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ABSTRACT 

The KFM is a homenad? fallout meter that can be made 
using only materials, tools, and skills found in millions 
of American homes. It is an accurate and dependable 
electroscope-capacitor. The KFM, in conjunction with 
its attached table and a watch, is designed for use as 
a rate meter. Its attached table relates observed dif
ferences in the separations of its two leaves (before 
and after exposures at the listed time intervals) to the 
dose rates during exposures of these time intervals. In 
this manner dose rates from 30 mR/hr up to 43 R/hr can be 
determined with an accuracy of ±25Z. 

A KFM can be charged with any one of the three expe
dient electrostatic charging devices described. Due to 
the use of anhydrite (made by heating gypsum from wall-
board) inside a KFM and the expedient "dry-bucket" in 
which it can be charged when the air is very humid, this 
instrument always can be charged and used to obtain 
accurate measurements of gamma radiation no matter how 
high the relative humidity. 

The heart of this report is the step-by-stcp illus
trated instructions for making and using a KFM. These 
instructions have been improved after each successive 
field test. The majority of the untrained test families, 
adequately motivated by cash bonuses offered for success 
and guided only by these written instructions, have 
succeeded in making and using a KFM. 

1. THE NEED FOR TRUSTWORTHY FALLOUT METERS THAT UNTRAINED 
AMERICANS CAN QUICKLY MAKE AND USE 

If the.United States were to suffer a nuclear attack, most Americans — 
especially those outside the cities and therefore most likely to survive — 
would lack instruments to Inform them concerning the changing dose rates 

Graduate student, Vanderbilt University, Nashville, Tennessee. 
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from fallout in their immediate vicinity. At present most of hundreds 
of thousands of civil defense rate meters and dosimeters are kept in 
cities in storage or in shelters unlikely to survive an all-out attack. 
Only a very small fraction of one percent of citizens possess fallout 
meters, or could obtain meters from private sources during an escalating 
crisis. The number of conventional fallout meters at present for sale, 
plus those that could be issued from government facilities during a 
crisis, plus those that could be produced by factories during an esca
lating crisis — all of these together would be entirely inadequate to 
meet the needs of the tens of millions of individuals who would seek 
protection from fallout in many millions of separate buildings and expe
dient shelters. 

Nor would radio reports of fallout intensities be of much use to a 
large fraction of the tens of millions who would survive the blast and 
fire effects. Many stations would be off the e.ir as a result OJ: blast, 
fire, snd/or fallout effects on station personnel. Other stations would 
be unable to broadcast because of electromagnetic pulse (EMP) effects 
having destroyed essential components. In many cases station personnel 
may go home to their families if the sense of urgency were not communi
cated by the authorities or if good fallout protection were not available 
at the station. Furthermore, the fallout dose rates reported from the 
thousands of radio stations that probably would still be operating after 
an attack usually would be very different from th-; fallout dose rates 
around shelters occupied by survivors listening to the broadcasts. 

The Subcommittee on Fallout, Advisory Committee on Ĉ .vil Defense, 
National Academy of Science:;, has emphasized the importance of fallout 
meters in statements including the following: "Visible and tactile 
indices of fallout would provide valuable warning of danger but any 
real control of radiation exposure must depend on instruments." 

In the event of a massive nuclear attack, millions of Americans 
would, under present circumstances, be killed by fallout radiation 

Response to DCPA Questions on Fallout, DCPA Research Report No. 20, 
p. 21, November 1973, prepared by Subcommittea on Fallout, Advisory 
Committee on Civil Defense, National Academy of Sciences. 
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because of inadequate shelter. Additional millions would be killed or 
seriously injured because of a lack of instruments to determine the 
changing fallout dangers around most shelters. These additional radi
ation casualties would be caused primarily by the tendency of millions 
to le?v«? safe but uncomfortable shelters prematurely and by the failure 
of many to improve their shelters if the fallout exceeded their expecta
tions — because they would not be able to sec, feel, smell, or otherwise 
learn the magnitudes of the fallout dangers. Furthermore, if the occu
pants of shelters do not have fallout meters, some of them, not knowing 
how large a ra iation dose they had received while inside shelter or 
how dangerous t e fallout was outside in their immediate vicinity, may 
refuse to emerge - - even though they are told by local AM radio broad
casts that the radiation fields have decayed to safe levels. The failure 
of such prudent citizens to leave their shelters and begin recovery 
work — especially the failure of isolated farmers to start cooperating 
in trucking grain to starving millions — could result in serious losses. 

Therefore, for essentially unprepared Americans, there is a need 
for a homemade fallout meter having the characteristics of the KFM 
(Kearny Fallout Meter), listed below. 

1. Can be made using only materials and tools found 
in millions of American homes. 

2. Can be made in a few hours and effectively operated 
by a large fraction of average, untrain3d American 
families — even if they are guided only by step-
by-step, illustrated, written instructions — provided 
they have adequate incentives. 

3. Enables gamma dose rates of 0.03 R/hr up to 43 R/hr 
to be measured with adequate accuracy (± 25% or 
better when made as specified), even by untrained 
persons guided only by the written instructions. 

4. Has no requirement for the use of a radiation source, 
either to make, or to calibrate, or to operate the 
instrument. (The geometry and dimensions of a KFM 
and the weight of its leaves, as specified in the 
instructions, permanently establish its caJibration.) 
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5. Enables t'.ie operator to determine easily whether 
his fallout meter is functioning properly, by 
merely checking to see that it can be fully charged 
and that its parts are not bent or out of their 
specified relationships. 

6. Can be charged and operated reliably and accurately 
under the humid conditions typical of occupied fall
out shelters, and after being carried and exposed 
without special care. 

7. Has a aultiyear shelf life and requires no batteries 
or other components subject to harmful deterioration 
if stored unused for years. 

2. OBJECTIVES OF THIS REPORT 

Th.'.s report on the KFM is being distributed while this instrument 
and the instructions to enable untrained Americans to make and use it 
are still being improved. The purpose of this early public disclosure 
is to solicit the help of others interested in improving survival and 
deterrence capabilities, and at the same time to eliminate the possi
bility of anyone improperly establishing patent or design rights to 
fallout meters of the types described herein. This disclo'-Te will 
assure the rights of anyone to make and use such instruments without 
restrictions, oince this report is written primarily for average 
Americans in 1977, English units of measure are used throughout. 

All persons giving recommendations for improvements in KM design 
or instructions, that ORNL tests prove advantageous, will, be credited 
in a planned ORNL xeport. Recommendations should be maile-i to: 

Solar and Special Studies Section 
Energy Division 
Building 4500-S, Room S-240 
Oak Ridge National Laborato: y 
Oak Ridge, Tennessee 37830 

The description of a KFM given in this paper is primarily based on 
the field-tested, step-by-step illustrated instruetionr given in Section 5. 
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3. PRIOR HOMEMADE FALLOUT INSTRUMENTS 

To the best of the authors' knowledge and that of their associates 
at Oak Ridge National Laboratory, no prior homemade fallout meter sat
isfies more than three of the seven characteristics stated in Section 1. 
Attempts by others to build a simplified fallout meter using electrical 
components widely available in American towns were unpromising. Earlier 
efforts to invent a simple electrostatic fallout meter had shown that 
quantitative measurements of gamma radiation are possible with a home
made electrostatic instrument, although the most promising designs 
encountered unsolved problems. 

The most useful of prior homemade fallout monitoring instruments 
that can be made using cnly materials and tools found in millions of 

** 
American homes is the Alvarez Fallout Meter. This is an electroscope 
with two single-ply .iluminur>-foil leaves each suspended on parallel 
nylon threads that ire excellent insulators. The aluminum-foil leaves 
are charged while tutside the ionization chamber, which is a 12-OL 
tableware glass, lited with aluminum foil. The leaves are charged elec
trostatically. How^.»er, if the air is as humid as it typically is in 
occupied fallout shelters, the Alvarez Fallout Meter carnct be 
ctiarqed. Furthermore, it is not designed to give accurate readings, and 

See "The Gamma Gauge, A Quantitative, Inexpensive Electrostatic 
Fallout-Monitor, ng Device," C. H. Kearny, Annual Progress Report, Civil 
Defense Research Project, March 1969 - March 1970, ORNL-4566, Part I. 

Also see The Electroscope - A Home-Made Radiation Detection Instru
ment for Home Use, by E. D. Callahan et al., Technical Operations 
Incorporated, Burlington, Massachusetts, May 15, 1960. This single-
leaf instrument is completely discharged by a dose of only 5 mR (vs 
over 200 mR for th3 KFM). As a result, even with an impractically 
short 3-sec exposure time, the rcaximum measurable dose rate was claimed 
to be only 6 R/hr. Furthermore, this fallout meter cannot be charged 
under humid conditions and is both more difficult to Nuild and less 
accurate than a KFM. 

** 
Described in an article in 'Parade," '.he Sunday newspaper supple

ment, shortly after the Cuban Missile Crisis. 
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the information it provides, even un-ler those conditions vnen it can be 
charged and manipulated successfully, is only approximate and is unre
liable in a. 1 but dry air, as in Los Alamos. 

4. BACKGROUND AND BASIC CAPABILITIES OF THE 
KEARNY FALLOUT METER (KFM) 

Since no satisfactory design for a homemade fallout meter was 
available for inclusion as an essential part of a forthcoming Oak Ridge 
National Laboratory (ORNL) report, Nuclear War Survival Skills (a hand
book for unprepared Americans), in 1975 experimentation was initiated 
by the Emergency Technology Section, Health Physics Division, ORNL, 
directed toward inventing such an instrument. 

Efforts were concentrated on designing and testing many versions 
of homemade electroscope-capacitors capable of being charged by simple 
electrostatic devices. We thought this line of experimentation the 
most promising because electroscopes are basic instruments for measuring 
ionizing radiation and because some types of electrostatic charging 
devices, in all but extremely humid air, are reliable, simple means of 
producing high-voltage charges. 

The KFM model described in detail in this memorandum is the best 
of the thirty-odd different designs (some of which were made in several 
models) of simple electroscope-capacitor fallout meters made and tested 
by Emergency Technology Section personnel. Judging from numerous cali
bration tests in known gamma field:, produced by radium or cobalt sources, 
the practical range of dose rates measurable with the best tested-to-
date KFM (described in Section 5) is between 0.03 R/hr and m R/hr, with 
an accuracy of about ±25%. 

Initial laboratory and field tests indicated that a KFM satisfies 
all of the seven characteristics listed in Section 1 for a satisfactory 
homemade fallout meter. 
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5. FIELD-TESTED BUILDING AND OPERATING INSTRUCTIONS 

At the end of this section are the field-tested instructions, "How 
to Make and Use a Homemade Fallout Meter, the KFM." These instructions 
are the heart of this report. They will serve the reader as a detailed 
description of the KFM and its operation. 

No doubt these step-by-step illustrated instructions will impress 
most persons who have a technical background as being unnecessarily 
detailed and lengthy. Most Americans, however, are contented consumers, 
not makers of new, different devices. The KFM instructions were devel
oped to enable as large a fraction as possible of the nongadgeteering 
majority to build and use an instrument of a type unknown to them. 
Furthermore, these instructions must enable average Americans to mea
sure radiation dangers concerning which most citizens today have more 
untrue than useful information. 

5.1 Steps In the Development of the KFM Instructions 

a. At different times, seven high school students who had taken 
at least one science course were taught by demonstrations how to build 
and use a KFM. Most of these students required far sore detailed expla
nations than initially appeared necessary. The length of the instructions 
needed by these students was reduced by replacing with paper patterns 
many of the instructions for measuring and installing the parts. 

b. Then several different versions of written instructions and 
patterns for making and charging a KFM were tested by less well-quali
fied builders. Especially the instructions for making and installing 
the aluminum-foil leaves became much more detailed, as did those for 
selecting alternate materials. 

c. Next, four families built and charged KFMs while guided only 
by su'__essively improved drafts of the written instructions. Crisis 
conditions were simulated in which the builders were permitted to 
receive advice from no persons outside r.heir families. They could use 
only tools and materials found in their homes or obtainable from neigh
bors ' homes. 
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To persuade averag. families to make KFMs under complacent peace
time conditions, money provided the essential motivation: $25 for a 
4-hour effort by three or more family members, plus a $25 bonus if the 
family succeeded in making, charging, and reading a KFM successfully 
within the 4-hour period. (To adequately motivate an average prosperous 
American family during complacent times to make as good an effort as 
these families did, we believe considerably more money would have to be 
offered.) 

Each of the first three test families succeeded in winning its $25 
bonus. Two of these families had no member with more than a high school 
academic education. One family, 
however, was headed by a 
mechanic, who read and reread 
the instructions, guiding his 
14- and 15-year-old sons, who 
did essentially all the work. 
Another successful family was 
headed by a 22-year-old miner 
who had just lost his job. 
After assembling the materials, 
this man worked while sitting 
at the kitchen table for over 
3 hours without once getting 
up or even pausing to have a 
drink of water. Throughout the 
4 hours, his 18-year-old wife 
and her mother also continued 
to be highly motivated, in 
spite OL' losing time making 
and correcting several mistakes. 

A family that "had never 
made anything" was the fourth 
family selected to follow the 
KFM written instructions. The 
father of this family was a 
university prof«ssor, the 

ORNL-PHOTO 76-1771 

Fig. 5.1. Winning Hands. A father's 
fingers hold an aluminum-foil leaf on 
the pattern and position the suspending 
thread while a young son applies a very 
little model airplane cement. 

OaNL-PHOTC 76-1772 

Pig. 5.2. Concentrating on Trimming 
the Skirt of the Plastic Cover of a KFM. 
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mother was a university graduate, and the three teenage children were 
intelligent. Yet th^y failed, mostly due to lacking manual dexterity 
and tu not realizing that the leaves of a KFM have to be made neatly 
and suspended as specified. As a result of this field test, more and 
better photographs nave been included,and precision ha? been stressed 
in the subsequently improved instructions. 

d. The section of the instructions concerned with using a KFM 
after a nuclear attack was first developed by studying basic scientific 
sources and by obtaining estimates from Oak Ridge National Laboratory 
health physicists involved in the continuing studies of the Hiroshima 
and Nagasaki survivors, regarding the reduction in life expectancy 
likely to result from a whole-body external gamma dose of 100 R received 
in two weeks. Members of pertinent study groups for ERDA and NASA, 
including Dr. C. C. Lushbaugh of the Oak Ridge Institute of Nuclear 
Studies and Dr. Douglas Grahn of Argonne National Laboratory, were 
consulted fcr additional information regarding updated estimates of 

(1) the midlethal dose for persons lacking medical care and 
subject to infections after a nuclear attack, 
(2) a daily radiation dose that could be tolerated for weeks by 
healthy persons able to measure and control the daily dose they 
receive, and 
(3) the median life shortening to be expected from daily doses too 
small to cause early lethality. 

Readers interested in more reliable estimates of radiation hazards 
that are available in the civil defense publications of any nation 
should study: (1) Ionizing Radiation' Levels and Effects, Volume II, 
Effects, United Nations, New York, 1972; (2) The Effects on Popu
lations of Exposure to Low Levels of Ionizing Radiation, Report of the* 
Advisory Committee on the Biological Effects of Ionizing Radiations, 
Division of Medical Sciences, National Academy of Sciences, National 
Research Council, Washington, DC 20006, November 1972; (3) A Twenty-
Year Review of Medical Findings in a Marshallese Population Accidentally 
Exposed to Radioactive Fallout, by Robert A. Conard, M.D., et al., 
Brookhavrm National Labor.'tory, Associated Universities, Inc., Upton, New 
York 11973; and (4) Radiobiological Factors in Manned Space Flight, a 
1967 reporr of the Space Radiation Study Panel of the Life Sciences 
Committee, >pac2 Science Board, National Academy of Sciences, National 
Research Council. 
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The field te*cs of Section XV of the Instructions, "How to Use a 
KFM after a Nuclear Attack," involved thre* untrained families and two 
high school sophomore girls worUng together like a fsally. Only one of 
the families had a member with more than a high school education. After 
studying the instructions for 1% hours, all four test groups passed a 
practical half-hour test in which they had to read a KFM before and 
after exposing it, to calculate the doses received in different time 
Intervals, to calculate '-ha permissible times of exposure at the sev
eral different dose rates, and to estimate the probable effects of 
different gamma doses using the simplified guides. All agreed that 
the numerical examples in the instructions were especially helpful. 

Before the fourth of these families ised Section XV successfully, 
three other selected families with no member having rare than a high 
school education refused to accept the test offer. One family refused 
because the cash offer of $15 for a two-hour effort plus a $15 bonus for 
success was too small. Some members of the ocher two families appar
ently were too dubious of their abilities '.o attempt learning to make 
calculations involving the mysteries of .adiation. 

