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FOREWORD 

The Bureau of Radiological Health develop$ and carries out a national program to 
control unnecessary human exposure to potentially hazardous ionizing and nonionizing 
radiations and to ensure the safe, efficacious use of such radiations. The Bureau publishes 
the results of its work in scientific journals and in its own technical reports. 

These reports provide a mechanism for disseminating results of Bureau and contractor 
projects. They are distributed to Federal, State, and local governments; industry; hos
pitals; the medical profession; educators; researchers; libraries; professional and trade 
organizations; the press; and others. The reports are sold by the Government Printing 
Office and/or the National Technical Information Service. 

The Bureau also makes its technical reports available to the World Health Organization. 
Under a memorandum of agreement between WHO and the Department of Health and 
Human Services, three WHO Collaborating Centers have been established within the Bureau 
of Radiological Health, FDA: 

WHO Collaborating Center for Standardization of Protection Against Nonionizing 
Radiations; 

WHO Collaborating Center for Training and General Tasks in Radiation Medicine; and 

WHO Collaborating Center for Nuclear Medicine. 

Please report errors or omissions to the Bureau. Your comments and requests for 
further information are also encouraged. 

;;; 

ohn C. Villf orth 
Director 
Bureau of Radiological Heal th 



PREFACE 

The Radiation Control for Health and Safety Act of 1968 (Public Law 90-602) provides 
that the Secretary of Health and Human Services shall study and evaluate the emission of 
and conditions of exposure to electronic product radiation. The day-to-day implementation 
of the law has been delegated to the Bureau of Radiological Health, Food and Drug 
Administration. The Act specifies that the term "electronic product radiation" means any 
ionizing or nonionzing electromagnetic or particulate radiation, or any sonic, infrasonic, or 
ultrasonic wave which is emitted from an electronic product as the result of the operation 
of an electronic circuit. If appropriate, the law also allows the Food and Drug 
Administration to establish radiation safety performance standards for such products. 

A major part of an electronic product radiation control program conducted by the 
Bureau is the testing of electronic products and the evaluation of the measured radiation. 
This data is then used to determine if steps are necessary to protect the public health. This 
report documents the results of radiation emission tests performed on video display ter
minals at FDA laboratory facilities. All units were tested for x radiation and some were 
tested for other forms of electromagnetic and acoustic radiation. 

Television receivers and video display terminals (VDT's) are both within the scope of the 
Act. A performance standard has been developed and implemented for television receivers, 
but none exists specifically for video display terminals. Many of the display terminals are 

' subject to the TV standard, however, since they may be used in TV applications. 

The report does not list any specific authors because of the extensive input from many 
individuals from our Divisions of Biological Effects, Electronic Products, and Compliance. 
Credit must also be given to the Winchester Engineering and Analytical Center, FD A, where 
much of the testing was done. 

(J)Ji/LM_ 
Walter E. Gundaker 
Acting Director 
Division of Compliance 
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ABSTRACT 

The Bureau of Radiological Health, Food and Drug Administration, has con
ducted a.n evaluation of video display terminals (VDT's) to determine emission of 
ionizing and nonionizing radiation. Measurements for ionizing radiation were 
performed on 125 VDT's; of these, 34 were also measured for nonionizing radia
tion emission. In this report, the sources of radiation are discussed, with 
emphasis on circuit analysis and critical components that may cause radiation. 
The radiation emission data are reported here. Emission values from video 
display terminals were found to be within existing state, federal and inter
national guidelines. 
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AN EVALUATION OF RADIATION EMISSION FROM VIDEO DISPLAY TERMINALS 

1. INTRODUCTION 

1.1 BACKGROUND 

The video display terminal (VDT)* is an electronic product that displays information on a 
cathode ray tube (CRT) screen. Basically, the VDT operates similarly to a television 
receiver. It resembles a TV receiver, but does not have the usual volume control and 
channel selector. The internal electronic circuits of the TV and the VDT are alike in many 
respects. It is in the application or use that the products differ, as well as in the way they 
normally obtain the_information they display. For example, the information displayed on 
the TV screen usually comes from a signal broadcast by a TV station and picked up by the 
TV receiver antenna; or, in the case of closed circuit TV systems, direct wired connections 
may be employed rather than a broadcast signal. The VDT, on the other hand, may get its 
input from many sources, one of which may be from an operator at a typewriter-like 
keyboard that is often a peripheral part of the VDT. 

The increasing use of the VDT for word processing, computer entry, and typesetting has 
fostered a growing concern about effects on the health of VDT operators. Various user , ... ,, ... 
groups and their representatives have questioned whether VDT's emit harmful levels of 
ionizing and/or nonionizing radiation. 

Investigations are .being conducted not only by private industry, but also by Federal 
agencies. In addition, other governments (Sweden, the Federal Republic of Germany, 
Canada, Belgium, and Austria) have initiated VDT studies, focusing on the aforementioned 
problems. 

As a result of these investigations, reports have been published (1,3,4) exploring many 
sources of possible adverse effects from the use o:f VDT's, including radiation emission. All 
of the reports reviewed indicate that VDT's emit little or no harmful ionizing or nonionizing 
radiation under normal operating conditions. The emission that is detectable is well below 
international and national standards. The reports do, however, suggest that adverse 
reactions of operators using VDT's do exist because of ergonomic factors. 

This report documents the results of radiation testing performed on VDT's at Food and 
Drug Administration (FDA) laboratory facilities and presents an evaluation of their public 
health significance. 

1.2 RESPONSIBILITY OF TifE BUREAU OF RADIOLOGICAL HEAL TH 

The Bureau of Radiological Health (BRH) has the responsibility for carrying out 
programs under the authority of the Radiation Control for Health and Safety Act of 1968 ' :.i~ 

(PL 90-602) to protect the public from unnecessary exposure to radiation from all types of 

*Video display terminals are also known as video display devices, video display units, and 
cathode ray tube display units. VDT has become the acronym most commonly used. 

1 



electronic products. BRH has developed a performance standard that limits the x-ray 
emission from television receivers to 0.5 milliroentgen per hour (0.5 mR/hr) at 5 cm from 
the surface of the set. TV manufacturers must certify that their products conform to the 
performance standard prior to introduction into commerce in the United States. No 
performance standard exists specifically for VOT's; they are, nevertheless, covered under 
the general provisions of the Act. 

In addition, the Bureau has developed guidelines for submission of reports for television 
receivers. The manufacturer is obligated, prior to certification of his product, to submit an 't._ 
analysis of the electronic circuitry for worst-case fault conditions which would maximize 
x radiation. If such conditions produce x radiation exceeding the limit of the Federal 
standard, the manufacturer may not certify his product or introduce it into the U.S. market. 
Also, every manufacturer is obligated to describe his x-radiation testing program; upon 
review the Bureau may disapprove the testing program if, in the Bureau's opinion, it does 
not assure compliance with the standard. 

The Bureau began testing television products for x-radiation emission (2) prior to the 
enactment of the Radiation Control for Health and Safety Act of 1968 (PL 90-602). The 
testing performed after implementation of the Act included VOT's and video monitors that 
could be used in electronic data processing. Many of these products are defined as 
television receivers because they accept a composite video signal and display a television 
picture. Under this definition, such VOT's are subject to the TV performance standard, and 
must be certified as complying with it. Other VOT's, designed to accept alphanumeric sig- . 
nals only, are not defined as television receivers and, hence, are not subject to regulation by 
the TV performance standard. This policy was formulated in 1970 and is in effect at the 
present time. 

1 • .3 THE VDT STUDY 

Since 1979 there has been an influx of inquiries from private citizens, union and worker 
representatives, and government agencies concerning the possibility of harmful radiation 
emanating from these products. As a result, the Bureau decided to measure and evaluate 
the levels of radiation that VOT's produce. 

In order to identify the VDT manufacturers and to determine the size and scope of the 
industry, a survey of 278 potential manufacturers was conducted. The survey identified 4-8 
VDT manufacturers, 15 of whom were already reporting their products to the Bureau, while 
the remaining 33 were not, because they were not subject to the TV performance standard. 
The other 230 potential VDT manufacturers were software firms, terminal assemblers, and 
so forth. The survey also indicated that among those manufacturers who do not report to 
the Bureau, x-radiation emission control programs are meager or nonexistent. 

