessary for testing small seeds and are
usually preferred over blunt forceps when testing larger seeds. Ifor-
ceps are not standardized but for purity work they should be slightly
flexible, offer slight resistance to pressure, and should be about as sharp
as a common pin.  Some analysts prefer to make the separations with

a spatula or horn.
MAGNIFIERS

A b X- 6 X~ or7 X-hand lens with wide field is necessary and will
neet most of the seed analyst’s requirements. The doublet-type
magnifier is not satisfactory because the focal distance is so short
the observer’s hand and head usually cast a shadow on the seed being
analyzed and the correction is not sufficient to give a plane field. The
triple aplanat (triplet) magnifier is preferred and usually has good
correction,

Reading glasses may be useful in making noxious-weed seed exami-
nations on seeds the size of vetch and cereals. There are reading
glasses (1) with handle for holding in the hand, (2) mounted on an
adjustable stand, and (3) mounted on a flexible arm attached to a
heavy base. The principal objection to reading glasses is the curved
field which they give, resulting in eyestrain.

MICROSCOPE

A wide-field stereoscopie microscope with at least 3 pairs of objec-
tives giving magnifications of approximately 10 to 15, 20 to 40, and 50
to 75 1s essential. Microscopes with a revolving nosepiece are prefer-
able to those having removable objectives. A compound microscope
is not essemtial for purity work.

SCALES AND BALANCES

A scale having a capacity of at least 1,000 grams and accurate to
0.5 gram is essential. A rapid-acting scale is highly desirable. Table
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models having a calibrated face behind a movable indicator are avail-
able. The weights can be read almost immediately in grams to an
accuracy of 0.5 gram.

A torsion balance having a capacity up to approximately 120 grams
and accurate to 0.01 gram is standard equipment. The working parts
should be enclosed in a glass case and the pans protected with a
hinged glass cover or hood for increased accuracy in weighing.

A chainomatic analytical balance with notched beam, or a keyboard-
type balance, with sensitivity of 0.05 milligram is required. Numer-
ous balances are satisfactory. A magnetic damping device will reduce
the time required for weighing. Large laboratories will probably find
it economical to use one of the new type semiautomatic balances, such
as the “gram-atic” balance, even though they are very expensive.

To keep scales and balances in proper operating condition, they
should be: (1) Placed on solid tables (preferably stone-top tables)
which are not subject to vibration; (2) checked at the beginning of
each series of use to see that they are in balance; and (3) checked
regularly (about once a year) by a factory representative or some
other person completely familiar with their construction and use.

SEED CONTAINERS

Several kinds of seed containers should be readily available to the
analyst. These include shell vials with cork stoppers, Petri dishes,
50 cm. in diameter and 10 cm. high, sets of aluminum dishes which
nest together when stacked, gelatin capsules, and envelopes of assorted

sizes.
SAMPLE PANS

Sample pans are of different sizes but all should be tapered at one
end to serve as a spout when pouring the seed. They should have no
sharp angles, rough surfaces, or cracks in which small seeds may get
lodged.

SIEVES

Each laboratory should have at least one set of dodder sieves, con-
sisting of 10 to 12 sieves with diameter of the holes ranging from 0.5
mm. to 3.5 mm., and additional sieves with round holes as well as rec-
tangular and oval slots. The sizes of openings should be graduated at
close intervals and designed for the kinds of seeds tested. The bottom
should be of single piece construction and the angle made by junction
of the bottom and sides should be rounded out to prevent the lodging
of seeds. Dodder sieves are illustrated in figure 11 ¢ and D.

DIAPHANOSCOPE

So far as is known there is no commercial firm in the United States
that manufactures a diaphanoscope. The principle of the diaphano-
scope makes use of a beam of light directed obliquely upward through
a small hole in the top of a workboard or similar base. Outside light
should be excluded or reduced considerably for best results. A satis-
factory diaphanoscope can be constructed as follows: Use an or-
dinary workboard 4 to 6 inches high and through its top bore a 1%;-
inch hole, centrally located from end to end and 2 inches from the front
side. Mount a concave mirror below and to one side of the opening so
it will receive light from the direction of the back of the board and
reflect it obliquely through the small hole in the top of the workboard,
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away from the worker’s eyes. Cut a slot in the rear of the workboard
to allow light to enter. A microscope lamp placed on the table behind
the workboard with its beam directed against the mirror will provide
the necessary illumination. If desirable a reading glass can be used
as a condenser by placing it between the lamp and mirror.

In lieu of the assembly just described, the lamp can be detached from
its base and mounted below the workboard so the direct beam will pass
obliquely through the hole in the top of the workboard. If this mount--
ing is used, the mirror is not required but openings for ventilation
must be provided to prevent the accumulation of hot air below the
working surface.

The diaphanoscope may be placed in a dark corner or closet, or a
hood may be constructed which can be placed on the table and around
the diaphanoscope. The hood should be approximately 86 inches
long, 18 inches deep, and 28 inches high. It may be made of light
frame construction covered with heavy dark cloth, plywood, Masonite,
or similar material. A coat of black paint inside the hood will aid
in absor