5.2 Objectives of These KFM Instruction 

a. To make field-tested instructions available to civil defense 
officials and other concerned citizens. If these instructions are 
prudently reproduced and distributed in normal times, they should be 
accompanied by advice to build and learn how to use a KFM before a 
possible war crisis arises. 

b. To distribute the KFM instructions in the fo.Ta of camera-
ready copy that would require minimum t̂ rae and effort for newspapers 
to print and distribute aa a tabloid supplement — especially during 
a possible crisis threatening nuclear war. 

c. To encourage concerned persons to make KFMs, to practice using 
them, and possibly to improve both the design of this instrument and 
the instructions. 
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5,3 Uses of This Report as Regards Its KFM Instructions 

a. Persons wishing to make a KFM and using this ORNL report as 
a guide are urged to leave £he complete Instructions Intact. Four 
extra pattern pages are Included after the last pagt. of the complete 
Instructions. These four extra pages provide enough patterns to build 
two KFMs an>l can be cut out of this report without daaaglng the Instruc
tions. 

b. If copies of tTie Instructions are desired, It Is recoonendea 
that the following page (entitled "Instructions for Persons Concerned 
With Reproducing the KFM Instructions") and all the pages of INSTRUCTIONS 
be separated froa the rest cf this ORNL report and delivered to the 
newspaper or other organization responsible for reproduction. 



INSTRUCTIONS 
(A) 

INSTRUCTIONS FOR PERSONS CONCERNED 
WITH REPRODUCING THE KFM INSTRUCTIONS 

The accompanying materials are provided to assist and expedite the rapid 
reproduction of the instruct .on& for making and using a KFM. This sheet 
and the following instruction pages can be given to a newspaper or other 
organization having means for rapid reproduction, preparatory to macs 
distribution of this information. No authorization to reproduce this 
survival information is required. 

The paste-ups on the following pages are the right size for almoft all 
tabloids printed by newspapers that publish standard size papers. (If 
photo reduction is necessary in order to use unusually small sheets, the 
4 cut-outs [paste-ups (15), (18), (21) and (24)] and one drawing [paste
up (26)] should not be reduced.) 

To make the instruction pages fully camera-ready for paste-up and photo
graphing, it is necessary only to remove the page numbers used in this 
report (such as "INSTRUCTIONS, Page 2") and to cut out the paste-ups. 

The tabloid page on which each paste-up is to be placed and the paste
up's identifying number (enclosed in brackets) are printed in blue on 
each paste-up. For example, on "INSTRUCTIONS, Page 2", printed in blue 
on paste-up (3) is 'Vg 1 - (3)." Since these identification numbers art; 
needed only by the printer, they are printed in blue, a color not repro
duced by the photographic process. 

The camera-ready copy Is for use with a straight lens (100% horizontal 
and 100Z vertical reproduction). 

TABLOID 
LAYOUT SHEET 

CENTER FOLD 
OF A 12-PAGE 
TABLOID, INDICATING 
TABLOID Page 6 AND 
Page 7. 

A'.l photographs are 85-line screen. 

On f.he following page is a layout sketch for a 12-page tabloid indicating 
where each of the numbered paste-ups [(1), (2), (40)] should be 
pasted-up and what spaces should be left bL?nk. This positioning of the 
paste-ups is necessary to permit a KFM-maker to cut out the patterns 
without destroying any instructions printed on opposite sides of the 
12 tabloid p.- *s. 
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A HOMEMADE FALLOUT METER, THE KFM 
HOW TO MAKE AND USE IT 

h i I i i ; 
FOLLOWING THESE INSTRUCTIONS MAY SAVE YOUR LIFE 



1. I t o Need tar AccwaJe aad Dependable FalWat Meters 

if a nuclear war ever strikes the United States, survivors of the blast and fire effects 
would need to have reliable means of knowing when the radiation in the 
environment around their shelters had dropped enough to let them venture safely 
outside. Civil defense teams could use broadcasts of surviving radio stations to 
give listeners a general idea of the fallout radiation in some broadct st areas. 
However, the fallout radiation would vary widely from point to point and the 
measurements would be made too far from most shelters to make them accurate 
enough to use safely. Therefore, each shelter should have some dependable 
method of measuring the changing radiation dangers in its own area. 

During a possible nuclear crisis that was rapidly worsening, or after a nuclear 
attack, most unprepared Americans could not buy or o l.erwise obtain a fallout 
meter - an instrument that would greatly improve their chances of surviving a 
nuclear war. The fact that the dangers from fallout radiation •- best expressed in 
terms of the radiation dose rate, roentgens per hour (R/hr) -- quite rapidly decrease 
during the first few days, and then decrease more and more slowly, makes it very 
important to have a fallout meter capable of accurately measuring the unseen, 
unfelt and changing fallout dangers. Occupants of a fallout shelter should be able 
to control the radiation doses they receive. In order to effectively control the 
radiation dopes, a dependable measuring instrument is needed to determine the 
doses they receive while they are in the shelter and while they are outside for 
emergency tasks, such as going out to get badly needed water. Also, such an 
instrument would permit them to determine when it is safe to leave the shelter for 

Untrained families, guided only by these written instructions and using only low 
cost materials and tools found in most homes, have been able to make a KFM by 
working 3 or 4 hours. By studying the operating sections of these instructions for 
about 1 '/i hours, average untrained families have been able to successfully use this 
fallout meter to measure dose rates and to calculate radiation doses received, 
permissible times of exposure, etc. 

The KFM (Kearny Fallout Meter) was developed at Oak Ridge National Laboratory. 
It is understandable, easily repairable, and as accurate as most civil defense fallout 
meters. In the Uniud States in 1976 a commercially available ion chamber fallout 
meter that has as high a range as a KFM for gammfl radiation dose-rate 
-.neasurements retailed for $600. 

Before a nuclear attack occurs is the best time to build, test and learn how to use a 
KFM. However, this instrument is so simple that it could be made even after 
fallout arrives provided that all the materials and tools needed (see lists given in 
Sections V, VI, and VII) and a copy of these instructions have been carried into the 
shelter. 

( 

11. Survival Wurk M W M M Darta* a Criato 

Before building a KFM, persons expecting * nuclear attack within a few hours or 
days and already in the place where they Intend to await attack should work with 
the following priorities: (1) build or improve a high-protection-factor shelter (if 
possible, a shelter covered with 2 or 3 feet of earth and separate from flammable 
buildings); (2) make and install a KAP (a homemade shelter-ventilating pump) •• 
if instructions and materials are available; (3) store at least 15 gallons of water for 
each shelter occupant •• if containers are available; (4) assemble all materials for 
one or two KFM'i; and (5) make and store the drying agent (by heating walJboard 
gypsum, as later described) for both the KFM and its dry-bucket, 

Py l - ( 3 ) 
HI. How to U H TIMM Instractloaa to Boat AdvaaU«« 

1. Read ALOUD all of these Instructions through Section VTJ, "Tools Needed," 
before doing anything else. 

2. Next assemble all of the needed matciiais and *ools. 

3. Then read ALOUD ALL of eac), section following Section Vll before beginning 
to make the part described ,n that section. 

A FAMILY THAT FAILS TO READ ALOUD ALL OF EACH 
SECTION DESCRIBING HOW TO MAKE A PART. BEFORE 
BEGINNING TO MAKE THAT PART. WILL MAKE AVOID
ABLE MISTAKES AND WILL WASTE TIME. 

4. Have different workers, or pairs of workers, make the parts they are best 
qualified to make. For example, a less skilled worker should start making the 
drying agent (as described In Section VIII) before other workers start making 
other parts. The most skilled worker should make and Install the 
aluminum-foil leaves (Sections X and XI). 

5. Give workers the sections of the instructions covering the parts they are to 
build-so they can follow the step-by-step instructions, checking off with a 
pencil each step as it is completed. 

6. Discuss the problems that arise, The head of the family often can give better 
answers if he first discusses the different possible interpretations of some 
instructions with other family members, including teenagers. 

7. After completing one KFM and learning to use it, if time permits make a 
second KFM-that should be a better instrument. 

o •z. 

f 



IV. What a KFM la and How It Workt 

A KFM is a simple electroscope fallout meter with 
which fallout radiation can be measured accurately. 
To use a KFM. an electrostatic charge must first be 
placed on its two separate aluminum-foil leaves. 
These leaves are insulated by being suspended 
separately on clean, dry insulating threads. 

To take accurate readings, the air inside a KFM must 
be kept very dry by means of drying agents such as 
dehydrated gypsum (easily made by healing gypsum 
wallboard, '"sheetrock") or silica gel. (Do not use 
calcium chloride or other salt.) Pieces of drying agent 
are placed on the bottom of the ionization chamber 
(the housing can) ot a KFM. 

uic^mut'CAin 
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An electrostatic charge is transferred from a homemade electrostatic charging 
device to the two aluminum-foil loaves of a KFM bv meant of its charging-wire. 
The eharging-w ire extends out through the transparen' plastic cover of the KFM. 

L 4-
When the two KFM leaves arc charged ele.trosmi-
callv. their like charges (both positive or both 
negai'v--) cause them I••> be forced apart. When fallout 
gamma radiation (thai is similar to X rays but more 
energetic) strikes the air inside the ionization chamber 
of a KFM. i! produces charged ions in this enclosed 
air. These charged ions cause part or all of the 
electrostatic charge on the aluminum-foil leaves to be 
discharged. As a result of losing charge, the two 
KFM leaves move closer together. 

To read the separation of the lower edges of the two 
KFM leaves with one eye. look straight down on the 
Itvt'.i-s and the scale on the clear plastic cover. Keep 
the reading eye 12 inches above the SKA! . The KFM 
should be resting on a horizontal surface. To be sure the reading eye is 
this exact distance, place the lower end of a 12-inch ruler on the SKA 1, 
upper end of the ruler touches the eyebrow above the reading eye. It 
hold the KFM .an with one hand and the ruler with the other. Using a 
makes the reading more accurate. 
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If a KFM is made with the specified dimensions and of the specified materials, its 
accuracy is automatically and permanently established. Unlike most radiation 
measuring instruments, a KFN* never needs to be calibrated or tested with a 
radiation source, if mnde and m ontaincd as specified and used with the following 
table that is based on numerous calibrations made at Oak Kidge National Labor
atory. 

The millimeter scale is cu' out and attached (see photo illustrations on the following 
page) to the clear plastic cover of the KFM so that its zero mark is directly above the 
two leaves in their discharged portion when the KFM is resting oi\ a horizontal 
surface. A reading of the separation of the leaves is taken by noting the number of 
millimeters thai the lower edge of one leaf appears to be on, on one side of the zero 
mark on the scale, and almost at the same time noting the number of millimeters 
the lower edge of the other leaf appears to be on. on (he other side of the zero mark. 
The sum of these two apparent positions of the lower edges of the two leaves is 
called a KFM reading. The drawing appearing after the photo illustrations shows 
lhe lower edges of the leaves of a KFM appearing to be *) mm on the right and zero 
anil It)on the left, giving a KFM reading of N mm. (Usually the lower edges of the 
leaves are not at the same distance from the zero mark.) 

As will be fullv explained later, the radiation dose rat- is determined 
In: 

1. charging and reading the KFM before 
exposure; 

2. exposing it to radiation for a specified 
time ill the location where measure
ment of the dose rate is needed -• w hen 
outdoors, holding the KFM about ,1 ft. 
above the ground; 

.1. reading the KFM after its exposure; 

TAI l l UtID TO f INO OOM RATH IR/HRI 
MOM MM RIADINOt 

•oitftMMCt itrmim rut mtouto wont i«m«t/Af 
'Oil LtAVttt 

D I M , ' I N TIMI INTIRVAL OF AN IXPOfUfl l 
M A D 11UC. 1MIN. 4MIN. 14MIN, 1MB. 
ma* ft/Hft JI/MAj M/HN */MH A/M* 
2 mm 6.2 1.6 0.4 0.1 0.03 
4 mm 12. 3,1 0.8 0.2 o.oe 
• mm 19. 4.6 1,2 0.3 0.06 
8 mm 26. 6.2 1.6 0.4 0.10 

10 mm 31, 7.7 2.0 0.6 0.13 
12 mm 37, 6.2 2.3 0.6 0.16 
14 mm 43. 11. 2.7 0.7 0.18 

•4. calculating, by subtraction, the difference i. 'tween the reading taken belnrc 
exposure and the readir • taken utter exposure; 

using this table to find what the dose rate was during the exposure 
described later. 

as will he 

Insinii M.'Ms on how to use a KI'M are given after those detailing how to make and 
charge this t.iMout meter. 



r^ 

To get a clearer idea of the construction and use of a KFM, look c -chilly at the 
following photos and read their captions. 

A. An Uncharged KFM. The charging wire tuu been pulled to one side by its 
adjustment-thread. This 
photo was taken looking 
straight down at th? 
upper eu^f* of the t»\. 
fiat, 8-ply aluminum 
leaves. At this a.igte the 
leaves arc barely visible, 
hanging vertically side by j ^ ^ ^ ^ ^ ^ • v ^ ^ ^ H ^ ^ Z ^ K " ) 
side directly under the 
zero mark, touching each 
other and wiu their ends 
even. Their suspension-
threads i n s t a t e the 
leaves. These threads 
are almost iarallel and 
*ouch (bui rfo not cross) 
.•ach other where they 
extend over the top of the 
rim of the can. 

B. Charging a KFM by a Spark-Gap Discharge from a Tape That Has Heen 
Electrostatically Charged by Being Unwound Quickly. Note that the charged 
tape is moved so that its 
surface is perpendicular 
to the charging-wire. 

The high-voltage electro
static charge on thv un
wound tape (that is an 
insulator) jum^s the 
spark-gap between the 
tape and the upper end of 
the charging-wire, and 
then flows down the 
charging-wire to charge 
the insulated aluminum-
foil leaves of the KFM. 
; Since the upper edges of 
the two leaves are V« inch 
below the scale and this 
is a photo aken at an 
angle, both leaves appear 
to be under the right side 
of the scale.) 

A Charged KFM. Note 
the separation of the 
upper edges of its two 
leaves, 'ihe charging-
wire has been raised to 
an ilmos; horizontal pos
ition sc that its lower end 
is too far above the alu
minum leaves to permit 
electrical leakage from 
the leaves back up the 
charging-wire and irto 
the outside sir. 

Also note thv SEAT, a 
piece of pencil taped to 
the right sirh of the can, 
opposite the charging 
wire. 

Reading a KFM. A 12-
inch ruler rests on the 
SEAT and is held vert
ical, vhile the reader's 
eyebrow touches the 
upper end of the ruler. 
The lower edge of the 
right leaf is under 8 on 
the scale and the lower 
edge of the left leaf is 
under 6 on the scale, 
giving a KFM reading of 
14. 

For accurate radiation 
measurements, a KFM 
should be placed on an 
approximately horizontal 
smtace, but the charges 
on its two leaves and 
their displacements do 
not have to h-.- equal. 



INSTRUCTIONS. P»ge 5 

. 2 V * MMJSTatMT T M H C U 
(NYLON IS K S T ) 

TOCCLC 
TCDTO 
TMNEAOMO 
wcsstcuac 

DCTU.) 

S»*3NTCTFOR'/j^ ^K* 
TO Frr ovu St»; 
ON C M % - • . T«»€ 

M O M 0 C 0 6 C 
OFSWNTOFOOVW 

NEMOVMLC nUNSTMCNT COVCH 

, THNUO TIED TO 
(SMALL SLIVt* 

L l O M I 

STOP-TMICM) 

TO»WC» 
COVF • M O C K U C K WMF. NOT SHOOMI 

TUMSPMCNT PLASTIC « M W 
(DCTM.SONLEFTI 

MMTOIHTC 

L I ^ f c T T O W OFCAN 
iNSiot aw »%-«. -I 

(Thic » not a Full ScoM Dro /m^). 



o 

V. Materiala Needed 

A. For the KFM: (In the following list, when more than one alternative material 
is given, the beat material is listed first.) 

1. Any type metal can, approximately 2-9/16 inches in diameter inside and 
2-7/8 inches high inside, washed clean with soap. (This is the size of a 
standard 8-ounce can. Since most soup cans, pop cans, and beer cans also 
are about 2-9/16 inches in diameter inside, the required size of can can 
•Uo be made by cutting down the height of more widely available cans --
as described in Section IX of these instruction*,.) 

2. Standard aluminum foil - 2 square feet. (In 1977,2 square feet of a typical 
American aluminum foil weighed about 8.2 grams -- about 0.29 oz.) (If 
only "Heavy Duty" or "Extra Heavy Duty" aluminum foil is available, 
make 5-ply leaves rather than 8-ply leaves of standard foil; the resultant 
fallout meter will be almost as accurate.) 

3. Doorbell wire, or other light insulated wire (preferably but not necessarily 
a single-strand wire inside the insulation) - 6 Inches. 

4. Any type of lightweight thread (preferably but not necessarily nylon). 
(Best is twisted nylon thread: next best, uwaxed lightweight nylon dental 
tioss; next best, silk: next best, polyester.) •• 3 feet. (Thread should be 
CLEAN, preferably not having been touched with fingers. Monofilament 
nylon is too difficult to see, handle, and mark.) p . ^ , o^ 

5. A piecvof clear plastic - a 6x6 inch square. Strong polyethylene (4 mils 
thLk) used for storm-proofing windows is best, but any reasonably stout 
and rather clear plastic will serve. The strong clear plastic used to wrap 
pieces of cheese, if washed with hot water and soap, is good. Do not use 
weak plastic or cellophane. 