Based in part on the results of that survey, a data base was compiled by laboratory
testing a cross section of representative VDT models of all known VDT- manufacturers. 
VOT's were obtained on loan from the manufacturers and were tested at FDA's Winchester 

· Engineering and Analytical Center (WEAC) laboratories for x-radiation emission, magnitude 
of the electric and magnetic fields at microwave and other radiofrequencies, uJ.trasonic 
emission, and optical radiation (ultraviolet and visible). Included in the data base in this 
report is data on certified VDT's tested by FDA for x-radiation emission since 1975. (Tests 
for ionizing radiation only were undertaken by BRH before 1979.) The inclusion of that past 
data, together with the data obtained on VDT models presently produced, provides a more 
comprehensive appraisal of the ionizing radiation emission characteristics of VOT's. It 
should be noted that as a result of advances in television technology, imp·rovements in x
radiation shielding characteristics of CRT glass, and the enforcement of the TV per
formance standard by the Bureau, only a few cases of excessive x-radiation emission from 
video monitors have been detected by the Bureau since 1975. (See Appendix B.) 
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2. RADIATION 

2.1 GENERAL PRINCIPLES 

Radiation is a general term used to describe the emission or propagation of energy from 
a source, in the form of particles or waves. Usually, the term radiation refers to 

electromagnetic radiation, although another form, acoustic radiation, also exists and is a 
part of this study. 

· Electromagnetic radiation is arranged according to frequency (or, inversely, wavelength) 
in a continuum called the electromagnetic (EM) spectrum (Figs. 1 and 2). The EM spectrum 
includes the radiofrequency (RF), microwave, infrared (IR), visible, ultraviolet (UV), gamma, 
and x-ray regions. The regions are not sharply delineated. It is convenient to divide these 
regions (as shown in Figure 1) according to the nature of the physical and biological effects 

produced, i.e., ionizing and nonionizing radiation. 

_ loniZlng _____________ ,Non-lonlzlng _______ ~.,. 

Radiation Radiation 

Gamma 
and 

X-flay 
Infrared 

Micro
Waves, 

Radlof requency 

1011 10- 10,. 1011 101' 101•· 101• 1CJM 1011 1011 101' 101• 10- 10- 10' 10- 10- 10- 10' 10' 101 

Frequency, Hertz 

Figure 1. Regions of the electromagnetic spectrum as a function 
of frequency in hertz. The divisions between regions are 
approximations, as an exact division cannot be defined. 

2.2 IONIZING RADIATION 

Radiation with sufficient energy to cause a neutral atom or molecule to acquire a 

positive or negative charge (become an ion) is called ionizing radiation. Ionizing radiation is 
found at the higher frequencies along the EM spectrum in the x ray or gamma ray region 
(Figs. 1 and 2). Energy and frequency are directly related; the higher the frequency, the 

greater the energy a$50Ciated with the radiation. 

Ionizing radiation was discovered in 1895; soon thereafter it was recognized as lethal for 
severely overexposed individuals. Until death was associated with radiation exposure, 
reddening of the skin (erythema) was viewed as a unique and reversible radiation effect. As 

time went by, it was learned that not only could immediate damage result from large, acute 
exposures, but that delayed effects, such as cancer and genetic changes, could follow 
smaller or protracted exposures • . 

The primary source of ionizing radiation in the VDT is the cathode ray tube (CRT). 
Fortunately, this radiation can be controlled by proper circuit design and by the use of 
certain shielding materials in or around the CRT. 

3 



L 
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IN HERTZ IN METERS 
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101 3X107 

102 60Hz 3x10' 3Mm - Commercial Power (60HZ) 

10' 1KHz 3x101 

Telephone 
10' 3x10' 

- Diathermy (13.56KHZ) 101 3X10' .3Km 

1~ 1MHz 3x10' AM Broadcast 
107 3X10' (535-1605 KHZ) 

· - Diathermy (27.12 MHz) 10' 3x10' 3m ~ - Diathermy (40.68 MHZ) 
10' 1GHz 3x10"' : FM Broadcast (88.108 MHZ) 
10" 3x1Q"I 3cm Television Broadcast 

Radar 
1011 3X1Q"I 3mm 
1012 1THZ 3X10"' 

~}~ 
- Infrared 1011 3x10'9 

10" 3x10'9 Optical 
1011 3x10"' - Visible Ught Radiation 
1011 3x10'9 
1017 3x10'9 3nm - Ultra Vlolet 
1011 3x10"'' 3A· 
1011 ~10"'' X-Rays 
102' 3x10"'1 3pm 

. ). Medical X-Rays 

Figure 2. The electromagnetic spectrum - another perspective. 

2.3 NONIONIZING RAOIA TION 

Nonionizing radiation is characterized by frequencies below the far ultraviolet region of 
the EM spectrum (Figs. 1 and 2), and includes ultraviolet (UV), visible light, infrared (IR), 
microwave and other radiofrequency (RF) radiation. Acute biological effects are expected 
when the radiation exposure is sufficient to cause a rise in the temperature of tissue. It is 
possible that more subtle immediate effects, which may not be thermal in nature, also 
occur. In addition, delayed effects are associated with exposure to ultraviolet radiation. 
Whether or not the temperature-associated effects depend entirely on radiation heating, and 
whether they constitute injury, is still not completely certain. Evidence exists that 
radiation frequency-dependent effects are possible, particularly in the microwave, visible, 
and ultraviolet portions of the spectrum. 

Another form of nonionizing radiation is found in the acoustic spectrum (Fig. 3). Energy 
in this spectrum is usually propagated in longitudinal waves in mechanical fashion, i.e., as a 
series of compressions and rarefactions of the medium through which it travels. Acoustic 
radiati~n from a VDT may be sonic (sound that can be discerned by humans) or ultrasonic 
(sound above the upper limit of human hearing, or 20 kHz). Unlike electromagnetic (EM) 
radiation, it cannot propagate through or across a vacuum. 
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3. X RADIATION 

Production of low energy x rays by TV products has been recognized as a potential public 
health hazard since commercial television was introduced into the U.S. market. High 
voltage electron tubes operating at potentials exceeding 10,000 volts will produce 
x radiation which may escape the glass envelope. In the past, some color television 
receivers (as well as some VDT's) employed three high voltage electron tubes (the cathode 
ray tube, the high voltage rectifier tube arid the high voltage shunt regulator) which were 
sources of x radiation. In 1967 the x-ray problem in television receivers received national 
attention when it was found that some high voltage shunt regulators were emitting high 
levels of x radiation. These tubes were redesigned to reduce radiation leakage. Today, as a 
result of advances in solid state television technology, the regulator tube and the rect~ier 
tube are seldom used in TV receivers. Only the cathode ray tube remains as a possible 
source of x-ray emission. 

3.1 THE CATHODE RAY TUBE (CRT) 

Prior to 1970 the glass envelopes (bulbs) used for television picture tube~ were designed 
to provide attenuation of x radiation for the normal operating condition of TV receivers and 
other electronic products using CR T's. Beginning in 1970 the CRT manufacturers, together 
with the CRT glass envelope manufacturers, increased the x-ray shielding properties of the 
glass to assure that x radiation from television products would not exceed the Federal 
performance standard for television receivers. It was then recognized that the electronic 
design engineer needed to know the conditions under which the CRT might emit x radiation 
at or above the limit of 0.5 milliroentgen per hour (mR/hr) set by the Federal standard. 

3.2 ISOEXPOSURE RATE LIMIT CURVE (IRLC) 

Isoexposure Rate Limit Curves (IRLC) were developed by the CRT manufactµrers (under 
the auspices of the Electronic Industries Association (EIA) Tube Division) for each CRT 
applicable to television products. In essence, the IRLC defines, for a given CRT family, 
those combinations of CRT high voltage and beam current representing the prescribed limit 
of 0.5 mR/hr for x radiation from the CRT. The IRLC serves as a reference tool to deter
mine from the data and operational curves in the TV manufacturers' submitted reports, 
whether the television product is capable of exceeding the x-ray limit. If the chassis power 
curve (hig~ voltage versus beam current (Fig. 4)) exceeds the IRLC, the Bureau requests the 
manufacturer to lower his power curve to provide a safety margin for the product. In fact, 
ii little or no x radiation is detected on a television model, but that model is theoretically 
capable of emitting x rays above the limits set by the standard, this would still concern the 
Bureau, and the manufacturer would be so notified. 