6. Cloth duct tape ("silver tape"), or masking tape, or freezer tape, or 
Scotch-type tape -- about 10 square inches. (Save at least 10 feet of Scotch 
Magic Transparent Tape for the charging device.) 

7. Band-Aid tape, or masking tape, or freezer tape, or Scotch transparent 
tape, or other thin and very flexible tapes •- about 2 square inches. 

8. Gypsum wallboard (sheetrock) -• about 1/2 square foot, best about 1/2 
inch thick. (To make the essential drying agent.) 

9. Glue •• not essential, but useful to replace Band-Aid and other thin tapes. 
"One hour" epoxy is best. Model airplane cement is satisfactory. 

( 

10, An,ordinary wooden pencil and a smal toothpick (or split a small sliver of 
wood). 

11. Two strong rubber bands, or string. 

For the Charging Devices: 

1. Moat hard plasMc rubbed on dry paper. This is the best method. 

a. Plexiglas and most other hard plastics, such as are used in drafts
men's triangles, common smooth plastic rulers, etc. •• at least 6 Inches 
long. 

b. Dry paper -• Sstaetn writing or typing papet. Tissue paper, news
paper, or facial tissue such as Kleenex, or toilet paper are satisfactory 
for charging, but not as durable. 

2. Scotch Magic Transparent Tape (3/4 inch width Is best), or Scotch 
Transparent Tape, or P.V.C. (Polyvinyl chloride) insulating electrical 
tapes, or«. few of the other common brands of Scotch-type tapes. (Some 
plastic tapes do not develop sufficiently high-voltage electrostatic charges 
when unrolled quickly.) This method cannot be used for charging a KFM 
inside a dry-bucket, needed for charging when the air is very humid. 

For Determining Dose Rates and Recording Doses Received: 

1. A watch » preferably with a second hand. ° 9 3 ~ (1 0 ) 

2. A flashlight or other light, for reading the KFM in a dark shelter or at 
night. 

3. Pencil and paper - preferably a notebook. 

For the Dry-Bucket: (A KFM must be charged inside a dry-bucket if the ilr is 
very humid, as it often is inside a crowded, 
long-occupied shelter lacking adequate forced vent
ilation.) 

1- A large bucket, pov, or can, preferably with a top diameter of at least 11 
inches. 

2. Clear pla *ic (best is 4-mil-thick clear plastic used for storm windows). A 
square piece 5 inches wider on a side than the diameter of the bucket to be 
used. 

3. Cloth duct tape, one inch wide and 8 feet long (or 4 ft., if 2 inches wide). 
Or 16 ft. of freezer tape one inch wide. 



4. Two plastic bags 14 to 16 inches in circumference, such as ordinary plastic 
bread bags. The original length of these bags should be at least S inches 
greater than the height of the bucket. 

5. \bout one square foot of wall board (sheetrock), to make anhydrite drying 
agent. 

6. Two 1-quart Mason jars or other airtight containers, one in which to store 
anhydrite and another in which to keep dry the KFM charging devices. 

7. Strong rubber bands -- enough to make a loop around the bucket. Or 
string. 

8. Four square feet of aluminum foil, to make a vapor-proof cover -• useful, 
but not essential. 

VI. Usefal bat net Eaeeatial Material* 
-Which Could be Obtained Before a Crisis-

i. An airtight container (such as a larpe peanut butter jar) with a mouth at least 4 
inches wide, in which to keep a KFM, along with some drying agent, when it is 
not heing used. Keeping a KFM very dry greatly extends the time during 
which ihe drying agent hukk the KFM remains effective. 

2. Commercial Anhydrite with a color indicator, such as the drying agent Drieritc. 
This granular form of anhydrite remains light blue as long as it is effective as a 
drying agent. Obtainable from laboratory supply sources. 

p g ; , : . ; ! • • 

VII. Toob Needed 

Small nail - sharpened 
Stick, or a wooden too', handle 

(best 2-2 '/j inch diameter and at least 12 inches long) 
Hammer 
Pliers 
Scissors 
Needle • quite a large sewing needle, but less than 2'/» inches long 
Knife with a small bhde -- sharp 
Ruler (12 inches) 

VIII. Make the Drying Agent 
-- The Fasiest Part to Make, but Time Consuming •• 

For a KFM to measure radiation accurately, the air inside its ionization 
chamber must be kept very dry. An excellent drying agent (anhydrite) can be 
made by heating the gypsum in ordinary gypsum wallboard («heetrock). Do 
NOT use calcium chloride. 

Take a piece of gypsum wallboard approximately 12 inches by 6 inches, and 
preferably with its gypsum about 3/8 Inches thick. Cut off the paper and glue, 
easiest done by first wetting the paper. [Since water vapor from normal air 
penetrates the plastic cover of a KFM and can dampen the anhydrite and make 
it ineffective in as short a time as two days, fresh batches of anhydrite must be 
made before the attack and kept ready inside the shelter for replacement. The 
useful life of the drying agent inside a KFM can be greatly lengthened by 
keeping the KFM inside an airtight container (such as a peanut butter jar with 
a 4-inch-diameter mouth) with some dry.ng agei.t, when the KFM is not being 

Break the white gypsum filling into small pieces and make the 
largest no more than 1/2 in. across. (The tops of pieces larger 
than this may be too close to the aluminum foil leaves.) If the 
gypsum is dry, using a pair of pliers makes breaking it easier. 
Make the largest aide of the largest pieces no bigger than this. 

Dry gypsum is not a drying agent. To drive the water out of the gypsum 
molecules and produce the drying agent (anhydrite), heat the gypaum in an 
oven at its highest temperature (which should be above 400 degrees F) for one 
hour. Heat the gypsum after piecing the small pieces no more than two pieces 
deep in a pan. Or heat the pieces over a fire for 20 minute' or more in a pan or 
can heated to a dull red, 

If sufficient aluminum foil and time are available, It is beat to heat the gypsum 
and store the anhydrite as follows: 

a. So that the right amount of anhydrite can be taken quickly out of its 
storage jar, put enough pieces of gypsum i.i a can win the same diameter 
as the KFM, measuring out a batch of gypsum that almoat covers the 
bottom of the can with e single layer. 

b. Cut a piece of aluminum foil at>c*it 8 in. x 8 in. square, and fold up its 
edges to form a bowl-like contalne. in which to heat one batch of gypsum 
pieces. 

c. Measure out 10 or 12 such batches, and put each batch in its aluminum foil 
"bowl." 

d. heat all of these filled "bowls'' of gypsum in hottest oven for one hour. 

file:///bout
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e. As soon as the alumlnun foil is cool enough to touch, fold and crumple 
the edges of each aluminum foil "bowl" together, to make a rough 
aluminum-covered "ball" of each batch of anhydrite. 

f. Promptly seal the batches in airtight jars or other airtight containers, and 
keep containers closed except when taking out an aluminum-covered 
"ball." 

6. Since anhydrite absorbs water from the air very rapidly, quickly put it in a dry 
airtight container while it is still quite hot. A Mason jar is excellent. 

7. To place anhydrite in a KFM. drop in the pieces one by one, being careful not 
to hit the leaves or the stop-threads. Tht pieces should almost cover the 
bottom of the can, with no piece on top of otter pieces. 

8. To remove anhydrite from a KFM, use r>. pair of scissors or tweezers as 
forceps, holding them in a vertical position and not touching the leaves. 

IX. MidwttMlMhatfoaChMaMroftheKFM 
(To Avoid Mistakes and Save Time. 

Read All of This Section ALOUD Before Beginning Work.) 

1. Remove the paper label (if any) from an ordinary 8-ounce can from which the 
top has been smoothly cut. Wash the can with soap and water and dry it. (An 
8-ounce can has an inside diameter of about 2-9/16 inches and an inside height 
of about 2-7/8 inches.) ,, , , 

f \ ) 4 • I >' 
2. Skip to step 3 if an 8-ounce can is available. If an 8-ounce can is not available, 

reduce the height of any other can having an inside diameter of about 1-9/16 
inches (such as most soup cans, most pop cans, or most beer cans). To cut off 
the top part of a can, first measure and mark the line on which to cut. Then to 
keep from bending the can while cutting, wrap newspaper tightly around a 
stick or a round wooden tool handle, so that the wood is covered with 20 to 30 
thicknesses of paper and the diameter (ideally) is only slightly less than the 
diameter of the can. 

One person should hold the can over the paper-covered stick while a second 
person cuts the can little by little along the marked cutting line. If leather 
gloves are available, wear them. To cut the can off smoothly, use a file, or use 
a hacksaw drawn backwards along the cutting line. Or cut the can with a 
sharp, short blade of a pocketknife by: (1) repeatedly stabbing downward 
vertically through the can into the paper, and (2) repeatedly making a cut about 
1/4 inch long by moving the knife into a sloping position, while keeping its 
point still pressed into the paper covering the stick. 

Next, smooth the cut edge, and cover it with small pieces of freezer tape or 
other flexible tape. 

r 

Cut out the PAPER PATTERN TO WRAP AROUND KFM CAN. (Cut 
one pattern out of the following Pattern Page A.) Glue (or tape) this 
pattern to the can, starting with one of the two short sides of the pattern. 
Secure this starting short side directly over the side seam of the can. 
Wrap the pattern snugly around the can, gluing or taping it securely a* It 
is being wrapped, (if the pattern is too wide to fit flat between the rims 
of the can, trim a little off its lower edge.) . . . . 

Sharpen a small nail, by filing or rubbing on concrete, for use as a punch 
to make the four holes needed to Install the stop-threads in the ionization 
dumber (the can). (The stop-threads are insulators that stop the 
charged aluminum leaves from touching the can and being discharged.) 

Have one person hold the 
can over a horizontal stick or 
a round wooden tool-handle, 
that ideally has a diameter 
about as large as the dia
meter of the can. Then a 
second person can use the 
sharpened nail and a ham
mer to punch four very smr.ll 
holes through the sides of 
the can at the points shown 
by the four crosses on the 
pattern. Make these holes 
just large cr.wgh to rur. a 
needle through them, and 
then move the needle in the 
holes so as to bend back the 
obstructing points of metal. 

The stop-threads can be 
installed by using a needle 
to thread a single thread 
through all four holes. Use 
a very cieaa thread, prefer
ably nylon, and do not touch 
the parts of this thread that 
will be inside the can and 
will serve as the Insulating 
stop-threads. Soiled threads 
are poor insulators. 
(See illustrations.) 

PUNCH SMALL 
MOLE WITH 
SHARPENED 
SMALL NAIL 

END OF STICK 
OR WOODEN 
HANDLE INSIDE 
CAN 
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TABLE 

THREAO 
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THREAD 
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SINGLE THREAD THREADED THROUGH 4 HOLES 
TO MAKE 2 STOP-THREADS 
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2 mm 6.2 1.6 0.4 0.1 0.03 
4 mm 12. 3.1 0.8 0.2 0 .06 
6mm 19. 4.6 1.2 0.3 0.08 
8 mm 25. 6.2 1.6 0.4 0.10 

10;rm 31. 7.7 2.0 0.5 0.13 
12mn 37. 9.2 2.3 0.6 0.15 
14 mn 43. 11. 2.7 0.7 0.18 
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STOP-
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INGS R/HR R/HR R/HR R/HR R/HR 
2mm 6.2 1.6 0.4 0.1 0.03 
4 mm 12. 3.1 0.8 0.2 0.06 
6mm 19. 4.6 1.2 0.3 0.08 
8 mm 25. 6.2 1.6 0.4 0.10 

10 mm 31. 7.7 2.0 0.5 0.13 
12 mm 37. 9.2 2.3 0.6 0.15 
14 mm 43. 11. 2.7 0.7 0.18 
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FOR 
STOP-
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BOTTOM OF CAN (ABOVE LIP) 

PATISRNPAGE (A) 

PAPE PATTERN , 0 WRAP AROUND KFM CAN (GLUE OR TAPE SECURELY TO CAN) 

CUT OUT THESE PATTERNS. EACH OF WHICH IS THE EXACT SIZE FOR A KFM. 
CAUTION: XEROX COPIES OF THESE PATTERNS WILL BE TOO LARGE. 
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Before threading the thread through the four holes, tie a aawul toggle (see the 
preceding sketch) to the long end of the thread. (This toggle can easily be made 
of a very small stiver of wood cut about 3/8 in. long.) After the thread has been 
pulled through the four holes, attach a second toggle to the thread, about 1/2 inch 
fromti - part of the thread that comes out of the fourth hole. Then the thread can 
be pulled tightly down the side of the can and the second small toggle can be 
taped securely in place to the side of the can. (If the thread is taped down without 
a toggle, it is likely to move under the tape.) 

The first toggle and all of the four holes also should be covered with tape, to 
prevent air from leaking into the can after it has been covered and is being used 
as an ionization chamber. 

Pg 4 -06) 
X. Mafe Two Separate S-Pty LetvaaafStaadard 

IN* Heavy Duty*) AteaahMM FoU 

Proceed as follows to make each leaf: 
1. Cut out a piece of standard aluminum 

foil approximately 4 inches by 8 inches. 

2. Fold the aluminum foil to make a 2-ply 
(= 2 thicknesses) sheet approximately 4 
inches by 4 inches. 

3. Fold this 2-ply sheet to make a 4-ply 
sheet approximately 2 inches by 4 
inches. 

4. Fold this 4-ply sheet to make an 8-ply sheet (8 sheets thick) approximately 2 
inches by 2 inches, being aura that the two halves of the second-fold edge aic 
exactly together. This third folding makes an 8-ply aluminum foil sheet with 
on* conMt exactly aqmare. 

5. Cut out the FINISHED-LEAF PATTERN, found on the following Pattern Page 
B. Note that this pattern is NOT a square and that i is smaller than the 8 ply 
sheet. Flatten the 8 thicknesses of aluminum foil v ith the fingers until they 
appear to be a single thin, flat sheet. 

6. Hold the FINISHED-LEAF PATTERN on lop of the 8-ply aluminum foil 
sheet, with the pattern's THIRD-FOLD EDGE on top of the third-fold edge of 
the J-ply aluminum sheet. Be sure thai one lower comer of the 
F1NISHED-LF.\F PATTERN is on top of the exactly square corner of the 
8-ply aluminum sheet. 

APPROX. 2 in. ' 

8-PLY 'J 
SHEET § 

L 
THE SQUARE 
CORNER 

THIHO-FOLD EDGE 

r 

7. While holding a straight edge 
along the THREAD LINE of the 
pattern, press with a sharp pencil 
so as to make a shallow groove for 
the THREAD LINE on the 8-ply 
aluminum sheet. Also using a 
sharp pencil, trace around the top 
and side of the pattern, so as to 
Indent (groove) the 8-ply foil. 

8. Remove the pattern, and cut out 
the 8-ply aluminum foil leaf. 

9. While holding a straight edge 
along the Indented THREAD 
LINE, lift up the OPEN EDGE of 
the 8-ply sheet (keeping all 8 plies 
together) until this edge is ver
tical, as illustrated. Remove the 
straight edge, find fold the 8-ply 
aluminum along the THREAD 
LINE so as to make a Oat-folded 
hem. 

10. Open the flat-folded hem of the 
finished leaf until the 8-ply leaf is 
almost flat again, as shown by the 
pattern, from which the FIN
ISHED-LEAF PATTHRN has al
ready been cut. 