3.3 X-RADIA TION TESTING 

The testing of VDT's for x-radiation em1ss1on was performed under the same test 
conditions (Phase III) as specified by the Federal performance standard for television 
receivers. Specifically, the TV product was tested with line voltages adjusted up to 130 
VACs and the user and service controls adjusted as necessary in combination with the worst
case component or circuit fault in order to maximize the x-ray emission. Phase III 
compliance testing is done under conditions of degradation which still allow the display of 
viewable intelligence on the CRT screen. In the case of VO T's cited in this report, the 
screen was entirely filled with characters. The chassis power curve was determined under 
these conditions in order to further evaluate the degree of VDT safety. 
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Figure 4. Safety determination of chassis power curve with respect 
to Isoexposure Rate Limit Curve. 

The procedure for detecting ionizing radiation consisted of scanning all surfaces of the 

VDT with a Geiger-Mueller (GM) survey meter to determine x-radiation emission. The actu

al measurement of any detected x radiation was made using an ionization chamber instru

ment at a distance of 5 cm from the surface of the set. ·;The instrument used for that 

measurement, Victoreen model 440 RF/C, averages x radiation over an area of 10 square 

centimeters. (See Appendix E.) 

In each case, the high voltage portion of the VDT was also investigated and analyzed. 

The high voltage of a TV product is of primary concern because it determines the energy of 

the x radiation and, consequently, whether the radiation can escape from the glass envelope 

of the CRT. In this study, two basic types of high voltage power supplies (HVPS) were 
encountered. One uses a conventional flybaci< system, driven at the horizontal frequency, 

ranging from 15.75 kHz to 21 kHz. The other uses the rectified output of a step-up 

transformer operating at approximately 32 kHz. Some of the tested models contained high 

voltage hold-down or limiting circuits to prevent abnormal rise of high voltage applied to 

the CRT. In most cases the high voltage could be maximized in either HVPS system by dis

rupting the regulation (constant output voltage) either in the low voltage power supply or in 

the HVPS itself. In some cases maximum high voltage was obtained by disrupting the hold

down circuit. In every case a single failure was introduced into the set while the service 

controls were adjusted to assure that maximum high voltage was obtained for the failure 

condition. The . CRT beam current was optimized, as necessary, to yield maximum 

x radiation, by adjustment of the brightness, contrast, or beam limiter controls. The 

testing just described is also known as Phase m testing • 

3.4 X-RADIATION TEST RESULTS 

Thirty-four VD T's were tested for x-radiation emission under this study. None of the 34 

VDT's emitted radiation above 0.5 mR/hr. In addition, x-radiation emission data for 91 "'"· 

previously-tested (since 1975) VDT's .have been included and re-analyzed, in order that the 

ionizing radiation characteristics can be explored in depth for both monochrome and color 

VDT's. 
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Of those 91 previously tested VDT's, 8 units representing 3 basic models emitted x 
radiation above the limit. Some were recalled by the manufacturer for modification in 
order to comply with the standard; other manufacturers were not permitted to introduce 
those particular products into the U.S. market. One model emitted x radiation for only a 
few minutes before the VDT failed completely; its components were overstressed and the 
VDT became inoperational. The manufacturer of that model was also notified of the 
Bureau's evaluation and that model is no longer being manufactured. 

For illustration purposes, the data points in Appendix C depict the operation of some of 
the tested VDT's with respect to their capabilities for emitting x radiation under normal and 
Phase Ill operating conditions. Phase Ill operating conditions are those that are described 
under Section 3.3. Under Phase Ill testing both the high voltage and the beam current are 
optimized to yield maximum x radiation. For each model tested, this point of maximum x 
radiation is plotted in relation to the 0 • .5 mR/hr Jsoexposure Rate Limit Curve for the 
corresponding CRT. Some of the power points (the coincidence of voltage and current) 
exceed the IR.LC, in which case excessive x radiation might, theoretically,, be emitted from 
some units of the tested model. The IRLC is a theoretical curve, i.e., a curve that 
represents x-radiation characteristics of a CRT with minimum shielding. However, in prac-' 
tice, ail CRT's exhibit a somewhat higher degree of x-ray shielding than the theoretical 
value. Therefore, there will be cases in which the plotted power points will exceed the 
IRLC, but no excessive x radiation can actually be detected. The Bureau's position is that 
the chassis power curve should not exceed the IRLC and manufacturers are encouraged. to 
limit the excursion of the chassis power curve so that it is below the IRLC. 

The IRLC for a level of x-ray emission of 0.1 mR/hr is also shown for reference, in order 
to further compare the VDT product safety above and beyond the regulatory limit for x
radiation emission from television receivers. 

3 • .5 DISCUSSION 

Sufficient research information is available to estimate a range of risks of injury from 
ionizing radiation exposure. Delayed disease, such as heritable mutation or cancer, usually 
forms a basis for the estimation, expressed in terms of the instances of the effect per 
person per unit of radiation (rad, rem, or R). The risk estimates form a basis for radiation 
protection guidelines. 

For a VDT operator, the radiation protection guideline for individuals in the general 
population is appropriate. The guideline-.500 miilirem per year-is for man-made radiation 
exposures excluding medical use. For both normal and Phase m operating conditions, the 
likely emission from a VDT is 0.1 mR per hour or less. Tel"minals capable of exceeding the 
0 • .5 mR per hour regulatory limit receive special attention (see Section 3.2, above). With 
assumptions of 6 hours of viewing per day, 5 days per week for 50 weeks per year, the 
annual radiation dose to an individual 2 inches from the front surface of a screen emitting 
0.1 mR per hour would be 150 miilirem. Note that 2 inches is an unrealistically short view
ing distance; as one moves further away from the screen, the radiation exposure decreases 
correspondingly. 
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4. RADIOFREQUENCY (RF) RADIATION 

4.1 RF RADIATION: ELECTRIC AND MAGNETIC FIELDS 

In the nonionizing portion of the electromagnetic spectrum (Figs. 1 and 2), the .. 
radiofrequency (RF) range extends from approximately 10 kHz to about 100 GHz. The 
microwave region begins within the radiofrequency range at approximately 300 MHz and 
extends up to 300 GHz. There is no official status or agreement as to the frequency limit 
associated with each band. The VDT, with some of its circuitry operating in the range 
between 15.75 kHz and 32 kHz, is a source of RF radiation. 

An electromagnetic wave has two components, an electric field (E) measured in volts/ 
meter, and a magnetic field (H) measured in amperes/meter. Each component oscillates at 
the same frequency, propagates at the same velocity, and has the same wavelength. 
Figure 5 shows the relationship between these two components. Both fields are directed at 
right angles to each other and to the direction in which the wave is traveling or propagating, 
a relationship which they always maintain in free space. The electromagnetic wave repre
sents a flow of energy in the direction of propagation. The rate at which energy flows 
through a unit area in space (energy per unit time per unit of area) is called the power den
sity of the wave, usually expressed in watts per square meter, or milliwatts per square 
centimeter. Far from a source of RF energy, the power density may be calculated from 
measured values of the electric or the magnetic fields. In this "far-field" region power 
density is proportional to the square of either of these measurements. Very near a source of 
RF radiation ( within a few wavelengths) lies a region known as the "near-field," where such 
computations are not valid. Since our measurements on VOT's are well within the near
field, it is necessary for us to quantify and analyze electric and magnetic fields separately. 

Figure 5. Sectional representation of an electro
magnetic wave as it travels through space. 
E - electric field; H - magnetic field • 

4.2 RF RADIATION SOURCES IN TifE VDT 

l 

The primary electromagnetic radiation source in the VDT is in the horizontal deflection 
system and its associated high voltage circuit (Fig. 6). The function of the horizontal 
-4"'flection system is to move the electron beam across the face of the cathode ray tube. 



Outlnd 
Tl'lllllator 

---- --o--o--_i>-4_ 

Figure 6. Conventional horizontal deflection circuit diagram. 

The function of the high voltage circuit is to generate CRT.anode voltage of sufficient 
magnitude (approximately 7 kV to 25 kV for vo-rs under this study) to accelerate the 

electrons which strike and excite the phosphors on the inside face of the CRT. 

In order to achieve beam deflection and high voltage generation functions, the horizontal 
output must be pulsed on and off approximately 15,000 to 20,000 times a second, depending 

upon the model. This pulsating high voltage creates RF fields that are present around 
VO-rs. Since the pulsating signal is present in the high voltage (flyback) transformer, in the 
CRT, and in the wires connecting the two, these elements are the primary sources of the E
field component of the RF radiation; they may also be sources for the H-field component as 
well. The deflection coils in the yoke attached to the neck of the CRT also generate 
electric and magnetic fields. 

4.3 BRH LABORATORY RF RADIATION STUDIES 

Thirty-four VO-rs were tested at the WEAC laboratory-not only for x radiation but also 
for RF, ultrasound, and optical (visible light radiance and near UV) radiation. Three of 
those units, having been identified by WEAC as the highest RF emitters of the group, were 
subjected to further scrutiny at the Bureau of Radiological Health (BRH) laboratory in 
Rockville, Maryland. The findings of the BRH laboratory study are reported next. The 
WEAC testing is reported in Section 4.4. 

4.3.1 Measwement Protocol 

The procedure used at the BRH laboratory was calibrated spectrum analysis: a 
radiofrequency spectrum analyzer, when used with calibrated electric and magnetic field 

sensing antennas, converts the emission to a calibrated amplitude-frequency plot. 

This laboratory investigation used two E-field antennas and one H-field sensing antenna. 
A systematic survey over the entire surface of each VDT was performed at a separation 
distance of 5 cm. Once the highest emission areas were identified, detailed spectral 
analyses were carried out with the antennas at separation distances of 5 cm and 30 cm 
from the surface of the vo-rs. 
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After preliminary tests to determine the spectral content (i.e., frequency range) of the 
RF pulses being emitted from the VDT's, instruments were selected to quantify the 
radiation magnitudes and to determine the frequency distribution of the emissions: · 

1. For E-field amplitude, the portable, EFS-1 field strength meter, manufactured by 
Instruments for Industry, Inc., was used. It has a bandwidth of 10 kHz to 
200 MHz with field strength capability up to 1000 V/m. 

2. For spectral E-field content (frequency and amplitude), an active dipole antenna, 
the ADA-10/ A manufactured by Antenna Research Associates, was selected. It 
has a bandwidth of 1 kHz to 100 MHz with field strength capability up to 
1000 V/m. 

3. For spectral H-field content (frequency and amplitude), a single-turn E-field 
shielded loop antenna, with diameter of 5.2 cm was used. It has self resonance 
above 500 MHz. 

The outputs from the ADA-10/ A and the single turn loop antennas were monitored with 
a calibrated Hewlett-Packard (HP) spectrum analyzer. The pulse characteristics (necessary 
for accurate calibration) were derived by using a Tektronix 500 MHz oscilloscope. Absolute 
plane wave calibration of the EFS-1 and the single turn loop antenna was completed to 
within an uncertainty of ± 0.5 dB under pulsed conditions nearly identical to the VDT 
emission. The calibration was conducted in a TEM cell with 0.4- .meter septum separation 
(TEM or transverse electromagnetic cell is a special expanded waveguide section that 
provides a uniform EM field; it is used for calibration) and monitored with a true rms 
voltmeter. The receiving antenna (ADA-10/ A), which is physically too large for calibration 
by direct insertion into the TEM cell, was indirectly calibrated by comparison with the field 
strength measured simultaneously by the EFS-1, and was found to agree with the 
manufacturer-supplied calibration to within ± 3 dB. 

4..3.2 Results 

The data presented in Figures 7 through 10 and in Tables 1 and 2 are from the Teleram 
Model 2277 (Table 1) and Ontel Model OP-l/32k/50 (Table 2) units which were the highest 
intensity RF emitters of the three units that were supplied to the Bureau's laboratory for 
testing. The other unit, Ontel Model OP-1/R; produced slightly lower readings (1-2 dB). 
For each of the units, E-and H-field versus frequency plots up to 100 MHz are presented. 
The plots were derived from measurements taken at 5 cm from the face of the CR T's of the 
units. In addition to the spectral distributions, each of the four plots presents the calibrated 
RMS summation of the fundamental frequency through the 10th harmonic, at measurement 
distances of 5 cm and 30 cm. (These values, taken with the ADA-10/ A antenna, can be 
compared to the EFS-1 composite E-field measurements in Tables 1 and 2.) 

An area of significantly higher emission is called a· concentrated area. Data from the 
concentrated are~ of the Teleram and the Ontel (present only when the metallic-coated 
cover was removed) are also presented in Tables 1 and 2. 
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Table 1. Field strength magnitude - Teleram model 2277 Mark I S/N 5026 

Location 

CRT face center 
(radial) 

On top near high 
voltage trans
former and the . 
deflection 
coils of the 
CRT 

Distance 
cm 

5 

30 

5 

30 

*Near top of center of the CRT face 
**H-field tangential to CRT gun 

...... See paragraph 4. 3. 2 

E-field H-field 
ADA 10/ A EFS-1 

V/m V/m A/m 

21 28 0.65* 

1.33 2.16 0.04* 

40 > 1000*** 0.65** 

3.1 16 0.04 

Table 2. Field strength magnitude - Ontel model OP-l/32k/50 S/N 14689 

Location 

- -· 
CRT face center 

( radial) 

Above high votage 
transformer* 
( shield removed) 

Above high voltage 
transformer 
( shield in place) 

Distance 
cm 

5 

30 

5 

19 

5 

E-field H-field 
ADA 10/ A EFS-1 

V/m V/m A/m 

28 64 0.69 --· 

0.3 2.4 0.008 

88 > 1000** 0.06 

300 0.06 

0 0 0.06 

*This was done to determine the shielding effectiveness of the metallic-coated 
cover of this unit and to simulate concentrated area conditions. It also 
provided verification that the E-field sensors did not respond to magnetic 
fields in this location. 

**See para. 4.3.2 
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Figure 7. E-fieid spectrum. Teieram model 2ZJ7-Mark 1, S/N 5026. 
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Figure 8. H-field spectrum. Teleram model 2277-Mark 1, 5/N 5026. · 
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Figure 9. E-fieid spectrum. Ontel model OP-l/32k/50, S/N 14689. 
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Figure 10. H-field spectrum. Ontel model OP-l/32k/50, S/N 14689. 
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4.3.2. l Polarization of field vectors 

The principal radiation source from all three units was the CRT face ( with the 
exceptions discussed below). In all instances the primary electric field vector was radial in 
direction, i.e., it was always perpendicular to the surface of the VDT. The primary magnetic 
field vector was parallel to the E-field when measured from the CRT face; it was tangential 
to the top of the unit in the case of the concentrated area measurement cited below. 

4.3.2.2 Relative spectral output 

The relative field strength/frequency levels (i.e., the amplitude of all harmonic emission 
relative to the amplitude of the fundamental frequency) have been accurately determined 
(within ± 0.5 dB). In all cases, more than 95 percent of the total· amplitude of all 
RF emission (both electric and magnetic) can be accounted for by the fundamental 
frequency (18.716 kHz for the Ontels; and 20.263 kHz for the Teleram) and the next 
5 harmonics. _This covers a frequency range from the fundamental to approximately 
125 kHz and is true for the concentrated area also. 