11. Prepare to attach the aluminum-
foil leaf to the thread that will 
suspend it Inside the KFM. 

OPEN' EDGE 
OF 8-PLY SHEET 

THREAD 
LINE — 

THE 
SOUARE 
COWER 
OP U-PLY 
SHfET 

IX 
w u i i i i j w . i l ll"H 

\ :>, 

PAPER 
PATTERN 
OF LEAF 

s 

,K k* 
M t f U l J U U A H W 

THIRD-POLO EDGE 
OF 8-PLY SHEET 

t+iv i t ** wm> in OMN H M 
•OLMO 7« W T C M KWT10M 

Pg4_{17) 

•If only heavy duty aluminum foil (sometimes called "extra heavy duty") is 
available, make 5-ply leaves of the same size, and use the tabic for the 8-ply KFM 
to determine radiation dose rates. To make a 5-ply leaf, mart by cutting out a 
piece of foil approximately 4 Inches by 4 Inches. Fold it to make a 4-ply sheet 
approximately 2 Inches by 2 inches, with one corner exactly squ:<e Next from a 
single thickness of foil cut a square approximately .'' inches by 2 inches. Slip this 
square into a 4-ply sheet, thus making a S-piv shee*. Then make the 5-ply leaf, 
usinj, the F'WISHED-LEAF PATTERN, etc. as described for making an 8-ply leaf. 
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INSTRUCTIONS. Page II 

PATTERN FOR CLEAR PLASTIC COVER FOR KFR.' CAN 

POSITION TO ATTACH 
THE PAPER SCALE TO 
THE COVER OF CAN, 
PERPENDICULAR TO 
THE KFM LEAVES 

/ 
/ 

/ CENTER O 
OF CAN 

HOLE FOR 
CHARGING 
WIRE 

1/2 in 

TT1 
I 

& 
0 

\ 

l\ 

# / 

• y 

SHCHTSIDE 

UJ 
O 
10 
O z o 

OPEN EDGE 

THREAD LINE 

8 PLY LEAF 

THIRD FOLD EDGE 

FINISHED LEAF PATTERN 
(CUT OUT EXACTLY ON SIDE LINES) 

PATTERN PAGE (3) 

CUT ALONG 
ENDS OF MARKS 
ALSO CUT ON . 
THIS LINE 

CUT ALONG 
ENDS OF MARKS 
ALSO CUT ON . 
THIS LINE 

PAPER SCALE (TO BE CUT OUT) 

CAUTION: XEROX COPIES OF THE FINISHED LEAF AND THE 
SCALE PATTERNS WILL BE SLIGHTLY TOO LARGE. 

iiijIH 
20 15 10 5 0 5 10 15 20 

20 15 10 5 0 5 10 15 20 
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If no epoxy glue* is available to hold down the hem and pi event the 
thread from slipping in the hem, cut two pieces of tape (Dand-Aiu tape is 
best; next best is masking or freezer tape; next best, Scotch tape). After 
first peeling off the paper backing of F and-Aid *»pe, cut each piece of 
tape 1/8 inch by 1 inch long. Atta<-:> these two pieces of tape to the 
finished &-p)y aluminum leaf with the sticky skies up. except for their 
ends. As shown by the pattern on the following patten pave, secure 1/8 
inch of one end of a tape strip near one comer of the J-ply aluminum foil 
leaf by first turning under this 1/S-wch end: that is. wi'.h this end's 
sticky side down. Then turn undet the other l/S-inch-bng cuU, jnd 
attach this end below the THREAD LINE. Slut each tap* strip a* 
illustrated on Pattern (C). p c 7 ( I 9 ) 

Be sure you have read through step 18 before yoi do anything else. 

12. Cut an 8-1/2-inch piece of fine, unwaxed, very clean thread. (Nylon 
twisted thread, unwaxed extra-fine ny'on dental floss, or silk thread are 
best in this order. Nylon mouofUament "invisible" thread is an excellent 
insulator but <s too difficult for most people to handle.) 

Cut out Pattern (C), the guide sheet used when attaching a leaf to Its 
suspending thread. Then tape Pattern (C) to the top of a work table. 
Cover the two "TAPE HERE" rectangles on Pattern (C) with pieces of 
tape, each piece the size of the rectangle. Then cut two other pieces of 
tape each the same size and use them to tape the thread ONTO the guide 
•beet, on top of the "TAPE HERE" rectangles. 

Be very careful not to teach the two 1-inch parts of the thread next to the 
outline of the finished leaf, since oil and dirt even on clean fingers will 
reduce the electrical insulating value of the thread between the leaf and 
the top rim of the can. 

13. With the thread still taped to the paper pattern snd while slightly lifVng 
the thread with a knife tip held under the center of the thread, slip the 
finished leaf under the thread and into position exactly on the top of the 
leaf outlined on the pattern page. Hold the leaf in this position with two 
fingers. 

14. While keeping me thread straight between its two taped-down ends, 
lower the thread so that it sticks to the two plastic strips. Then press the 
thread against the plastic strips. 

15. With the point of the knife, hold down the center of the thread against 
the center of the THREAD LINE of the leaf. Then, with two fingers, 
carefully fold over the hem and press U almost flat. Be sure that the 
thread comes out of the corners of the hem. Remove the knife, and press 
the hem down completely fiat against the rest of the leaf. 

16. Make MMII marks on the thread at the two points shown on the pattern 
page. Use a ballpoint pen if available. 

s"~- c 

J 7. Loosen the second two small pieces of tape from the pari. *" "oper. but leave 
these tapes stuck to the thread. 

18. Cut 5 pieces of Band-Aid tape, each approximately 
1/8 inch by 1/4 inch, this small. a 
Use 3 of these pieces of tape to secure the centers of the side edges of the leaf. 
Place the 5 pieces as illustrated in the SIDE VIEW sketch below. 

Pq 7-120) 

LEAF 
SUSPENDING 

THREAD 

OflNl OWG 7»M4> 

- THREAD ON 
OUTSIDE 
OF CAN 
5 PIECES OF 

1/8 IN. X 1/4 IN. 
BANDAR TArc -
ONE'iCHLEAF 

TAVf STUCK TO 
CNDOFTHREAO. 
AND LATER TO CAN 

ALUMINUM. 
FOIL LEAF 

S-oi. CAN 

HEM ON 
OUTSIDE 
OF LEAF 

SIDE VIEW END VIEW 
IMOWIHO THt TWO LIAVH CHAROID 

(WHIN NOT CHANaiD. THI LIAVM HANO 
FtNPf NOtCULAft AND TOUCI'lNO.I 

*',f using opox> oi oilici nine, use only a very little to hold down the hem, to 
attach the thread securely to the leaf and to glue together any open edges of the 
plied foil. Most convenient is "one hour" epoxy, applied with a toothpick. Model 
airplane cement requires hours to harden when applied between sheets of 
aluminum foil. To make sure no glue stiffens the free thread beyond the upper 
corners of the finished leaf, put no glue within I /4 inch of a point where thread will 
go out from the folded hem of the leaf. 

The instructions in step 11 am for persons lacking "one hour" epoxy or the time 
required to dry other types of glue. Persons using glue instead of tape to attach the 
leaf to its thread should make appropriate use of the pattern on the following page 
and of some of the procedures detailed in steps 12 through 18. 



COVER THE TV0 "TAPE HERE" RECTANGLES WITH SAME-SIZED PIECES 
OF TAPE, IJ" ORDER TO KEEP FROM TEARING THIS PAPER WHEN 
REMOVING TWO ADDITIONAL PIECES- O*' TAPE. THEN, BY PUTTING 
TWO OTHER PIECES OF TAPE THIS SAME SIZE ON TOP OF THE FIRST 
TWO PIECES, TAPE THE THREAD ONTO THIS GUIDE SHEET, AND LATER 
ATTACH A LEAF TO THF TAPED-DOWN THREAD. 

TAPE 
HERE 

USE BALLPOINT PEN TO 
MARK THREAD HERE 

~ » 

V THREAD LINE 
TAPE HERE TO HOLD 
THREAD SECURELY 
OVER THREAD LINE 

+ 
DO NOT TOUCH 
OR MARK THIS 
MNCHPART 
OF THE THREAD 

P g ; (21) 

CENTER 
OF THREAD 

OF FINISHED 
ALUMINUM.FOIL 

LEAF 

f MARK THREAD HERE 

THREAD LINE 
DO NOT TOUCH 
THIS MNCHPART 

BAND-AID PLASTIC (1/8" X 1") 
WITH STICKY SIDE UP AND 
ENDS FOLDED UNDER 60 AS 
TO STICK TO ALUMINUM 
(OR USE A VERY LITTLE EPOXY.) 

PATTERN (C) 
(Cut out this guide along its border lines and tape to the top of a work table.) 

WARNING: The parts of the thread that will be inside the can and on whinh the leaf will 
be suspended must serve to Insulate the high-voltage electrical charges to be placed on the leaf 
Therefore, the suspended parts of the thread must be kept very clean. 



XI. faetafltawdl—la— Fait—vee 

Use the two small pieces of tape stuck to the ends of a leaf-suspending thread 
to attach the thread to the outside of the can. Attach the tapes on opposite 
sides of the can, so as to suspend the leaf inside the can. See END VIEW 
sketch. Each of the two auras on the attached thread MUST real exactly on 
UM lap of the rte of tae caa, preferably in two very aasall notches filed in the 
top of the rim of the can. Each of these two marks on a thread should be 
positioned exactly above one of the two points shown on the pattern wrapped 
around the can. 5 : sure that the hem-side of each of the two leaves faces 
outward. See END VIEW sketch. 

Next, the suspending thread of the first leaf should be taped to the top of the 
rim. Use a piece of Band-Aid only about 1/8 in. x 1/4 in., sticking it to the rim 
of the can so as barely to cover the thread on the side where the second leaf will 
be suspended. Make sure no parts of the tapes are inside the can. 

Position a.id secure the second leaf, being sure that: 

a. The smooth sides of the two leaves are smooth (not bent) and face each 
other and are flush (= "right together") when not charged. See END 
VIEW sketch and study the first photo illustration, "An Uncharged 
K F M • Pg 7-(22) 

b. The upper edges of the two leaves are suspended side by side and at the 
same distance below the top of the can. 

c. The leaf-suspending threads are taped witi Band-Aid to the top of the rim 
of the can (so that putting the cover on will not move the threads). 

d. No parts of the leaf-suspending threads inside the can are taped down to 
the can or otherwise restricted. 

e. The leaf-suspending parts of the threads inside the can do not cross over, 
entangle or restrict each other. 

f. The threads come together on the top of the rim of the can, and that the 
leaves are flat and hang together as shown in the first photo illustration, 
"An Uncharged KFM." 

g. If the leaves do not look like these photographed leaves, make new, better 
leaves and install them. 

Cover with tape the parts of the threads that extend down the oatald* of the 
can. and also cover with more tape the small pieces of tape near the ends of the 
threads on the outside of the can. 

( 

5. To make the SEAT, cut • piece of a wooden pencil, or a stick, about one Inch 
long and tape it securely to the aide of the can along the center line marked 
SEAT on the pattern. Be sure the upper end of tht* piece of pencil is at the 
same position as the top of the location for the SEAT outlined on the pattern. 
The top of the SEAT Is 3/4 inch below the top of the can. Be sure not to cover 
or make illegible any part of the table printed on the paper pattern. 

6. Cut out one of the "Reminders for Operators" and glue and/or tape it to the 
unused side of the KFM. Then it is best to cover all the sides of the finished 
KFM with clear plastic tape or varnish. This will keep sticky-tape on the end of 
an adjustment thread or moisture from damaging the "Reminders" or the 
table. 

XII Make the Plastic Cover 

1. Cut out the paper pattern for the cover from the Pattern Page (B). 

2. From a piece of clear, strong plastic, cut r. circle approximately the same size 
as the paper pattern. (Storm-window polyethylene plastic, 4 mils thick, is 
best.) 

3. Stretch the center of this circular piece of clear plastic over the open end oi the 
can, and pull it down close to the sides of the can, making small tucks in the 
"skirt," so that there are no wrinkles in the top cover. Hold the lower part of 
the "skirt" in place with a strong rubbei band or piece of string. (If another 
can having the same diameter as the KFM can is available, use it to make the 
cover - to avoid the possibility of disturbing the leaf-suspending threads.) 

Make the cover so it fits 
snugly, but can be taken 
off and replaced readily. 

.lust below the I -p of the 
rim of the can, bind the 
covering plastic in place 
with a 1/4-i ah-wide 
piece of strong tape. 
(Cloth duct tape is best. If 
only freezer or masking 
tape is available, use two 
thicknesses.) 

Pg 7-(23) 

KEEP THIS SMALL PART 
OF THE 1/4 IN. TAPE 

yi£U!£Al 
WHILE PULLING TAPE 
AROUND RIM OF CAN 

RUBBER 
BAND 
OR 

STRING 

COVER 
(CLEAR 
PLASTIC) 

EDGE 
OF PLASTIC 

COVER 
Keep vertical the small 
part of the tape that 
presses against the rim of 
the can while pulling the 
length of the tape horizontally around the can so as to bind the top of the plastic 
cover snugly to the rim. If this small part of the tape \* kept vertical, the lower 
tdge of the tape will not squeeze the plastic below the rim of the can to such a 
small circumference as to prevent the cover from being removed quite easily. 

i 
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\ 
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5. With scissors, cut off the' 'skirt'' of the plastic cover until it extends only about 
one inch below the top of the rim of the can. 

6. Make a notch in the "skirt," about one inch wide, where it fits over the pencil 
SEAT attached to the can. The "skirt" in this notched area should be only 
about 5/8 of an inch long, measured down from the top of the rim of the can. 

7. Remove the plastic cover, and then tape the lower edges of the "skirt," inside 
and out, using short lengths of 1/4-inch-wide tape. Before securing each short 
piece of tap?, slightly open the tucks that are being taped shut on their edges, 
so that the "skirt" flares slightly outward and the cover can be readily 
removed. 

8. Put the plastic cover on the KFM can. Prom the Pattern P*ge (B) cut out the 
SCALE. Then tape the SCALE to the top of the plastic covei in the position 
«hmwn on the pattern for the cover, and also by the drawings. Preferably use 
transparent tape. 

Be careful not to cover with tape any of the d*v*«ion lines on the SCALE 
between 20 on the right and 20 on the left of 0. 

9. Make the ch&rging-wtre ly following the pattern given below which is loctty 
the right abe. 

Doorbell wire with an outside diameter of about 1/16 inch is best, but any 
lightweight insulated wire, such as part <•* a lightweight two-wire extension 
cord split in half, will serve. The illustrated wire is much thicker than bell 
wire. To stop tape from possibly slipping up or down the wire, use a very little 
8 ' u e - Pg 8-125) 
If a very thin plastic has been used for the cover, a sticky piece of tape may 
need to be attached to the end of the bare-ended adjustment thread, so both 
threads can be used to hold the charging wire in a desired position. 

The best tape to attach to an end of one of the adjustment-threads is cloth duct 
tape. A square piece 3/4 inch by 3/4 inch is the sticky base. To keep this tape 
sticky (free of paper fibers), the paper on the can should be covered with 
transparent tape or varnish. A piece about 1/8 inch by 3/4 inch serves to stick 
unvier one end of the sticky base, to bald the adjustment-thread. A 3/4 inch by 
1-1/4 inch rectangular piece of tape is used to make the finger hold -
important for making adjustments inside a dry-bucket. 

With a needle w pin. wake a hole in the plastic cover 1/2 inch from the rim of 
the can and directly above the upper end of the CENTER LINE between the 
two leaves. The CENTER LINE is marked on the pattern wrapped around the 
can. Carefully push the CHARG1NG-W1RE through this hole (thus stretching 
the hole) until all of the CHARGING-WIRE below its Band-Aid-upe stop is 
inside the can. 

W& 

EXACT Sl /E 
TIE POINT FOR 
ONE THREAD 
WHOSE TWO-
ENDS ARE THE 
ADJUSTMENT-
THREADS 

TAPE SECURELY• 

INSULATION-

THIS PART 
GOES INSIDE 
THE KFM CAN 

BARE-ENDED 
ADJUSTMENT-THREAD 

FINGER HOLD 

ft > BANO-AID-TAPE 
: STOP 

11 
INSULATION 

END OF 2-1/2 IN. 
THREAD 

STICKV-ENOEO ADJUSTMENT THREAD 
(ACTUAL SIZE) 

BARE WIRE Pg 8-(26) 
CHARGING-WIRE 

" ^LZXXZEZI™ *TICKY-ENDeD ADJU8TMINT-THHEAD 
(BELL-WIRE IS BEST) (OVERSIZED DRAWING) 
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XIII. Two Waya U» Charge a KFM 

1. Charging a KFM with Hard Plastic Rubbed on Dry Paper. 

y Adjust the charging-wire so 
that its. lower end is about 
1/16 inch above the upper 
edges of the aluminum-roil 
leaves. Use the sticky-tape 
at the end of one adjust
ment-thread to hold the 
charging-wirc in this 
position. Stick this tape 
approximately in '.inc with 
the threads suspending the 
!cavc», either on the side of 
the can or on top of the 
plastic cover. (If the 
charging-wire is held loose
ly by the cover, it may b - « . . ,* . . . , . 
necessary to put a piece of 
sticky-tape on the end of :ach adjustment thread in order to adjust the 
charging-wire securely. If a charging-wire is not secure, its lower end may 
be forced up by the like charge on the leaves before the IJ.WCS can be fully 
charged.) 

r 1 1 < > i, • > 

Select a piece of Plcxiglas, a draftsman's plastic triangle, a smooth plastic 
ruler, or other piece of hard, smooth plastic. (Unfortunately, not all types 
of hard plastic can be used to generate a sufficient electrostatic charge,) 
Be sure the plastic is dry. 