4.3.2.3. Field strength magnitudes 

a. Any measurement with a metallic antenna alters the field strength that exists at 
a point with respect to the true field strength (free field) which exists in the 
absence of the antenna. This is a function of the proximity and coupling of the 
antenna to the radiating source; the rate at which this field falls off as the 
measurement distance increases; and the physical size and material makeup of 
the measurement antennas used. In this study the primary influences appear to be 
capacitive coupling and spatial averaging, which occur primarily when the E-field 
measurement antennas are used. The net results are (1) that the EFS-1 antenna 
can be expected to read higher than the true "free-field" because of capacitive 
coupling, and (2) because of spatial averaging, the ADA-l0A antenna, which is 
larger, will produce a lower reading than the true "free-field." Therefore, the 

. actual "free-field" strength at 5 cm probably lies. in between the two field 
strength values presented in Tables l and 2. 

b. As seen in the tables, when the radiation source was relatively large 
(approximately 350 cm 2 and 600 cm 2 for the Teleram and tbe. Ontel CRT 
faces, respectively) compared to the dimensions of the two measurement antennas, · 
the E-field values obtained were in reasonable agreement. For the concentrated 
area measurements, where the dimensions of the measuring instruments greatly 
exceed tl:le dimensions of the radiation areas (25 cm 2

), the data obtained from 
the two E-field instruments vary greatly. Further tightening of the range of 
values for the concentrated area measurements will require new technology and 
new instrumentation. · · 

c. The field strength amplitude measurements (excluding concentrated areas 
discussed below), which were taken at separation distances of 30 cm (12 inches) 
from the VD"rs, were the most accurate. This is because coupling between the 
measuring instruments and the VD"rs is •minimal at this distance. (Repeated 
placement of the measuring antennas at this measurement distance accounts for 
the range of measurements reported.) , 

d. The field strength amplitude measurements taken at distances of 5 cm (2 inches) 
from the CRT face agree within ± 7 dB, based on comparisons between the two 
different E-field measurement systems used.. The source of radiation in this 
region of the VDT (the CRT face) is relatively large compared to the instruments; 
and, although coupling and spatial averaging may occur, it does not appear to be 
excessive. 

•. 
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e. The quantification of the amplitude of the concentrated area (i.e., an emission 
area that appears to be no larger than 25 cm 2 on the top surface of the Teleram 

unit, near the high voltage transformer) has been determined only approximately 

(see paragraph a., above). This small source may present extremely high coupling 
to the relatively large ADA-l0A measurement antenna. Therefore, although 

numbers have been obtained at various distances from the source, their accuracy 

is less certain, particularly at measurement distances closer than 30 cm. To 
obtain a second concentrated area for comparative measurements, the metallic

coated cover of the Ontel VDT was removed. This exposed the high voltage 

transformer and provided the investigators with a second concentrated area. A 
typical setup for field strength measurements is shown in Fig. 11. 

Meter (EFS-1) 1:;oJ 

High Voltage 
Transformer 

Figure 11. Setup for RF concentrated area measurements~ 
Arrows represent RF fields. 

4 • .3.2.4 S~mmary of BRH test results 

The findings of this investigation can be summarized as follows: 

a. Ninety-five per<;ent of the RF energy emitted from the VDT's was between 
15 kHz and 125 kHz. 

b. The primary radiation source from all three units (in terms of the source 

operator's location) was the CRT face. The fields are radially directed, with field 
strengths of 21 V/m to 64 V/m, and 0.65 A/m to 0.69 A/m measured at 5 cm; 
and 0.3 V/m to 2.4 V/m and 0.008 A/m to 0.04 A/m measured at 30 cm. 

c. A higher intensity RF source was found on the Teleram. It was a small area (less 
than 25 cm 2) on the top of the terminal near the high voltage transformer. 

When the portable EFS-1 E-field instrument was brought 5 cm from this area 
(antenna radially directed), the indication exceeded 1000 V/m. The E-field 

spectrum analysis obtained with the ADA-10/ A antenna, which is larger, indicated 
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a field strength at this location of 1+0 V/m (see Section l+.3.2.3). At a 

measurement distance of 30 cm, the respective E-field strength measurements 

were 16 V/m an~ 3.1 V/m. 

4.lf. VDT TESTING AT TifE FDA WEAC FACILITY 

Routine testing of production samples of TV's· and VD T's is normally performed for BRH 

by the FDA Winchester Engineering and Analytical Center (WEAC) at Winchester, 

Massachusetts. For this study, 31+ VD T's in this study were tested for ionizing radiation and 

for nonionizing radiation, using procedures devised by the Bureau and WEAC (Appendix F). 

4.lf..1 Measurement Protocol 

At the WEAC laboratory the RF magnetic (H) field component measurements were made 

for only a few sets using a NARDA model 8616 RF meter and a 10 MHz to 300 MHz 

NARDA model 8633 RF probe. The H-field tests were discontinued when no meaningful 

readings were obtained. (Readings were too low and were confined primarily to the 15 to 20 

kHz fundamental frequency.) Testing for the RF E-field component was performed in two 

steps. First, the location of highest RF emission was determined by_ scanning all surfaces of 

the sample VDT, and adjusting the brightness and contrast controls for three different 

· settings (max, min, and mid-range). The RF E-field meter used for this test was IFI model 

EFS-1 made by Instruments for Industry, Inc. Scans were taken in various orientations, to 

obtain the highest readings. Second, the point of highest reading was located, and the 

spectral content of the RF emission af that location was recorded, using a Tektronix 7704A 

oscilloscope with a 7L13 spectrum analyzer plug-in module. The background spectrum was 

also checked. Line voltages were monitored for all of the above tests. 

lf..4.2 WEAC Test Results 

The VDT's under this study differed mainly in two respects: (1) the E-field level emitted 

from the CRT, and (2) the fundamental frequency of the horizontal sweep. The latter 

determines the spectral content of the emission. As noted earlier, the H-field varied only 

slightly in magnitude among the units tested at the Rockville (BRH) laboratory (Tables l and 

2). The metallic shielding that lines the VDT housing, while effective for E-fields, did little 

to change the H-field strength (Table 2 and the note). This fact, along with the calibrated H- - -· 

field spectral content ( which showed emission primarily at the fundamental frequency -

Figs. 8 and 10), resulted in the decision that for the testing of the remainder of the VDT's 

at WEAC, only E-field strength and spectral emission content should be measured. Since 

the units have operator adjustabl~ brightness and contrast controls, measurements under the 

maximum and minimum settings were taken. {Average brightness and contrast settings 

were used during the BRH laboratory tests.) .Results of the WEAC laboratory E-field 

amplitude measurements are tabulated in Attachment D. By using a spectrum analyzer 

along with a flat frequency response probe, the · frequency spectra relative to the 

fundamental frequency from each of the VD'rs was measured. these measurements 

confirmed the earlier findings by BRH that greater than 95 percent of RF emission is 

composed of the fundamental frequency and the next 5 harmonics. 

4 • .5 DISCUSSION 

Research information on bioeffects for the frequency range 15 kHz to 125 kHz is 

.. lacking, so empirical estimates of injury are not possible. However, the radiation in this 

· · frequency region interacts only slightly with the human body, so that significant biological 

effects are unlikely. At the present time, no standard or guideline has been adopted in the 

U.S. for frequencies below 10 MHz. 
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5. ULTRASOUND RADIATION 

Sound and ultrasound are not forms of electromagnetic energy; rather, they are 
mechanical in nature, -and they propagate through a variety of media (solids, liquids, and 
gases, including air) that have at least some degree of elasticity, as a series of compressions •, 
and rarefactions. However, unlike electromagnetic energy, they cannot propagate through a 
vacuum. 

The velocity of propagation of sonic energy is dependent upon the density of the medium 
and its physical state (solid, liquid, gas). Sound that can be sensed by the human ear lies in 
the audible range of the acoustic spectrum, i.e., frequencies up to 20 kHz, because the 
hearing capability of humans is commonly accepted as extending from approximately 20 Hz 
to 20,000 Hz (18 kHz is the practical upper limit for most people). Sound below the audible 
range is termed subsonic or infrasonic (preferred). Sound energy above 20 kHz is termed 
ultrasound. 

5.1 SOURCE OF ULTRASOUND RADIATION IN VDl'S 

The source of ultrasound within a VDT is the mechanical response of the flyback 
transformer core to the alternating voltage produced by the horizontal sweep oscillator. 
The frequency of this . alternating voltage ranges (for different VDT's) from 15 kHz to 
32 kHz. The resultant acoustic energy actually emitted by the VDT may be modified by 
other resonances or absorption within the cabinet or the body of the device. 

5.2 MEASUREMENT PROTOCOL 

The measuring devices used were manufactured by B&:K Instruments and included a 
2209 sound level meter, 4133 microphone (1/2-inch), 1616 one-third octave filter set, and a 
4220 calibration pistonphone. The frequency range of the sound level meter, in conjunction 
with the microphone and filter set, is from 20 Hz (one-third octave centered at 20 Hz) to 
40 kHz (one-third octave centered at 40 kHz). The pistonphone produc;:es a pure 250 Hz 
tone at 124 dB and was used to calibrate the system each day measurements were made. 
One position where measurements were made was that which gave the highest levels in a 
plane 20 inches in front of the screen surface (Table•3). This corresponds approximately to 
the position of someone operating the VDT. A second position was the location giving the 
highest reading at the surface of the VDT tabinet (Appendix D). At both these positions, 
sound pressure levels (SPL's) were taken at each of the one-third octave bands from 6.3 to 
40 kHz. Data are shown in Table 3 for acoustic radiation measurements at the operator's 
position. 
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5.3 TEST RESULTS 

The measurements are shown in Table 3. 

Table 3. Acoustic radiation measurements at operator's position 

Model tested 

TV-5 
900949 
951-01 
940-04 
MC37BB 
549272 
QDM-9M 
QDM-12K 
5211/Cl9 
CC-115A 
8277 
DM10-09AO 
7101 
5115-7111 
CD-12 
3278-2 
C3910 
FVM-95A 
OP-1/R 
OP-1 
V591-6022 
2277 Mark Il 
2277 
1400 
Dl2-NF-l 

5.4 DISCUSSION 

Maximum dB at 
20 inches from cabinet 

59 
58 
55 
61 
49 
56 
53 
45 
61 
51 
lf.3 
lf.8 
53 
50 
lf.l 
30 
56 
58 
lf.8 
51 
lf.3 
53 
68 
42 
lf.7 

Central frequency 1/ 3 
octave band (kHz) 

16.0 
31.5 
16.Q 
16.0 
16.0 
20.0 
16.0 
16.0 
16.0 
16.0 
25.0 
16.0 
16.0 
16.0 
16.0 
31.5 
16.0 
16.0 
lf.0.0 
20.0 
31.5 
4,0. 0 
lf.0.0 
40.0 
31.5 

When airborne ultrasound impinges on human skin less than 1 percent is absorbed, the 
remainder being reflected. The ear, however, is an efficient coupler of acoustic energy 
from air into the human body. Therefore, investigations of the biological effects of ultra
sound have tended to concentrate· on hearing-related impairments (.5). Effects of ultrasound 
levels much higher than those found in the VDT survey have included· temporary threshold 
shifts in hearing (6). So-called subjective effects have also been associated with high 1evels 
of ultrasound exposure, and include fatigue, headache, tinnitis, instability, a "fullness" in the 
ear, and nausea. One report (7) tentatively associates the subjective effects with audible 
high frequency components of sonic radiation. The studies were performed in the exposure 
range 70-120 dB in an industrial setting, and at 150 dB. No long term effects or delayed 
injuries are 1known. 

No formal standard for ultrasound exposure presently exists in the U.S. Among the 
several voluntary guidelines available, the recommendations of W.I. Acton of the United 
Kingdom were used to compare the VDT results, because they are the most conservative in 
this frequency range. The highest acoustic measurement obtained from a VDT in this study 
was 68 dB, well below Acton's guideline of 75 dB, and well below the energies ·associated 
with biological effects. 
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6. OPTICAL RADIATION 

6.1 PHOSPHORS: SOUR<;E OF OPTIC~ RADIATION 

A CRT phosphor is a coating of fluorescent materials that emits optical radiation 
(primarily visible radiation) when irradiated by a beam of electrons within a cathode ray 
tube. 

During electron beam excitation, fluorescent radiation is emitted from the phosphors 
and this is followed by phosphorescense with a continued emission after the exciting 

electron beam is termina~ed. Relative spectral emission (SE) curves for 51 phosphors 
(designated Pl through. P51) are registered with the Joint Electron Device Engineering 
Council (JEOEC) (8). On the basis of the SE curves, it appears that the 51 JEOEC 

registered phosphors emit most of their optical radiation in the visible portion of the 
spectrum; however, about half of them emit some radiation in the near ultraviolet region. 

Some of the emission colors listed include reddish-orange, white, .orange, yellowish-green, 
yellowish-orange, green, blue, bluish-purple, and so forth. It is clear, however, that the 

· colors emitted extend from the blue through the red portion of the visible spectrum (see 
Fig. 12). 

6~ MEASUREMENTPROTOCOL 

Optical radiation measurement screening procedures were developed which allow for a 
presumptive comparison of the optical radiation emission from VDT's with optical radiation 

limits or exposure standards. Further, .the screening measurements were designed to iden- · 
tify the VDT's which emit the most intense optical radiation, if more detailed and 

comprehensive testing is deemed necessary. •·• 

The instrumentation used for the screening measurements included a United Detector 
Technology (UDT) Model 40A radiometer with either a radiometric or Hoya U-360 glass 

filter, an oscilloscope, and a specially fabricated fixture to hold the UDT det.ector iA-fixed 
position and to define the field of view of the measurement system. The test fixture con
sisted of 80 mm and 7 mm apertures on a support rod at either end of a 20 cm long metal 

hood painted black. The UDT detector was also attached to the support rod and directly 
behind the 7 mm aperture (Fig:. 13). 
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Figure 12. Estimated spectral energy distribution characteristics of all phosphors. 

Modified from JEDEC Publication No. 16-C, November 1975. 
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Figure 13. Schematic diagram of experimental arrangement for the measurement 
of radiant power. 

The two optical radiation q:.iantities to be estimated were the radiance of the screen in 
the visible and infrared and the irradiance in the near ultraviolet (UV) wavelength range 
from 320 nm through 400 nm at the user distance. 

For measurements of radiant power, the UDT-40A radiometer with the hooded detector
fixture assembly was used, with the 80 mm aperture of the detector-fixture assembly in 
contact with the brightest area of the screen (Fig. 13). The radiometric filter, which 
provides the UDT-40A radiometer with a uniform response (within ± 7 percent) over the 
wavelength range from about 450 nm through 950 nm, was used to measure power for 
determining the radiance of the screen. The Hoya U-360 filter·, which has a peak 
transmission of about 74 percent at 360 nm and a bandwidth (full width at half maximum) of 
about 50 nm, was used to measure radiant power for determin_ing the irradiance in the near 
u~ . 

With these measurement systems, the radiance of the VDT ·screen and the irradiance in 
the near UV at the measurement distance can be estimated. The geometry defined by the 
apertures in the hooded detector-fixture assembly, and the power measured, along with an 
estimated bright dot screen filling factor (.r20 percent), were used to estimate the radi
ance of the VDT screen. The near UV irradiance was estimated by dividing the measured 
power by the area of the 7 mm aperture, and by using correction factors to account for the 
transmission of the filter, the relative spectral response of the detector, measurement 
distance, and for the area of the VDT screen blocked by the hooded detector fixture 
assembly. 

For all of the measurements of radiant power the screen was completely filled with the 
letter "M" (to fill the screen with as many bright dots as practicable),. and the brightness 
control of the VDT was set at maximum brightness. 
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The temporal (frequency) characteristics of the optical radiation emitted were also 

determined. For this data, the bare detector assembly of the UDT-40A was placed in direct 

contact over selected characters on the screen in a darkened room, and the analog output of 

the UDT-40A radiometer was displayed on a Tektronix oscilloscope. 

6.3 TEST RESULTS 

In general, the optical radiation intensities measured were very low. The maximum 

uncorrected levels measured were 1 X 10- 5 W and 3.6 X 10-8 W with the radiometric and 

Hoya U-360 filters, respectively. With this data, the maximum estimated radiance of the 

VDT's tested in the visible and near infrared wavelength range is estimated to be less than 1 

mW/ cm 2 sr, while the maximum near UV irradiance at a user distance of J' 40 to 50 cm 

from the screen is estimated to be about 5 x 1 o- 6 W / cm 2 • 

With regard to the temporal characteristics of the optical radiation emitted, the hori

zontal frame rates measured ranged from a low value of 2 kHz to a high value of 35 kHz 

with a typical rate near 15 kHz to 20 kHz. The vertical rates measured ranged from a low 

value of 56.2 Hz to a high value of 77 Hz with a typical rate of 60 Hz. Based on the vertical 

rates measured, flicker should not be observable (9). 