For charging a KFM inside a dry-bucket, cut a rectangular piece of hard 
plastic about 1-1/2 by 5 inches. Sharp corners and edges can be smoothed 
by rubbing on concrete. To avoid contaminating the charging end with 
sweaty, oily fingers, it is best to mark the other end with a piece of tape. 

fold DRY paper (typinj. paper, writing paper, or other smooth, clean 
paper) to make an approximate square about 4 inches on a side and about 
20 sheets thick. (This many sheets of paper lessens leakage to the fingers 
of the electrostatic charges to be generated on the hard plastic and on the 
rubbed paper.) 

d. Fold the square of paper In the 
middle, and move the hard 
plastic rapidly back and forth 
so that it is rubbed vigorously 
on the paper in the middle of 
this folded square •• while the 
outside of this folded square of 
paper Is squeezed firmly 
between thumb and the ends 
of two fingers. To avoid 
discharging the charge on the 
plastic to the fingers, keep 
them away from the edges of 
the paper. See phot''1 

c Move the electrostatically 
charged part of the rubbed 
plastic rather slowly past the 
upper end of the charging-
wire, while looking straight P M f; ( 7 M ) 
down on the KFM, Keep uie 
hard plastic approximately perpendicular to the charging-wire unci about 
1/4 to 1/2 inch away from its upper end. The charge jumps the spark gaps 
and charges the leaves of the KIM, 

f. Pull down on an insuluting adjustnunt-thrcad to raise the lower end of the 
churging-wirc, (If the churglng-wirc has been held in its charging position 
by its sticky-ended adjuslmcnt-thrcail being stuck fo (he top of the clcur 
plastic cover, to avoid possibly damaging the threads: (I) pull down a little 
on the bare-endcel adjustment-thread; uml (2) detach, pull down on, and 
secure the silcky-endcd adjustment-thread lo the side of the can, so as w 
tuixc HIHI keep the lower end of (he churging-wiic close to ihc underside of 
the clear plastic cover.) Do not touch itir chuglng-wlre, 

g. Put the charging paper and the hard plaslic in a container where they will 
be kept dry -- *•> in n Mason jar will some drying agent. 

Charging a KIM from » Quickly Unwound RoJI of Jape. ((Jukk unwinding 
produces a harmless charge of scvcr.il thin:!.:" 'I volts on the tape.) 

a. Adjust the charging-wirc so thai its lower end is about I/In Inch above the 
upper edges of the aluminum r ni leaves. Use the sticky-tape at the end of 
one adjustment-thread to hol<, ihc charging-wire in this position, Stick this 
tape approximately in line w.t'i the leaves, either on the aide of the can or 
on the plastic cover. (If <lv. plastic cover is weak, it may be necessary to 
put a piece of sticky-tap* on thr end of each adjustment-thread, in order to 
hohl the charglng-wirc securely, If < charging-wire is not secure, its lower 
end may be forced up by the like chaige on the leaves before the leave* can 
he fully charged,) 

1.1 

I 
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b. The sketch shows the "GST 
SET" position, preparatory to 
unrolling the Scotch Magic 
Transparent Tape, P.V.C. elec
trical tape, or other tape. Be 
sure to first remove the roll from 
its 'dispenser. Some of the other 
kinds of u»ye will not produce a 
high enough voltage. 

c. QUICK1Y unroll 10 to 12 inches 
of tape by pulling its end with 
the left hand, while the right 
hand allows the roll to unwind 
while remaining in about the 
same "OET SET" position only 
an inch or two away from the 
KFM. 

d. While holding the unwound t.pe tight, about p .̂pendicu'ai to the 
charging-wire, and about 1/4 inch away from the end of the charging-wire, 
promptly move both hands and the tape to the right rather alowly - taking 
about 2 seconds to move jbout 8 inches. The electrostatic charge on U;<-
unwound tape "jumps" the spark gaps from the tape to the upper end of 
the charging-wire and from the lower end of the charging-wire to the 
aluminum leaves, and charges the aluminum leaves. 

Be sure neither leaf is touching - stop-thread. 

Try to charge the leaves enough t. spread them far enough apart to give a 
reading of at least IS mm. 

*GET SET" POSITION 

Pg 9 -179\ 

r 

Pull down on an insulating adju«tment-ihread to raise the lower end of the 
charging-wire. If the charging-wire has been held in charging position by 
its sticky-ended adjustment-thread being stuck to the top of the clear 
ptostic cover, it is best first to 
puii drwn a little on the 
bare-endea adjuswrU-thread, 
and then to move, pu'' down on, 
and secure the sticky-c.Jeo 
adjustment-thread to the side of 
the can so that the lewer part of 
the charging-wire is cinse to the 
underside of the ciear plastic 
cover. 

V| * SPARK (UP 

TRANSFERRING CHARGE 

Do not touch the charming-wire. 9 .-(30) 
Rewind the tape tight on its roll, for future use when other tapt may not 
be available. 



XIV. Make aad I 'M a Dry-Bocket 

By charging a KFM while it is 
inside a dry-bucket with a 
transparent plastic cover (see 
illustration), this fallout meter 
can be charged and used even 
if the relative humidity is 
100% outside the dry-bucket. 
The air inside the dry-bucket is 
kept "ery dry by a drying 
agent placed on its bottom. 
Abo»it a cupful of anhydrite 
serves very well. The pieces of 
this dehydrated gypsum need 
not be as uniform in size as is 
best for use inside a KFM. but 
do not use Kowdered anhy
drite. 

A dry-bucket can be readily 
made in ab.<ui .n hour by 
proceeding as fol!<v--»: 

1. Remove <.he handle of a large bu-i->. pot, or can preferably with a 
top diameter of at least 11 inches. A 4-gaIlon bucket having a top 
diameter of about 14 inches is ideal. If the handle-supports interfere 
with stretching a piece of clear plastic film across the top of the 
bucket, remove them, being sure no sharp points rem«<n. 

2. Cut out a circular piece of clear plastic with a diameter about S inches 
larger than the diameter of the top of the bucket. Clear polyethylene 
4 mils thick, used for storm windows, etc., is best. Stretch the 
plastic smooth across the top of the bucket, and tie it in pi ice, 
preferably with strong rubber bands looped together to form a ci'cle. 

3. Make a plastic top that fits snugly but is easily removable, b; taping 
over and around the plastic just below the top of the bucket. 
GtrtJ-i.-eh wide cloth duct tape, or ooe-inch-wide glass-reinforced 
strapping tape, serves wel!. When taping, do not permit tht lower 
edge of the tape to be pulled inward below the dm of the bucket. 

3/4 in. 

Pg 10-(32) 
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Cut two small botes (about 1 inch by 2 inches) in the plastic cover, as 
illustrated. Then make the radial cuts (shown by dotted lines) 
outward from the small holes, out to the solid-line outlines of the 3 
inch by 4 inch hand-holes, JO as to form small flaps. 

Fold the small flaps upward, so they are vertical. Then tape them on 
their outer sides, so they form a vertical "wall" about 3/4 inch high 
•round each hand-hole. 

Reduce the length of two ordinary plastic breed bags (or similar 
plastic bags) to a length that is S inches greater than the height of the 
bucket. (Do not use rubber gloves in place of bags; gloves so used 
result in much more humid outside air being unintentionally pumped 
into a dry-bucket when it is being used while charging a KFM inside 
it.) 

Insert a plastic bag into each hand-hole, and fold the edge of the 
plastic bag about 1/2 inch over the taped vertical "wall" around 
each hand-hole. 

Strengthen the upper parts ot the plastic bags by folding 2-inch 
pieces of tape over the top of the "wall" around each hand-hole. 

Make about a quart of anhydrite by heating small pieces of 
wall-board gvpsum, and keep this anhydrite dry in a Mason jar or 
othtr airtight container with a rubber or plastic sealer. 

Make a circular aluminum-foil cover to place over the plastic cover 
when the dry-bucket is not being used for minutes to hours. Make 
this cover with a diameter about 4 inches greater than the diameter 
of the top of the bucket, and make it fit more snugly with an 
encircling loop of rubber bands, or with string. Although not 
essential, an aluminum-foil cover reduces the amount of water vapor 
thai can reach and pass through the plastic :-over. thus extending the 
lifr (f the drying agent. 

Charge a KFK nside a dry-bucket by: P g II—(33) 

a. Taking off wrisi watch and sharp-pointed rings that might tear 
the plastic bags. 

b. Placing inside the dry-bucket: 

(1) About a cup of anhydrite or silica gel; 
(2) the KFM. with its charging-wire adjusted in its charging 

position; and 
(3) dry. folded paper and the electrostatic charging device, 

best a S-inch-long piece of Plexiglas with smoothed 
edges, to be rubbed between dry paper folded about 4 
inches square and about 20 sheets thick. (Unrolling a -oil 
of tape inside a dry-b'»cket is an impractical charging 
method.) 

c. Replacing the plastic cover, that is best held in place with a 
loop of rubber bands. 

d. Charging the KFM with your hands inside the pi us tic bags, 
operating the charging device. Have Another person 
illuminate the KFM with a flashlight. When adjusting the 
charglng-wire. move your hand* very slowly. See the 
dry-bucket photos. 

12. Expose the KFM to fallout radiation either by: 

a. Leaving the KFM Inside the dry-bucket while exposing it to 
fallout radiation for one of the listed time intervals, and 
reading the KFM before and after the exposure while it 
•emains inside the dry-bucket. (The reading eye should be a 
measured 12 inches above the SEAT of the KFM, and a 
flashlight or other light should be used.) 

b. Taking the charged XFM out of the dry-bucket to read it, 
expose it. and read it after the exposure. (If this is done 
repeatedly, especially in a humid shelter, the drying agent 
will not be effective for many KFM chargings, and will have to 
be replaced.) 

XV. How to Use a CTM after a Nuclear Attack 

A. Background Information Pg 11-(34) 
If during a rapidly worsening crisis threatening nuclear war you are in the 
place where you plan to take shelter, postpone studying the instructions 
following this sentence until after you have: 

(1) built or improved a high-protection-factor shelter (if 
possible, a shelter covered with 2 or 3 ft of earth and 
separate from flammable buildings), and 

(2) made a KAP (homemade shelter-ventilating pump) If you 
have the instructions and materials, and 

(3) stored at least IS gallons of water for each shelter occupant if 
you oan obtain containers. 

Having a KFM or any other dependable fallout meter and knowing how to 
operate it will enable you to minimize radiation injuries and possible 
fatalities. especially by skillfully using a high-protection-factor fallout 
shelter to control and limit exposures to radiation. By studying this 
section you first will learn how to measure radiation doc* rata* (roentgens 
per hour = R/hr), how to calculate doaaa (Rl received in different time 
intervals, and how to determine ttmo Intervals (hours and/or minutes) in 
which specified doses would be received. Then this section lists the sizes 
of doses (number of R) that the average person can tolerate without being 
sickened, that he is likely to survive, and that he is likely to be killed by. 



Most fortunately for the future of all living things, the decay of 
radioactivity causes the sandlike fallout particles to become iess and less 
dangerous with the passage of time. Each fallout particle acts much like a 
tiny X ray machine would if it were made so that its rays, shooting out 
from it like invisible light, became weaker and weaker with time. 

Contrary to exaggerated uccounts of fallout dangers, the radiation 
rate from fallout particles when they reach the ground in the areas of the 
heaviest fallout will decreet* qahe rapidly. For example, consider the 
decay of fallout from a relatively nearby, large surface burst, at a place 
where the fallout particles are deposited on the ground one hour after the 
explosion. At this time one hour after the explosion, assume that the 
radiation dose rate (the best measure of radiation danger at a r> irticular 
time) measures 2.000 roentgens per hour (2.000 R/hr) outdoors. Seven 
hours later the dose rate is reduced to 200 R/hr by normal radioactive 
decay. Tv o days after the explosion, the dose rate outdoors is reduced by 
radioactive decay to 20 R/hr. After two weeks, the dot e rate is less than 2 
R/hr. When the dose rate is 2 R/hr, people can go out of a good shelter 
and work outdoors for 3 hours a day, receiving a daily dose of 6 roentgens, 
without being sickened. 

In places where fallout arrives several ..ours after the explosion, the 
radioactivity of the fallout will have gone through its time period of most 
rapid decay while the fallout particles were still airborne. If you are in a 
location so distant from ttw explosion that fallout arrives 8 hours after the 
explosion, two days must pass before the Initial dose rate measured at 
your location will decay to 1/10 its initial intensity. 

B. Finding the D M * Rate ?c) I t — ( 3 5 / 

1. Reread Section IV. What a KFM Is and How It Works " 
Also reread Section XIII, "Two Ways to Charge a KFM." 
and actually do each step immediately after t od ing it. 

2. Charge the KFM. raise the lower end of its charging-wire 
and read the apparent separation of the lower edges of its 
leaves while the KFM rests on an approximately horizontal 
surface. Never take a reading while a leaf is touching a 
stop-thread. 

3. Expose the KFM to fallout radiation for one of the time 
intervals shown in the vertical columns of the table attached 
to the KFM. (Study the following table.) If the dose rate is 
not known even approximately, first expose the fully 
charged KFM for one minute. For dependable 
measurements outdoors, expose the charged KFM about 
three feet above the ground. For most exposures, connect 
the KFM to a stick or pole (best done with two rubber 
bands), and expose it about three feet above the ground. Be 
careful not to tilt the KFM ton much. 

Read the KFM after the exposure, while the KFM rests on 
an approximately horizontal surface. 

Find the time interval that gives a dependable reading - by 
exposing the fully charged KFM for one or more of the listed 
time intervals until the reedfcag after the expoeere lai 

(a) 

(b) 

Not less than 5 

At least 2 
exposure. 

Pg 1 1 - ( 3 6 ) 

less than the reading befor.- the 

Calculate by simple subtraction the dtfferruce in the 
apparent separation of the lower edges of the leaves before 
the exposure and after the exposure. Ar. example: If the 
reading before the exposure is 18 mm and the reading after 
the exposure is 6 mm, the differ—te in readings is 18mm -
6 mm = 12 mm. 

If an exposure results in a difference in readings of leas than 
2 mm, recharge the KFM and expose it again for one of the 
longer time intervals listed. (If there appears to be ae 
difference in th<. readings taken before and after an 
exposure for one iti'nutc, this does not prove there is 
absolutely no fallout danger.) 

TABLE USED TO FIND OOtC RATES (R/HR 
FROM KFM REAOINOI 

•ntmni** i tt tmtn tHt niAptmi Htoai iMXm>*i 
AMV IHI HIAOtHt, A* Jtmi flffMual I* *, * Sr4ANW<**. 
fwt . tAtrlti 

If an exposure results in the rrarllng after the exposure 
being leas than S nun. recharge the KFM and expose it 
again for one of the aaavter time intervals listed. 
Use the table attached to the 
KFM to find the dee* rate 
(R/hr) during the time of 
fjposure. The dose rate 
(R/hr) is found at the 
intersection of the vertical 
column of numbers under 
the time interval used and of 
the horizontal line of num
bers that lists the calculated 
difference in readings at its 
left end. 
An example: If the time 
interval of the exposure was 
1 MJN. and the difference in 
readings was 12 BMB, the 
the table shows that the doee rate during the time interval of 
the exposure was 9.2 R/HK (9.2 roentgens per hour). 

Another example: If the time interval of the exposure was 
15 SEC. and ihe difference in readings was 11 a w , the table 
shows that the dose rate during the exposure wax halfway 
between 31 K/fJR and 37 E / H l that is, the deee rate 
was 34 R/hr. 

DIFF- IN TIME INTERVAl OF AN EXPOSURE 
READ ' i t SEC IM IN 4MIN I t M I M IHR 
INC* R/MII R/HR R/HR R/HR R/Hh 
2 mm 8.2 16 04 0 1 0 03 
4 mm 12. 3 1 0.8 0 2 006 
6 m.n 19. 4.6 1.7 0 3 ooa R mm 25 6.2 1« 0 4 010 

10 mm 31. 7.7 20 O b 013 
12 mm 37 9.2 23 0 6 016 
14 mm 43 11. 27 0 7 O i l 



10. Note In the table that if an exposure for one c» the listed time 
intervals causes the dWeiem* in readings to be 2 mm or 3 
mm, then an exposure 4 times a* long itsveals the same dose 
rate. An example: If a l-mlu exposure results in a 
difference in readings of 2 mm, the table shows the dose i .\te 
was 1.6 R/hr; then If the KFM Is exposed for 4 minutes at 
this same dose rate of 1.6 R/hr. the table shows that the 
resultant difference in readings is 8 mm. 

The longer exposure results in a more accurate 
determination of the dose rate. 

11. If the dose rate is found to be greater than 0.2 R/hr and time 
is avhilab>e, recharge the KFM and repeat the dose-rate 
measurement -- to avoid possible mistakes. 

C. Ca; alating the Dose Received Pg 1 2 — ( 3 7 ) 

The dr»e of fallout radiation - that is, the amount of fallout radiation 
received •• determines the harmful effects on men and animals. Being 
exposed to P. high do** rate is not always dangerous - provided the 
exposure is short enough to result in only a small dote being received. For 
example, if the dose raw outside an excellent fallout shelter is 1200 R/hr 
and a shelter occupant goes outside tor 30 seconds, he would be exposed 
for 1/2 of 1 minute, or 1/2 of 1/60 of an hour, which equals 1/120 hour. 
Therefore, since the dose he would receive if he stayed outside for 1 hour 
would be 1200 R. in 30 seconds he would receive 1/120 of 1200, which 
equals 10 R (1200 R divided by 120 = 10 R). A total daily dote of 10 R (10 
roentgens) will not cause any symptoms if it is not repeated day after day 
for a week or more. 