6.4 DISCUSSION 

The VDT's emitted radiation in the visible range, and some also emitted near ultraviolet 

or near infrared radiation. For each type of radiation, skin and eye burns have been 

associated with severe overexposure. In addition, delayed injury-cataracts-can result 

from overexposure of the lens to pear ultraviolet or near infrared radiation. Delayed injury 
to the skin-premature aging and skin cancer-may result from exposure to near ultraviolet 

or visible light. However, while VD T's do emit these types of radiation, no effects on eyes 

or skin have been observed at optical radiation levels comparable to those measured from 

VDT's. Emissions from VDT's were considerably lower than the standards and guidelines 

presently. in effect for near ultraviolet and visible light. 
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7. CONCLUSIONS AND RECOMMENDATIONS 

Table 4 shows the comparison of the measurements of radiation emission from VDT's 
with applicable standards and guidelines for the various types of radiation. In general, 
emission levels from the terminals tested, both under normal operating and worst-case 
conditions, fell within the standards and guidelines currently in effect for each type of 
radiation. A few of the tested units emitted x radiation in excess of that allowed under the 

television receiver standard, and these models have been corrected or withdrawn from the 
market. Thus, video display terminals should not pose a radiation risk to those who operate 
them. 

The fact remains that the increased use of VDT's has resulted in many reports of adverse 
reactions in users. If radiation emission is not responsible, as we believe, then what is? 
A definitive answer to that question is beyond our area of expertise and responsibility, 
but we would like to direct the reader to some possibilities. 

The word processing field has expanded much faster than has the understanding of its 
impact on people who use VD T's. The impact may be felt in areas such as employee morale, 
compensation, work hours, and work conditions. We suggest that work conditions be given 
serious consideration as the primary cause of VDT-user complaints. The problem is not 
simple, however. An extensive review of stress factors in the word processing work area 
{10) identified five separate factors that contribute to fatigue: vision, posture, environment, 
task organization, and higher order items such as disease susceptibility. As early as 1976, it 
was recggnized that glare (room lighting reflecting from the VDT face plate), work position, 
ambient noise, and work duration (absence of breaks) could be the most important factors 
influencing the VDT worker's health (11). The parallel between the 1976 and 1979 studies is 
sufficiently strong for us to suggest that efforts expended to reduce stress caused by these 
factors would also reduce the adverse impact on health. 
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Table 4. Comparison of maximum VDT radiation levels with currently accepted standards 

. (Measured at the screen face and/or operator's locations) 

Maximum VDT Exposure or 
Measured Radiation emission standard 

Radiation region level level Reference 

X ray 2.0 mR/hr 2.5 mR/hr OSHA 
(see note 1) (occupational) 

0.5 mR/hr 21 CFR 1020 .10 
( emission limit) 

RF-electric 
field strength 64 V/m None see note 2 

(See note 3) 
RF-magnetic 

field strength 0.69 A/m None see note 2 

Ultrasound 68 dB at 40 kHz 75 dB see note 4 

Near Ultraviolet 
Irradiance 5 x 10- 6 W /cm1 1 x 10- 3 W /cm 1 ACGIH see Note 5 

(see note 6) 

Radiance ( visible < 1 x 10-3 W/cm1 sr 2 x 10- 3 W/cm 2 sr 21 CFR 1040 .10 

and infrared) (see note 6) • 

1Three different manufacturers were involved in manufacturing products that were 

noncompliant with the Standard. In each case the manufacturer either recalled the 

noncompliant product and modified it so it complied with the standard (Conrac Corpora

tion), or was not permitted to introduce the product into the US market (Ikegami). 

The other manufacturer's (Ball Brothers) product emitted x radiation for only a few 

minutes before the VDT failed completely; its components were overstressed and the 

VDT became inoperational. The product is no longer in production. 
2Because of the human body's minimal absorption of electromagnetic energy in the range 

from 15 kHz to 12.5 kHz, there are no known standards for public exposure. 
3One measurement indicated a field stren9th magnitude of > 1000 V / m on top of the 

VDT enclosure near the high voltage transformer. See Section 4.3.2 • 

.. In England, a widely accepted voluntary standard, developed by W .I. Acton, allows 

sound pressure levels to 7 5 dB within third octave bands centered on frequencies 

up to 20 kHz (over a working day). . 
5Threshold Limit Values for Chemical Substances and Physical Agents in the Workroom 

Environment with Intended Changes for 1980; American Conference of Governmental 

Industrial Hygienists, Cincinnati, Ohio 1980. 
6 Estimated values based on measurements. 
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.APPENDIX A 

MANUFACTIJRER.S PARTICIPATING IN THE VDT EVALUATION 
AND IDENTIFYING CODES 

Advanced Systems 
Route 73 
Berlin, New Jersey 08009 

Astronautics Corp. of America 
907 South First Street 
Milwaukee, Wisconsin 53204 

Audiotronics Video Display Div. 
8299 Central Avenue N.E. 
Spring Lake Park, Minnesota 55432 

Electronic Display Division 
Ball Brothers Research Corp. 
Post Office Box 43376 
St. Paul, MiMesota 55164 

Fernseh Division 
Robert Bosch Strasse 7 
6100 Darnstadt Postfach 429 
West Germany 

Bunker Ramo Corporation 
Trumbull Industrial Park 
Trumbull, Connecticut 06609 

Chuo Musen Company, Ltd. 
1-9-12 Ohmori-Nishi, Ohta-Ku 
Tokyo, Japan 

Cinematronics, Inc. 
1044 Pioneer Way, Suite B 
El Cajon, California 92020 

Computer Optics 
Berkshire Industrial Park 
Bethel, Connecticut 06801 

Conrac Corporation 
600 North Rimsdale Avenue 
Covina, California 91722 

Control Data Corporation 
Miniperipheral/Terminals Division 
2401 N. Fairview Avenue 
St. Paul, Minnesota 55113 

CODE -
ADSY 

ASTR 

AUVI 

BABR 

BOSC 

BUNK 

CHUO 

CINE 

COMO 

coco 

CODA 



Electrohome Limited 
809 Wellington Street North 
Kitchener , Ont. , Canada N2G 4-J 6 

Elston Electronics 
P.O. Box 25 
Phelps, New York 14-532 

Four-Phase Systems, Inc. 
19333 Vallco Parkway 
Cupertino , California 95014-

Hitachi, Limited 
Yokohama Works 
292 Yoshida-Cho, Totsuka-Ku 
Yokohama, Japan 

IBM Corporation 
Old Orchard Road 
Armonk, New York 10504-

Ikegami Electronics (USA) , Inc. 
37 Brook A venue 
Maywood, New Jersey 07607 

Lexitron Corporation 
9600 Desoto Avenue 
Chatsworth, California 91311 

Mohawk Data Sciences Corp. · 
1599 Littleton Road 
Parsippany, New Jersey 07054-

Motorola Data Products 
Display Products 
115 5 Harvester Road 
West Chicago, Illinois 60185 

NEC America, Inc. 
130 Martin Lane 
Elk Grove Village, Illinois 60007. 

Ontel Corporation 
250 Crossway Park Drive 
Woodbury, New York 11797 

Redactron 
100 Parkway Drive 
Hauppauge, New York 11787 

SC Electronics 
530 5th Avenue 
St. Paul, Minnesota 55101 

Teleram Communications Corp. 
100 Ford Road 
Denville, New Jersey 07834 

ELEC 

ELST 

FOUR 

HITA 

IBMC 

IKEG 

LEXI 

MOHD 

MOTO 

NENI 

ONTE 

REDA 

SCEL 

TECP 
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Telex Terminal Communications TETE 
3301 Terminal Drive 
Raleigh, North Carolina 27611 

Toei Musen Co., Ltd. TOEI 
12, Wakamatsu-Cho 
Shinjuku-Ku 
Tokyo 162 

.. Japan 

Vydec, Inc. VYDE 
130 Algonquin Parkway 

. . Whippany, New Jersey 07981 . 