In contrast, if the average dose rate of an area were found to be 12 R/hr 
and if a person remained exposed in that particular Area for 24 hours, he 
would receive a doe* of 288 R (12 R/hr x 24 hr = 288 R). Even assuming 
that this person had been exposed previously to very little radiation, there 
would still be a serious risk that this 288 K doae would be fatal under the 
difficult conditions that would follow a heavy nuclear attack. 

c 

Another example: Assume that three days after an attack the occupants 
of a dry, hot cave giving almost complete protection against fallout are In 
desperate need of water. The dote rate outside Is found to be 20 R/hr. To 
backpack water from a source 3 miles away U estimated to take 2-1/2 
hours. The cave occupants estimate that the water backpackers will 
receive a dose In 2-1/2 hours of SO R (2.3 hr x 20 R/hr = 50 R). A dose of 
50 R will cause only mild symptoms (nausea in about 10% of persons 
receiving a 50 R dose) for persons who previously have received only very 
small doses. Therefore, one of the cave occupants makes a rapid radiation 
survey for about 1-1/2 miles along the proposed route, stopping to charge 
and read a KFM about every quarter of a mil:. He finds no dose rates 
much higher than 20 R/nr. p , « C\Q\ 

So, the cave occupants decide the risk is small enough to justify some of 
them leaving shelter f"r about 2-1/2 hours to get water. 

D. Estimating the Dangers from Different Radiation Doses 

Fortunately, the human body - if given enough time -• can repair most of 
(he damage caused by radiation. An historic example: A healthy man 
accldently received a daily dote of 9.3 R (or somewhat more) of 
fallout-type radiation each day for a period of 106 days. His total 
accumulated deee was at least 1000 R. A dose of >ne thousand roentgens, 
If received in a few (iays is almost three times the dose likely to kill the 
average man if he receives the whole dose in a few days and after a 
nuclear attack cannot get medical treatment, adequate rest, etc. 
However, the only symptom this man noted was serious fatigue. 

The occupants of a high-protection-factor shelter (such as a trench shelter 
covered with 2 or 3 feet of earth and having crawlway entrances) would 
receive less than 1/200 of the radiation dose they woul'i receive outside. 
Even in most apeus of very heavy fallout, persons who remain continously 
in such a shelter would receive a total accumulated doae of less than 25 R 
in the first day after the attack, and less than 100 R in (he first two weeks. 
At the end of the first two weeks, such shelcer occupants could start 
working outside for an increasing length of time each day, receiving a 
dally dwe of no more than 6 R for up to two months without being 
sickened. 



To control radiation exposure in 'his way. each shelter must havr a fallout 
meter, and a daily record must be kept of the approximate total dose 
received each day by every shelter occupant, both while inside and outside 
the shelter. The long-term penalty which would result from a dose of 100 
R received within a few weeks is much less than many Americans fear. If 
100 average persons received an external dose of 100 R during and shortly 
after a nuclear attack, the studies of the Japanese A-bomb survivors 
indicate that no more than one of them is likely to die during the following 
30 years as a result of this 100 R radiation dose. These delayed radution 
deaths would be uue to leukemia and other cancers. In the desperate 
crisis period following a major nuclear attack, ruch a relatively small 
shortening of life expectancy during the following 1f> years should not 
keep people from starting recovery work to save themselves and their 
fellow citizens f;om death due to lack of food and other essentials. 

A healthy person wi.o previously has received a total accumulated dose of 
no ir.ore than 100 R distributed over a 2-week period should realize that: 

100 R. even if all received in a day or less, is unlikely to require 
medica arc-provided during the next ? weeks a total additional 
doseof no more than a few R is received. , 

350 R received t; a few days or less is likely to prove fatal after a large 
nuclear attack when few survivors could get medical care, sanitary 
surroundings, a well-balanced diet, or adequate rest. 

600 R received in a few days or less is almost certain to cause death 
within a few davs. 

E. Using a KFM to Reduce the Doses Received Inside a Shelter 

Inside most shelters, the dose received by an occupant varies 
considerably, depending on the occupant's location. For example, ir .idc 
an expedient covered-trench shelter the dose rate is higher near the 
entrance than in the middle of the trench. In a typical basement shelter 
the best protection is found in one corner. Especially during the first 
several hours after the arrival of fallout, when the dose rates and doses 
received arc highest, shelter occupants should use their fallout meters to 
determine where to place themselves to minimize the doses they receive. 
They should use available tools and materials to reduce the doses they 
receive, especially during the tirst day, by digging deeper (if practical) 
and reducing the size of openings by partially blocking them with curth, 
water containers, etc, -• while maintaining adequate ventilation. To 
greatly reduce the danger from fallout particles cnterii.g the body through 
nose or mouth, slKlitr occupants should at least covei their nose and 
mouth with a i ^el or other cloth while the fallout is being deposited 
outside their shelter. 

The air inside an occupied shelter often becomes very humid. II a good 
flow of ou door air is flowing into a shelter •• especially if pumped by 
briefly operating a KAP or other ventilating pump •• a KFM usually can be 
charged at the air intake of the shelter room without putting it inside a 
dry-buck.-!. However, if the air to which a KFM is exposed hus a relative 
humidily of M)% or higher, the instrument cannot be charged, even by 
quickly unrolling a roll of tape. ( , , , , , , 

I i ) , ..• [ , \ i 

in extensive areas of heavy fallout, the occupants of most home 
basements, that provide inadequate shielding against licav> fallout 
radiation, would be in deadly danger. By using a dependable fallout 
meter, occupants would find that persons lying on the floor in certain 
locations would receive the smallest doses, and that, if they improvise 
additional shielding in these locations, the doses received could be greatly 
reduced. Additional shielding can be provided by placing a double layer 
of doors, positioned about two feet above the floor and strongly supported 
near their ends, and by putting books, containers full of water and other 
heavy objects on top of these doors. Or, if tools are available, breaking 
through the basement floor and digging a shelter trench will greatly 
irvrc.^sc available protection against radiation. If a second expedient 
ventilating pump, a KAP, is made and used a* .i fan, such an extremely 
cramped shelter inside a shelter usually can be occupied by several times 
as many persons. 

END OF INSTRUCTIONS 
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INSTRUCTIONS 
EXTRA PAGE 

PATTERN FOR CLEAR^LASTIC COVER FOR KFM CAN 

SHORT SiDE SHORT SiDE 
OPEN EDGE 

CUT ALONG 
UJ THREAD LINE ENDS OF MARKS 
55 ALSO CUT ON 

.O
NG

 

8-PLY LEAF 
THIS LINE 

CUT ALONG 
- J ENDS OF MARKS 

THIRD FOLD EDGE ALSOC 
THIS LI 

UTON 
NE 

20 15 10 5 0 5 10 15 20 

l l l ! | 

FINISHED LEAF PATTERN 
(CUT OUT EXACTLY ON SIDE LINES) 

20 15 10 5 0 5 10 15 20 

PAPER SCALE (TO BE CUT OUT) 

PATTERN PAGE (B) 
CAUTION: XEROX COPIES OF THE FINISHED LEAF AND THE 

SCALE PATTERNS WILL BE SLIGHTLY TOO LARGE. 



;ss£apsŝ , 

r^ 

;. 

COVER THE TWO "TAPE HERE" RECTANGLES WITH SAME-SIZED PIECES 
OF TAPE, TO KEEP FROM TEARING THE PAPER WHEN REMOVING OTHER 
PIECES OV TAPE. THEN, USING TWO OTHER PIECES OF TAPE THIS 
SAME SIZE, TAPE THE THREAD ONTO THIS GUIDE SHEET, AND LATER 
ATTACH A LEAF TO THE TAPED DOWN THREAD. 

USE BALLPOINT PEN TO 
MARK THREAD hERE 

THREAD LINE 

1 
THREAD LINE 

TAPE HERE TO HOLD 
THREAD SECURELY 
OVER THREAD LINE 

+ 
DO NOT TOUCH 
OR MARK THIS 
MNCHPART 
OF THE THREAD 

CENTER 
OF THREAD 

OF FINISHED 
ALUMINUM-FOIL 

LEAF 

f MARK THREAD HERE 

+ THREAD LINE 

DO NOT TOUCH 
THIS MNCHPART 

BAND-AID PLASTIC (1/8" X )"> 
WITH STICKY SIDE UP AND 
ENDS FOLDED UNDER SO A3 
TO STICK TO ALUMINUM 
(OR USE A VERY LITTLE EPOXY.) 

WARNING: The parts of the thread that will be inside the can and on which the leaf will 
be suspended must serve to insulate the high-voltage electrical charges to be placed on the leaf. 
Therefore, the suspended parts of the thread must be kept very clean. 



INSTRUCTIONS 
EXTRA PAGE 

REMINDERS f u n OPERATORS REWlNDEJtS 'OS of-RATORS 

THE O » T ; * " AGENT ' N S ' D E A KFW 
IS 0 . 1 . IT. IBES ":HF CHA2r.ES 
KFTI 15 SOT EXPOSED TO RAI-IA-
TI™t ITS READINGS DECREASE 
BY 1 UK mi LESS IN 3 H0CR3 

READIV, WITH THE REA."I*G ETF 
12 INCHES VERTICALM ABOVE THE 
SEAT. SOTE ON THE kH SCALE -TIF 
SEPARATION OF THE L.»ER EDGES 
OF THE LEAVES IF"»lT"SIGirr 

! LEAF IS AT 10 • U S I I I LEFT 
LEAF IS AT 7 WW. THE KFW R F I - -
17 *M SEVER TAKE A RE'IISC 
WILE A LEAF IS TOtCHI: A 
STOP-THREAD SEVER USE A KF* 
READING TSAT IS LESS THAN 5W*. 

FINDING A POSE RATE IF BEFORE 
EJOuSIHE A KFW REAJS 17 KM AND 
IF AFTER A 1-HINUTE EXPOSURE 
IT READS 5 WW THE DIFFERENCE 
I I READINGS IS 12 WW. THE AT
TACHED TABLE SHOWS T!,F DOSE 
RATE WAS 9 . 6 R/'HR DURING THE 
EXPOSURE 

• FINDING A DOSE IF A PERSON 
i 5 S l > r 7 K t S t r ) E FOR J HOURS 
•HERE THE OOSE RATE ! S 2 R ' ! , 2 . 
WHAT IS HIS RADIATION I>OSE'> 
ANSWER 3 HR X 2 R.HH • 6 R 

AND A PEiiSuS IS ULLIM". TC 
TAKE A C S DOSE. 5 r » LOST ."AS 
HE REW.AIS OUTSIDE'1 ANSWER 

6 ?. -r ; « RHR - 3 . 7 5 HR -

1 SOURS ASH AS SIVUTES 

F A L r Q r " L R A g " ! ! : ) * g i ' g H """* 
' ifALTW PEBSON' * T P H ' V I W S -
LY EXPOSES TO » T . :» [_ RADIA
TION DOSE Of WORE THAN iOO P. 
ruRISG A 2-*FEK PERICP 
6 S PEP. DAY CAN BE TOLERATED 
P5fi UP TO TWO WOTTH.- WITT-XT 
LOSING THE ABILITY TO WO.IK. 

W O R IS A WEEK 0 » 
I.IIELT TO SERIOUSLY 

.ESS IS SOT 
SII KEN 

350 » IS A ?E« DAYS IS LIKELY 
TO PROVE FATAL I T O I POST-
ATTACK CONDITIONS. 

S00 S IS A WEEK C> LESS !S 
ATJ55T CERTAIN TO CAUSE DEATH 
WITHIN A FEW WEEKS. 

TEE DRTISG AGENT INSIDE A KrW 
IS O K IF. wlTEs THE CHARGED 
KFH IS NOT EXPOSED TO RADIA
TION IT5~REAEINGS DECREASE 
BY I Kit Ok LESS. IS 3 HOCUS 
HEADISC. WITH THE READING VIZ 
12 INCHES VERTICALLY ABOVE THE 
SEAT. NOTE OS THE W* SCALE THE 
SEPARATION OF THE LOWEH EDGES 
-.F THE LEAVES IF THE SIGHT 
LEAS IS AT 10 Ml AND THE LEFT 
LEAF -S A» 7 UK. THE XFH RrADS 
17 WW SEVER TAKE A BEADING 
W:;iL£ A LEAF IS TOUCHING * 
STOP-THREAD. SEVER USE A KF1I 
READING THAT IS LESS THAN SHU. 

FINDING A DOSE RATE IF BEFORE 
EXPOSURE A IFw READS IT in A.ND 
IF AFTER A I-WISTTE EXPOSURE 
IT READS 5 « a . THE DIFFERENCE 
I S READINGS IS 12 H*. THE AT
TACHED TABLE SHOWS THE DCSE 
RATE WA.'; » . « R'rfR DURING THE 
EXPOSURE 
FINDING A DOSE IF A PEHSON 
«ORKS O C T S I E F T F O R 3 HOCUS 
WHERE THE DOSE RATE IS 2 R'HR. 
WHAT IS HIS RADIATION DOSi'' 
ANSWER 3 cR * 2 P-.'HR • 6 R 

FISDISG HOW UWG IT TAKES TO 
g-tr A C E H A T N T K . S E !F TM 
DIKE RATE IS : 6 a HR OUTSIDE 
ASD A PERSON -•: WILLING TO 
TAKE A 6 8 . HOW LOW. CAN 
HE REMAIS OUTSTDE'' ASSWEP 
6 R -T ] € R HR - 3 75 H5> » 

3 HOURS AT". 4 5 WISt'TES 

F*!^?VI_ l? A?ljII? <-2-' Pr? F 0* 
LY EXPOSED TO A TOTAL RADIA
TION DOSE OF WORE THAN W, R 
DURING A 2-WEEK PERIOD 

6 R PER DAT CAS BE TOLERATED 
FOT! UP TO TWG HONTHS WITHOUT 
LOSING THE ABILITY TO WORK 

100 R IS A WEEK OR LESS IS SOT 
LIKELY TO SERIOUSLY SICKEN 

350 R IN A FEW DAYS IS LIKELY 
TO" PROVE FATAL UNDER POST-
ATTACK CONDITIONS. 

6 0 0 R IN A WUEK OH LESS IS 
ALMOST CERTtIN TO CAUSE DEATH 
WITHIN A FEW WEEKS 

http://CHA2r.ES
http://CeHaTnTK.se
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6. ACCURACY AND RANGE OF THE KFM 

Essential characteristics of the KFM include its capability to hold 
an unusually large charge for an electroscope and its capability to 
enable gamma doses to discharge the charge on its insulated aluminum-
foil leaves in such a way that the changes in the observed separations 
of the lower edges of its leaves, caused by the gamma doses, are directly 
proportional to the magnitude of these doses. These characteristics are 
described in more detail in Appendix A, "Design Principles and Procedures 
Used in Developing the KFM." 

The schematic drawing of a KFM (see Fig. 6.1, below) shows the 
forces operating on the charged leaves of a KFM. By optimizing the size, 

ORNL-OWG 75-11f-89R 

KFM FULLY CHARGED 

TRANSPARENT 
PLASTIC TOP 

NYLON THREAD: 
(INSULATORS) 

ALUMINUM FOIL 
LEAVES 

^—IONIZATION 
CHAMBER 

(= METAL CAN, 
OR METAL-LINED 

CONTAINER) 

WALL — 

FLOOR 

G H +A F = R + A W 

KFM PARTLY CHARGED 

Fig. 6.1. Schematic Drawing Showing Balanced Forces Ooerating on the 
Charged Leaves of a KFM. Forcing the leaves together are G", the hori
zontal component of the gravitational forces on each leaf, and A , the 
net horizontal component of the forces of attraction between the unlike 
charges on each leaf and on the floor of the ionization chamber. Forcing 
the leaves apart are R, the horizontal component of the like charges on 
the leaves, and A^, the horizontal component of the forces of attraction 
between the unlike, charges on each leaf and on the wall of the ionization 
chamber. 
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shape, weight, and suspension system of the leaves relative to the size 
and shape of the ionization chamber, the desired essential characteristics 
of the SFM were attained. 

For an electroscope-type fallout meter to be practical, accurate 
measurements must be obtainable without charging the instrument to any 
specified initial reading. Figure f.2, below, shows the essentially 
straight-line relationships between successive readings of twc KFMrf 
with fi-ply leaves of standard aluminum foil and the gamma doses that 
caused the changes in these readings. Figure 6.2 also shows that the 
accuracy of a KFM is not dose-rate-dependent for dose rates ranging from 
2.0 R/hr up to 10.0 R/hr. Calibration tests at much lower dose rates 
and at dose rates of up to 20 R/hr have indicated this essential charac
teristic prevails throughout a KFM's practical range of measurements. 

ORNL-OWG 76-6638 
1 1 J 
CALIBRATION TESTS C p KFM 20 G AND KFM 20 i 

(BOTH HAVE 8-PLY LEAVES OF STAN0AR0 ALUMINUM FOIL) 
o « KFM 201 AT 2.5 R/hr, 6 0 —c EXPOSURES 

£ 
e 
Ul > < 
iii 

u. o 
v> 
tel 
O a 
ui 

Ul 

o 

20 

18 

16 

14 

12 

10 

8 

6 

4 

2 

a - KFM 201 AT 2.0 R/hr, 60*«c EXPOSURES 
x » KFM 20GAT 2.5 R/hr, 6 0 MC EXPOSURES 
0 « KFM 20GAT 2.0 R/hr, 60 M C EXPOSURES 
* - KFM 20G AT 10.0 R/hr, 30 s«c EXPOSURES 

80 120 
GAMMA DOSE (mR) 

200 

Fig. 6.2. Calibration Curves for Two KFMs with 8-Ply Leaves. 
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The accuracy of the KFM is shown more clearly by Fig. 6.3, below, in 
which the calibration points for the same calibration tests covered by 
Fig. 6.2 have been normalized. For a KFM with 8-ply leaves, an essen
tially straight-line relationship between changes in readings and the 
causative gamma doses is seen to prevail throughout a dose range of 
about 180 mR. Assuming the practical minimum time interval of exposure 
to war fallout radiation is 15 sec, a ISO mR dose range makes prac
tical the measurement of dose rates of up to 43 R/hr. (15 sec = 1/240 hr; 
0.18 R/l/240 hr = 0.18 R x 240/hr = 43 R/hr.) 

ORNL-OWG 76-6548 

E 
S 

eft 
UJ > < 

o o 
UJ 
<r 
UJ 
* o 

20 

18 

16 

14 

12 

o 10 
z 
B 8 < 
tr 
a. *> 
u 
in 
C 4 
UJ > 
£ 2 
in m o -. 

ADJUSTED CALIBRATION CURVES OF KFM 20fa i « D KFM 2C I 
(BOTH HAVE 8-PLY LEAVES OF STANJARD Al UMINUM FoiLJ 
THE CALIBRATION READINGS HAVE ALL BEEN ADJUSTED 
GRAPHICALLY TO SIMULATE ALL INITIAL LEAF SEPARATIONS 
BEING EQUAL 

o = KFM 201 AT 2.5 R/hr , 6 0 sec EXPOSURES 
a - KFM 201 AT 2 .0 R/hr . 6 0 sec EXPOSURES 
x = KFM 20GAT 2.5 R/hr , 6 0 sec EXPOSURES 
a » KFM 20GAT 2 .0 R/hr , 6 0 sec EXPOSURES 
• = KFM 20 GAT 10-0 R/hr, 3 0 sec EXPOSURES 

- * - 0 -

4 0 8 0 120 
SAMMA DOSE (mR) 

«60 200 

Fig. 6.3. Normalized Calibration Points for Two KFMs, Derived Graph
ically from Fig. 6.2. 

Figure 6.3 shows that the accuracy of both KFM 20 I and KFM 20 G is 
better than ±':5%. Although most of the calibration tests of KFMs 
built by high school students and tt-.c families demonstrated comparable 
accuracy, possible variations in materials and workmanship have caused 
the authors to claim an accuracy of only about i25Z for the KFM. 
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Appendix B, "Additional Technical Information," gives more facts con- \£ 
cerning the accuracy of KFMs, together with Information useful to 
designers on the characteristics and materials of this instrument. 

7. CONCLUSIONS AIT- ^.COMMENDATIONS 

1. The KFM meets all the requirements for a >omemade fallout 
reeter. No other homemade; fallout meter which meets these requirements 
has yet been designed. 

2. Most Americans do not have and would be unable to obtain a 
fallout meter if on short notice the United States were threatened try or 
subjected to a nuclear attack. 

3. Having reliable fallout meters and being able to us? them would 
increase most Americans' chances of surviving a nuclear attack. There
fore, at least camera-ready copy of the field-tested Instructions for 
making and using a K*M ,_lven in this report should be pispared and kept 
ready for rapid distribution to local newspapers. If a crisis threat
ening nuclear war develops, newspapers could print the instructions and 
dJotribute them to many millions of Americans. 

4. Visual-oral deuxm*trations are the best means for expediting 
the mastery of new skill.*, especially in as generally mysterious and 
worrisome a field as fallout radiation. Therefore, at least one short 
TV film on the KFM should be produced and kept ready for release, to 
shorten the time require! for untrained citizens to follow written 
-' astructions for makir-, ?ad using this instrument. 

5. To enable persons interested in defense preparations and/or 
science to build, use, and possibly further improve the KFM, the instruc
tions, with supportive technical information, should be made available 
in the near future to local civil defenst directors, science teachers, 
and Boy Scouts. 
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APPENDIX A 

DESIGN PRINCIPLES AND PROCEDURES 
USED IN DEVELOPING THE KFM 

In designing the K7M, one of the essential objectives was to pro
duce an instrument that would hold the largest practical charge relative 
to the size of the ionization chamber, in order that a comparatively 
large gamma dose would be required co discharge the electroscope-capacitor. 
Results of initial experiments with large ionization chambers indicated 
the importance of reducing the size of an electroscope-capacitor designed 
for use as a fallout meter. The smaller the volume of air (in the 
ionization chamber of the electroscope-capacitor) per unit of surface 
area of the leaves, the larger is the dose of ionizing radiation required 
to discharge its leaves. 

The charge that can be placed on the leaves of a given type of 
electroscope (when the leaves are in a given position) is approximately 
proportional to the area of the leaves. If all linear dimensions of 
the electroscope are halved, then the area of the leaves is reduced to 
one-fourth, whereas the volume of the ionization chamber is reduced to 
one-eighth of the original. Thus in the smaller instrument there is 
twice the area of leaves (1/4 divided by 1/8 equals 2) per unit volume 
of air in the ionization chamber, and the ran of the smaller instru
ment is approximately doubled due to this effect alone. The capacitance 
Is also increased, but not in proportion to the Increase in relative 
area of the leaves, because of the reductions in the distances for spark 
discharges and other ;ypes of leakage from the leaves to the walls, at 
reduced potercials en the leaves. 

Obvious.lv, it is an oversimplification to consider each of the two 
aluminum leaves of a KFM to be one plate of a parallel-plate capacitor 
and to consider the nearer wall of the ionization chamber (the metal can 
of a Kin) to be the other plate, with the dry air between ;. leaf and the 
nearest part of the t.iii cf the can being the separating dielectric. 
However, this concept is helpful, because it can then be assumed that 
equations for a parallel-plate capacitor can be used to predict both the 

http://Obvious.lv
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charge that a KFM can hold and its range of measurements. One of these 
useful equations is: 

where 
Q « quantity of charge for unit rise in potential, 
V * potential difference between a leaf and the wall of the 

metal ionizavicn chamber (which is at ground potential), 
A = the area of each leaf, 
d » distance betwean a leaf and the nearest parts of the wall 

of the can, and 
k • a constant. 

With these assumptiors, to maximize "Q" it is necessary to make '"V" 
and "A" as large as practical, and to make "d" as small as practical. 

"V" can be made larger — provided a charging device capable of 
producing a higher potential is available — by increasing the weight of 
the leaves of a KFM and by making the angles .smaller between the leaf-
supporting threads and the horizontal. By these means, a larger potential 
(relative to the grounded metal ionization chamber) can be placed on the 
leaves before the forces of repulsion acting between the two like-
charged leaves, plus the forces of attraction between the opposite 
charges on each leaf and on the nearer wall of the can, cause each of 
the two leaves to move "as near as practical" to its adjacent wall. "As 
near as practical" means a distance slightly greater than the distance 
at which spark-discharging will begin to occur from a leaf to the metal 
wall of the ionization chamber. Neither of the leaves, when fully 
charged, should touch a stop-thread when the KFM is resting on a hori
zontal surface. (The insulating stop-threads are positioned so as to 
prevent the leaves from getting too near the walls when the KFM is being 
carried, jarred, or tilted.) 

Leaves made of 8 plies of standard household aluminum foil are the 
most practical weight of leaves tested to date for a homemade KFM. 
Leaves of 1, 2, 4, and 6 plies are separated too far by the high-voltage 
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charges produced by the expedient electrostatic charging devices, result
ing in loss of charge by spark discharges from the leaves to che w lis. 
Leaves of 16 plies are not separated sufficiently by the available 
potentials LO permit as accurate readings as can be made wltb 8-ply 
1 eaves. 

"A" can be made larger by simply making each leaf as large as 
practical, while maintaining sufficient distances between the leaves and 
the walls of the ionization chamber to prevent the charge on the leaves 
from being discharged by leakage through the dry air to the grounded 
wall of the ionization chamber. 

"d" can be made as small as practical by optimizing the dimensions 
of the leaves and their suspending threads for a given KFM, as indicated 
above. 

When designing a practical fallout meter that has very large leaves 
compared to the size of its ionization chamber, it is essential to 
provide means for preventing the leaves from accidentally touching or 
getting too close to the walls of the ionization chamber, and thus 
being discharged. The most practical of the several means tested to 
date is incorporated in the YLTtl. In this instrument each of its two 
leaves is suspended on inclined, nonparallel threads so as to prevent 
the leaves from getting toe clase to the walls of the can in the direc
tions of the planes of the leaves, when the KFM is moved or tilted. The 
two insulating stop-threads prevent the leaves from swinging (approxi
mately perpendicularly to their planes) close enough to the wall3 to 
be discharged. 

The height of the ionization chamber (the can) is determined by the 
provision of the minimum practical distance that will prevent discharge 
through the dry air between rhe bottom edges of the leaves and the tops 
of the lumps or particles of desiccant placed on the floor of the ioni
zation chamber. 

The practical minimum size of a homemade KFM appears to be about 
that of the KFM described in this report. The ionization chamber of 
this size KFM is a standard 8-oz can. Or a common lOij- to 12-oz soup 
can, a pop can, or a beer can of the same diameter, with its height cut 
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down to that of a standard 8-oz can, will serve. Making a KFM smaller 
than this model requires considerably greater manual dexterity and neces
sitates finding a can with a much less common diameter. Furthermore, 
if the distances between the leaves and the walls of the can are made 
smaller than those in this model KFM, then the voltage that can be held 
on the leaves is reduced. Smaller dimensions result in shorter "spark 
gaps" that permit discharges from the leaves to the walls, thereby 
reducing the potential that can be held on the leaves. The practical 
gamma-measuring ranges of KFMs tested to date that have smaller ioniza
tion chambers than the KFM described in this report are not significantly 
larger than the range of this KFM with 8-ply leaves of standard aluminum 
foil. 

A KFM, unlike most electroscopes, is read by noting on a horizontal 
scale the apparent separations of the lower edges of its leaves, while 
looking down from a point vertically above the leaves and at the speci
fied distance. To be a practical instrument for measuring fallout 
radiation, increments of radiation dose should result in directly pro
portional reductions in the apparent separations of the lower edges of 
the leaves, as noted on the scale of the instrument. In a KFM, the 
linearity between dose and the resultant reduction in the apparent 
separation of the leaves is sensitive to the center of gravity of the 
leaves and to their method of suspension. A number of experiments have 
tested other models of KFMs, ones with leaves having other centers of 
gravity and/or other designs of their leaf-suspending 'hreads. These 
other models have not given as accurate radiation measurements through
out the practical range of the separations of their leaves. 

The adjustable charging-wire of a KFM is the best means found to 
date for transferring a high-potential charge from an electrostatic 
charging device to the leaves of an electroscope used as a fallout 
meter, and subsequently for preventing the discharge of the leaves to 
the air outside the ionization chamber — especially if the outside air 
is humid. By promptly miking the spark gap much greater between the 
leaves and the lower end of the charging-wire, discharge from the leaves 
through the very dry air of the ionization chamber is made negligible. 
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Since the design of a KFM involves such a large number of inter
related variables, further practical experimentation should result in 
more advantageous dimensions than those embodied in this model KFM. 
This model was developed by making and testing only a fev dozen variants 
of electrostatic fallout meters of several designs. 
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APPENDIX B 

ADDITIONAL TECHNICAL INFORMATION 

B.l KFK Ionization Chambers 

B.l.l Relationship of the Size of the Ionization Chamber to a KFM's 
Range of Measurements 

The relative size of the ionization chambers of KFMs and of 
similar electroscope-capacitors is the most important factor affecting 
the sensitivity of such instruments. For example, an instrument that 
was identical to the KFM described in this report, except that it had 
4-ply leaves and had an equal-diameter ionization chamber (can) twice as 
tall, was found to require only 5.4 iR dose to cause a 1-ram difference 
in the readings taken before and after exposure. A KFM with identical 
4-ply leaves and a standard 8-oz can for its ionization chamber (thus 
having half the volume) was *s»̂ d to require a 10.0-mR dose to cause 
1 mm difference in readings. 

B.l.2 Linings of the Ionization Chamber (the Can) 

All types of metal cans having the specified dimensions — those of 
a standard 8-oz (227 g) can — that have been used to make the ioni
zation chanbers of calibrated KFMs have proved satisfactory. Neiuhe;.-
the kind of me'al nor its coating significantly affects the accuracy of 
the KFM. For example, calibration tests involved four KFMs, each 
having different types of 8-oz cans used by different food-canning 
companies and having "identical" 4-ply leaves of standard household 
aluminum foil: 

20 A - with a yellowish, varnish-like original inner coating, 
modified with an epoxied-in lining of 3-mil Mylar film, 

20 B - with a yellowish, varnish-like original inner coating (same 
as 20 A, but without any added lining), 

20 C - wf.th no inner coating (its tin-plate interior had a crystal
line appearance), and 

20 D - with an opaque white, plastic-like original inner coating. 
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The results of these calibration tests are graphed in Fig. B.l 
below. Note that if these curves were each made to begin with a pre
exposure reading of ?1 mm, these normalized curves for the three KFMs 
with unmodified ionization chambers (cans) would be essentially straight 
lines until the leaf separation is less than 5 nm. A S-mn separation 
would result from a gamma dose of about 160 mR. 

ORNL-DWG 75-41977 

41.67 166.7 83.33 125.0 
RADIATION DOSE (mR) 

Calibration of Averages of the 4 Trials for each KFM. 

208.3 

Fig. B.l. calibration Curves for Three KFMs (20 B, 20 C, and 
20 D) Made with 8-oz Cans Having Different Types of Original :-iner 
Coatings, and for a Fourth KFM (20 A) Having an 8-oz Can Modified 
with an Epoxied-In Lining of 3-Mil Mylar Film. 

B.2 Range and Accuracy of Measurements 

The fact that for KFMs with 4-ply leaves the range of accurate 
readings is limited to a maximum dose of about 160 mR — a dose that 
results in a difference in readings of about 16 mm — is illustrated 
more clearly by the following two graphs, Figs. B.2 and B.3. If one 
assumes that the minimur time interval for a practical exposure of a 
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ORNL-uwC 75-^380 

v J 

10 <5 
A LEAF SEPARATION (mm) 

Calibration of KFMs. 
Fig . B.2. Data from the Ca l ib ra t ion Curves for KFMs 20 B, 20 C, 

and 20 D (see Fig . B . l ) , Normalized and Graphed to Show the Changes in 
Leaf Separation Produced by Different Gamma Radiation Doses. 
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KFM to fallout radiation is 15 sec, then a maximum dose of 160 mR 
corresponds to the measurement of a maximum dose rate of about 38 R/hr 
with a KFM having 4-ply leaves. 

The path of the calibration points (if normalized so as to give the 
same initial readings) for the three KFMs (20 B, 20 C, and 20 D) made 
with 4-ply leaves and using unmcdified cans indicates that the accuracy 
of a KFM's midrange measurements is well within ±252. As shown in 
the main body of this report, the accuracy of a KFM with 8-ply leaves 
is fully as good. 

B.3 Aluminum-Foil Leaves 

Variations in the weights of equal-area KFM leaves, caused by the 
use of different brands of standard household aluminum foils to make 
leaves of the same size and having the same number of plies, do not 
significantly affect the ranges (sensitivities) of otherwise similar 
KFMs. 

Calibration tests of five KFMs having the same dimensions as the 
model detailed in this report, but having 1-ply, 2-ply, 4-ply, 8-ply, and 
16-ply leaves, showed that the gamma dose required to produce a 1-nan 
difference in the readings taken before and after exposure varies approx
imately as the square root of the weights of the leaves. (A mathematical 
analysis of the functioning of a simplified hypothetical KFM showed this 
same variation with the square root of the weights of otherwise identical 
leaves. This analysis, however, was not satisfactory in several respects 
and therefore is not included in this report.) The following table 
summarizes the averaged results of these calibration tests: 
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No. of Relative mR Dose mR Dose 
Plies in Wt of \ [Wt of AiWt oT to Produce to Produce 
Leaves Leaves ^Leaves \JLeaves 1 mm Diff. 1 mm Dif'f. 

2.82 in Readings in Readings 
Divided by 

12.8 mR 

1-ply 1 1 0.35 5.0 0.39 

2-ply 2 1.42 0.50 6.4 0.50 

4-ply 4 2 0.71 9.8 0.77 

8-ply 8 2.82 1.0 12.8 1.0 

16-ply 16 4 1.4 19.0 1.5 

In the third column of figures, the square root of each of the 
weights of the leaves is divided by the square root of the relative 
weight of 8-ply leaves. For comparison, in the last column on the 
right, each mR dose required to produce a 1-mm difference in readings is 
divided by 12.8 mR, the dose required to produce a 1-cm difference in 
readings in the KFM with 8-ply leaves. Note the similar values in the 
last column on the right and in the column listing the square roots of 
the weights of the leaves divided by the square root of the relative 
weight of the 8-ply leaves. 

The ^-ply leaves were not adopted because when fully charged they 
are separated so far apart that thev often "stick" to the grounded stop-
threads, producing unreliable readings. In contrast, the l(-ply leaves 
cannot be charged so as to produce an initial leaf separation greater 
than about 15 mm; this is not enaugh leaf separation to result in maxi
mum radiation measurements significantly larger than can be more reliably 
attained with 8-ply leaves. A KFM with 8-ply leaves can give initial 
readings of up to 20 mm and can be read more accurately because each 
scale division measures a smaller dose or dose rate. (Readings after 
exposure that are less than 5 mm are unreliable and are not used with 
any KFM.) 

file:///JLeaves
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KFHs with 8-ply leaves are more ragged than KFMs with 4-ply leaves 
and do not require care in charging to avoid "sticking" a leaf to a 
stop-thread as a result of overcharging. 

American brands of standard aluminum foil differ little in their 
weight per unit area: 

Brand Wt per 2 Sq Ft (Grams) 

Diamond 8.16 
Hoae Pride 7.81 
Hyde Park 8.31 
Reynolds Wrap 8.27 
Silv-o-line 8.33 
Universal 8.30 
Wonder foil (A&P) 8.01 

The average weight per 2 sq ft of these seven "standard" aluminum 
foils is 8.17 g; this is slightly less than the average weight of the 
most widely sold standard aluminum foils. The average weight of 2 sq ft 
of "heavy duty" aluminum foil is about 11.8 g. 

The use in the KFM of two charged, conducting leaves (with each 
leaf being insulated by its suspending threads and holding a separate 
charge that cannot migrate to any other part of the instrument) results 
in an electroscope-capacitor that does not have to be in a vertical 
position in order to give accurate measurements of radiation doses and 
dose rates. Inclinations of up to 3 degrees in the bottom of a KFM do 
not appreciably affect the accuracy of readings or measurements. When a 
KFM is tilted, the tilting causes one of its leaves to move closer to 
the nearer part of the grounded wall of its ionization chamber (can). 
As a result, this leaf is attracted more strongly to that part of the 
wall. This effect, however, is largely balanced by an opposite effect 
on the other leaf, which is less strongly attracted to its now more 
distant nearby wall, because of the tilting of the instrument. 

In contrast, other high-range electroscope-capacitors made by the 
authors, Instruments that had a single leaf connected by a conductor to 
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its support, had their readings and accuracy seriously affected by 
slight tiltings. When such an instrument is tilted in the direction 
that causes its single leaf to swing outward, the leaf is moved by 
gravitational forces nearer to the wall of its ionization chamber. Then 
the increased forces attracting the charge on the leaf (due to the leaf 
being nearer to the wall) cause additional charge to migrate to the 
single leaf from othar parts of the instrument. This migration compounds 
uncompensated inaccuracies. Tilting in the opposite direction likewise 
causes serious inaccuracies. 

B.4 Insulating Threads 

Kyion thread and nylon monofilament "invisible thread" are much 
better insulators when the air around them is humid than are ot* er 
common fine threads, especially cotton. Hovever, in the very dry air 
maintained inside a KFM by its drying agent, tests have shown that any 
common fine thread is satisfactory for suspending the leaves and making 
the stop-threads. The following tests, conducted to determine the 
leakage rates of KFMs made with different kinds of threads and exposed 
under normal conditions, are indicative: 

Leakage Rates of KFMs with 8-iriy Leaves, but with Different 
Kinds of Fine Threads Used to Suspend T.ieir Leaves and to 
Make Their Stop-Threads. Leakage Rates are Expressed as 

the Differences in Readings (mm) Taken 24 Hours Apart 

Desiccant Nylon Monofilament Silk Cotton Cotton-Coated 
Inside "Invisible Thiead" Polyester 
The KFM 

Anhydrite 0.5 2.0 2.0 2.0 

Silica Gel 0.5 1.0 4.5 3.5 

Although very fine nylon tmnofilamen: "invisible thread" is the 
best thread tested to iate for insulating the leaves of a KFM, it is not 
preferred. It is difficult to work with and hard to see when it is used 
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for the adjustment-threads of the charging-wire of a KFM. Fine twisted 
nylon thread (rot monofilament) is the first choice. If carefully made 
with fine twisted nylon thread or extra-fine unwaxed nylon dental floss, 
a KFM with 8-ply leaves will be discharged by leakage alone at a rate of 
1 to 2 mm per 24 hours. 

A 1-mm decrease in readings of a KFM with 8-ply leaves is oroduced 
by a gamma dose of about 12.8 mR delivered in an hour or less. The 
average background radiation is about 170 mR/year, equivalent to about 
0.5 mR in 24 hours. Therefore, this KFM is discharged by leakage alone, 
as compared to being discharged by average background radiation, in a 
raiio of About 13 to 0.5, or about 26 to 1. However, if the problem is 
to monitor nuclear war fallout in the territory of a nation that has 
suffered a lsige-scale nuclear attack, the leakage rate of a well-made 
KFM containing an efficient desircant is of no practical importance. 

B.5 Drying Afints 

B.5.1 Anhydrite 

Anhydrite (CaSO.) depends for its very effective desiccant action 
on both absorption and adsorption. In a closed .î ace containing dry air 
at 30 C, anhydrite maintains in the dry air i^didual water weighing only 
0.005 mg per liter of the dry air until it has been rehydrated with 
water weighing about 6% of its original weight. 

The size of the pieces of anhydrite used inside a KFM does not 
seriously affect the efficiency of its desiccant action. When exposed 
to room air, 1 g of powdered homemade anhydrite (made from wallboard 
gypsum) increased in weight 10 mg in 8.5 min; 1 g of homemade anhydrite 
in lumps (3/8 in. x 1/2 in. x 2/3 in.) increased in weight 10 mg in 7 min. 

* 
Table, "Efficiency of Drying '^ents," p. E-*l of CRC Handbook of 

Chemistry and Physics, 54th Edition (1973-1?74), published by CRC Press. 
Also see B. D. Power, High Vacuum Pumping Equipment, Reinhold Publishing 
Corp., New York, pp. 274-277 (1966). 
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Using a single layer of lumps of anhydrite of the recommended size 
in a KFM prevents anhydrite from being too close to the aluminum leaves 
and facilitates lemoving the lunps without disturbing or dusting the 
leaves. 

Drierite or other commercial anhydrite with a light blue color 
indicator has an obvious adv?~*tage. 

B.5.2 Silica Gel 

Silica pel, especially with a color indicator that shows its con
dition as a drying agent, is an effective drying agent for use in a 
KIM — as indicated by the testj summarized in the following table. At 
room temperature, silica gel maintains an equivalent equilibrium water 
v.npor of 0.005 to 0.010 mm of mercury. However, the dark color of 
.?ilica gel with a dark blue color indicator makes it difficult to read 
the KFM leaves suspended above this dark background. 

Leakage of Charge in 24 Hours under Normal Conditio.., from a KFM 
with 8-Ply Leaves Supported by Nylon Monofilament Threads, 

with Different Drying Agents Inside the KFM 

Drying Agent Leakage of Charge 
(= Difference in Readings, mr.) 

Anhydrite (CaSO^) 0.5 

Silica Gel 0.5 

Calcium Chloride (CaCl0) 1.5 

Table, "Efficiency of Drying Agents," p. E-41 of CRC Handbook of 
Chemistry and Physics, 54th Edition (1973-1974), published by CRC Press. 
Also see B. D. Power, High Vacuum Pumping Equipment. Reinhold Publishing 
Corp., New York, pp. 274-177 (1966). 
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B.5.3 Calcium Chloride 

Calcium chloride (CaCl0) is unsatisfactory for use in a KFM as an 
air desiccanc, as are other salts. Its desiccant action is not as effi
cient as that of anhydrite or silica gel, and it is corrosive to aluminum. 
Being deliquescent, it can foil a KFM if left inside too long under 
humid conditions. 

B.6 Three Expedient Charging Devices 

Each of the three best expedient charging devices tested produces 
charges having more than adequate voltages to fully charge a KFM. The 
8-ply leaves when fully charged hold a potential of 4000 to 4500 volts. 

B.6.1 Plastic Tape Quickly Unrolled 

The best types of tape used for this simplest way to charge a KFM 
produce charges at potentials estimated as high as 90,000 volts in 
<*e.ry dry room air. Other advantages of this method are its extreme 
rapidity and the fact that it is effective in humid air, unless the 
relative humidity is greater than about 90%. Disadvantages include the 
impracticality of unrolling a sticky tape in 2 "dry-bucket," in which a 
KFM can be charged by either of the two charging methods outlined In 
subsections 2 and 3, below, even if the relative humidity outside is 
100%. 

Most brands of plastic tape tested were found to be unsatisfactory 
charging devices. However, some brands and types of tape that are found 
in perhaps the majority of American homes serve well for charging a KFM. 
Scotch Magic Transparent Tape (or other cellulose acetate pressure-
sensitive adhesive tape) and Scotch Transparent Tape (very clear) are 
excellent, and PVC electricaJ tape (polyvinyl chloride tape) and "vinyl" 
tapes are good. In contrast, Scotch utility tapes will not charge at 
all, Scotch Electrical Plastic Tape charges poorly, and Scotch Package 
Sealing Tape will not charge well except in quite dry air. 

Based on the rule-of-thumb that 30,000 volts are required to jump 
a spark gap 1 cm wide. 
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Another disadvantage of even the best-charging tapes is the fact 
that in storage they deteriorate after a few years. 

B.6.2 Hard Plastic Rubbed on Dry Paper 

The most effective hard plastic (tested by rubbing it on dry paper) 
was Plexiglas. Next, in their order or decreasing effectiveness, are 
hard polyethylene, polyvinyl chloride, and Lexan. Neither the hard poly
styrene nor the hard fluorothene would produce a charge. 

Dry smooth writing paper and typing paper were the most effective 
charging papers tested. Dry tissue paper Kleenex, and toilet paper were 
almost as good but are not as durable However, this method of charging 
suddenly becomes ineffective if the relative humidity is 85Z or higher, 
even if the charging paper and the hard plastic are very dry immediately 
before use. 

Plexiglas rubbed on any dry paper develops a strong positive 
charge, but it develops a strong negative charge when rubbed on household 
Saran film. Plexiglas rubbed on Mylar film is also very effective, if 
the Mylar film has not been treated to prevent the generation of static 
electricity. Sarin and Mylar film absorb less water from humid air 
but are harder to handle in a dry-bucket than is folded paper. 

It is impossible to tell by looking at a hard plastic whether it 
will charge positive or negative when rubbed. Calibration tests in 
gamma fields confirmed theory: it makes no difference whether a K "M is 
charged positive or negative. 

The authors lacked the equipment necessary to measure the vol,ages 
produced by quickly unrolling tape and rubbing Plexiglaf or. dry paper. 
The very small charges are transferred to the charging-vire of the KFM 
by spark discharges across distances of up to 3 cm. These small sparks 
are audible but are visible only in the dark. Use of the rule-of-thumb 
to determine voltage (30,000 volts are required to jump a spark gap 1 cm 
wide) indicates that a maximum charging potential of about 90,000 volts 
is produced in room air that is dry. Most of such a high voltage is 
lost from a KFM's leaves by being discharged from the lover corners of 
the leaves to the grounded can. However, sufficient charge remains on 
the leaves to operate the KFM in the design mode. 



34 

B.6.3 Aluminua-Foii Charger Rubbed on Nylon Cloth, Mylar, or Saran 

B.4. Aluminum-Foil Charger. 

Figure B-4 shows an aluminum-
foil charger having an insulated 
aluminum-foil strip 2-1/2 in. wide 
by 4 in. long, suspended on four 
l/2-iD.-long insulating threads 
(nylon dental floss). The four 
threads are attached to a coat-
hanger-wire frame measuring 2-1/2 
in. by 5 in. where the threads are 

attached. To keep the aluminum 
foil from being stretched 
when it is rubbed, several 
thicknesses of the foil are 
first folded over two thick
nesses of stout paper measuring 
2-1/2 in. by 6 in. One inch 
of each end of this paper-
reinforced aluminum-foil strip 
is folded over a 2-5/8-in.-
long stiffening wire. Then 
the folded-over ends are taped 
securely, and the four insu
lating nylon threads are tied 
to the ends of the two stiff
ening wires. A "whisker" of 
aluminum foil is attached to 
one corner of the finished 
2-1/2-in. by 4-in. aluminum-
foil strip; this "whisker" 

enables the charging-wire of a KfM to be lightly touched and not pushed 
out of proper adjustment when * charge is being transferred to it (see 
Fig. B.5). 

Fig. B.5. Transferring Charge from 
the "Whisker" of an 
Aluminum-Foil Charger. 
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Although the aluminum-foil charger is a reliable means for charging 
a KFM, even inside a dry-bucket, this charging device is not included in 
the already lengthy instructions for making and using a KFM. Spot checks 
of some 20 families indicated that all these families had access in 
their homes or in neighbors' homes to hard plastic and paper suitable 
for charging of a KFM. However, since the aluminum-foil charger is more 
satisfactory for charging a KFM than are the classical frictional means 
for producing an electrostatic charge, it is described in this report as 
an additional illustration of the wide availability in Ameriran homes of 
materials needed to make and charge KFMs. 

The aluminum-foil charger charges best when rubbed on Mylar film, 
and effectively when rubbed on kitchen-type Saran film and on nylon 
cloth that has not received an antistatic treatment, such as most nylon 
pantyhose receive. Rubbing most polyethylene films was found to be an 
unsatisfactory charging method. 

A 6,000-volt charge was measured on the foil of the aluminum-foil 
charger, both after it was rubbed on Mylar and on Saran film. Because 
of the relatively low voltage of the charge produced by this method, it 
is best to adjust the charging wire of the KFM so that it gently presses 
the two leaves together, and to re uch the upper end of the charging wire 
with the "whisker" of the aluminum-foil charger, when transferring a 
charge (see Fig. B.5). 

A disadvantage of an aluminum-foil charger is that a little alumi
num rubs off the foil and contaminates the insulating material onto 
which the aluminum foil is rubbed. Therefore, after a few chargings, 
a different part of the material must be rubbed with the aluminum. 
Another disadvantage is thaf. the quantity of charge produced is so 
small that sometimes several transfers of charge to a KFM must be made 
in order to fui.y charge it. 

B.7 Charging a KFM in a Dangerously Hi^h Gamm? Field 

While both a KFM and the Scotch Magic Transparent Tape used to 
charge it were exposed in a 20-R/hr gamma field, tne tape was quickly 
unrolled. The KFM was charged as rapidly as under Viorraal conditions. 
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When a similar attempt was made to charge- a KFM with an aluminum-
foil charging device rubbed on Saran film while both were exposed in a 
20-R/hr gamma field, the KFM could not be fully charged. However, this 
much slower meaus for producing and transferring an electrostatic charge 
was successfully used to charge a KFM exposed in a 10-R/hr gamma field. 

Exposure of a KFM to a dose of 400 R did not affect its future 
accuracy. 

B.8 Other Means for Charging KFMs and Similar 
Electroscope-Capacitors 

1. The authors tried only one piezoelectric charging device, the 
Lab-Lyter manufactured by Labconco. This devi<_o produces an overly 
large charge, at a potential of about 13,000 .'olts, for use in charging 
a KFM. The large spark discharged from a modified Lab-Lyter apparently 
causes a breakdown in the insulating value of the air along the path of 
the spark, with a resultant "ring effect" that leaves only the last 
oscillation of the spark discharge on the leaves. This effect results 
in tn indeterminate increase or decrease in the charge remaining on the 
leaves of a KFM. 

2. In order to avoid the complications of having to charge a KFM 
inside a "dry-bucket" when the air is very humid, several designs of 
similar instruments were made with various built-in charging devices of 
"riction-electrostatic types. None proved practical. Each prototype 
o: the least unsatisfactory design had a built-in charging device 
operated via a stiff wire extending to a small handle outside the 
ionization chamber. Incorporating such an internal device required 
the can to be made disadvantageously large (a No. 2-1/2 can, or larger). 
All of these internal devices were quite difficult to build out of 
materials commonly found in homes, required above-average skill to 
operate, and did not remain functional long enough. 