Wang Laboratories, Inc. WANG 
836 North Street 
Tewksbury, Massachusetts 01876 

Wells-Gardner Electronics Corp. WGEC 
2701 North Kildare Ave. 
Chicago, Illinois 60639 

Zenith Radio Corporation ZERC 
6001 Dickens Avenue 
Chicago, Illinois 60639 

·• 
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APPENDIX B. IONIZING RADIATION DAT A 

YDD TEST REPCRT - IONIZING RADIATION 08 ».. 80 

1 2 3 tOI HV(KV> 4 OPT s OPT BEAN 6 RAD 7 
MFR SRN NODE!. TST DT @~BEAN HY!KV) 110 EX-6Al CRT NO PR~ 

ADSY 138EV TV-5 800324 7.8 12.1 300 5ST6111A 0.0 
ASTR 138D 160600-4 781115 14.6 16.9 200 CE6241'19P4 o.o 
ASTR 145D 160400 781129 19.7 20.5 400 15SC5819B o.o 
ASTR 275E 160600-5 791129 13.7 14.1 80 CE624"9P4 o.o .. 
ASTR 232C 160200-4 770831 18.9 21.1 200 15SC5819B o.o 
AINI 060E 940-04(1) 790406 14.3 19.1 50 12ST'5427P39A 0.(1 
AWI 059E C921-01 790731 12.1 16.9 300 12ST'5427P31C o.o 
AINI 185£ 900938-ol 790731 8.1 14.7 160 10ST5497E o.o 
PWI 16SE .900949 800215 · 15.6 19.2 200 1SST6140ft o.o 
AIJVI 61F 951-01 800331 14.7 16.75 100 12ST'5427P31A o.o 
AWI 068F 940-04(2) 800521 13.9 17.1 100 12ST5427P39A o.o 
BABR 198D TDl::C 780925 14.2 18.0 550 CE434ft15P4 o.o - 0390 IIU5 781107 18.8 22.6 240 CE294M15P39 o.o 
BABR 05211 m-150 780403 14.7 17.6 350 15ST4730R o.o 
BA8R 0490 TV120 780420 11.0 16.5 100 Cc:394"12P4S o.o 
BABR 055D TU-8Cll > 780413 12.8 18.2 50 CE64N8P4 o.o 
BABR 143D TU-8Cl2) 780621 13.5 22.0 200 CE64lt8P39 0.72 
BAIIR 166D TIHU211l 780824 16.3 23.4 100 -12ST5427G o.o 
BABR 229D TG-tf12(2} 781130 14.3 16.5 400 12ST5427G o.o 
BABR 157A ll.:5C 750930 19.5 22.9 500 CE294HISP4TE o.o 

.BABR 156A T1C17C 751009 19.3 23.4 200 CE78tl174P 0.4 
BABR 096C TY-12(1) 770405 9.05 12.65 200 CE39~12P4S15 o.o 
BABR 151B TD-131 770318 14.65 17.7 • 300 CE226Nl2P4 o.o 
BABR 158A mis 750930 15.0 17.6 300 CE434-ftlSP4 o.o 
BABR 09?C TY-12(2) 77(f!J)4 10.s 15.2.S 100 Cc:394"12P4S15 o.o . 
BABR 1538 TCR-19 77032S 23.6 29.6 370 PIY1Mn o.o 
BA8R 1420 TU-8C(3) 780630 15.6 22.1 210 CE64NBP39 0.96 
BABR 144D . TU-8C(4) 78(J807 11.4 23.7 160 CEMl'ISP4 O.oo 
eosc 009F l'C378B 800220 20.1 22.3 300 370BDB22 o.o 
BlN( 127EV 549272 790911 11.8 18.5 340 CE263t9P31 o.o 
OllO 138C IIY-98 770':IJb 8.2 12.4 89 CT-531 o.o 
aw 051F ~ 800606 11.8 15.7 50 E772884 o.o 
OU) r/!IF Qffl-12K 800606 11.8 15.9 60 E271084-3'ff) o.o 
CINE 1~ VBS-3 800116 19.0 25.3 3.0 221/AlP4 o.o 
coco 045D 2000-23/C 780620 16.7 . 23.9 400 23STS488D o.o 
coco 089C DZB 15/N 770628 16.4 19.6 380 52025l-f'4 o.o 
coco 090C ENA 9/C 77fJ930 9.3 18.3 100 230ltB4 o.o 
coco 235D 5722C13 781130 23.2 25.0 700 370DYB22 o.o 
coco 189D 5222/N19 790222 24.9 'll,4 1000 19YHIIP22 o.o 
coco· 179D 6122/Nl9 790309 24.8 30.8 300 510NYB22 o.o' 
coco 194£ SNA23/C 790917 18.0 22.2 400 23ST5488D o.o 
coco 098A 5S12/C12 750813 19.8 29.5 720 3300822 1.6 
coco 069A RHB19 750613 23.0 28.0 600 1897P22 o.o 
coco 98A-SP 5522/C12(1) 750812 19.o 32.9 200 3300822 .65 
coco 099A RQ814/C 750616 17.8 20.2 620 14271P4 o.o 
coco 1558 SNA..'13/C 760712 · 18.0 27.4 100 23ST5488D o.o 
coco 2538 ANB12 761102 13.60 20.45 10 12ST5448A o.o 
coco 231B-I QQA14/N 770131 19.5 20.5 570 13271H o.o 
coco 0088 5522/C12(2> 750812 19.2 30.5 400 330D822 1.15 
coco 019F 5211/C19 800604 24.8 29.3 95() 510NWBZ? o.o 
CODA 136EV CC-1l5A 790920 18.4 20.6 220 CE294Af'l15P4 0,0 
rot) l41EV m7 - 791011 15.6 18.4 40 ~434ft15P31 0,(1 
a.EC 099D Vt5702 780404 10. 1 16. 7 70 12STS448ff o.o 
BE 201D E'nt-1710 780731 12.9 17.0 200 440BFB4 o.o 
BE 161A IC20-401 750814 24.5 Tl,S 800 15VAFTC02 o.o 
a.EC 154A VOS-301 750808 18.2 18.6 760 22VA1P4 o.o 
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VDD TEST REPORT - IONIZIN, RADIATI~ OS J.l. 80 

1 2 3 t«Jl1 HV(KVl I+ OPT 6 OPT BEAl1 6 RAD 7 

l'FR SRN l'IOLS.. TSTDT @ CfT BEAii HVIKVl !10 EX-6Al CRT Ml HR/~ 

EL.EC 075A C21~ 750313 26.5 29.0 1440 25VDYP22 o.o 
a.EC 106A D01-402 750905 23.3 30,5 1000 19VBl'22 o.o 
EL.EC 093B K30-501 760303 Z7.0 26.7 1600 25VIIHP22-32KV o.o 

•w El.EC 022C 1:31501 761203 27.2 27.1 1620 25VCXP22 o.o 
El.ST 146£1/ DNlo-o9AO 790628 11.3 17,7 100 9VAIP4 0.0 

asr 145EV IJ120-12AO 790'9'11) 19.b 25.2 300 12ST5449P39 0,42 

RU 134EV 7101 790719 10.3 16.5 300 CE394"12P39 o.o 
~ 027FV 7111 800122 11.3 20.0 230 CE3ffl1SP39 o.o 
FOR 86FIJ 511sn111 800410 13.3 21.9 180 CE32311SP3/TE1SNV o.o 
HITA 26FV cn-12 800320 13.9 16.3 25 310FZB4 o.o 
HITA 100A Vlt-172U 750623 14.5 20.8 200 440A84 o.o 
HITA lW6D · Vlt-l72AC 780619 15.7 20.7 2o0 44CNB4 o.o 
HITA 183B vtf12HV 760521 12.1 18.2 120 310FRB4 o.o 
HITA 1848 VIH05U 7o077J. 11.25 15.5 85 230AYB4 o.o 
HITA 101E Ylt-173.1 · 791113 14.5 24.0 100 440CRB4 o.o 
IK 120FV 3278-2 800409 17.9 18.3 40 1SSCS819POZF o.o 
IKE'D 034D T"25-8 780630 25.7 29.6 900 H-25VCXP22 o.o 
IICEG 081E IM-SUH 790928 23,9 28.2 500 510VCB22 o.o 
IICEG 212C lfJ900l£VD 770805 10.4 20.0 100 230BYB4 o.o 
Il<EG 2S2C TPl20-6 771107 24.4 'l1.7 1000 510FLB22 o.o 
IICEG 080E Illl21V39 79(1!j)9 10.8 17,0 150 C12N09P39 o.o 
IkEG 274E Ptl-950 800201 10.8 14.3 70 23081B4 o.o 
IICEG 0168 0002-2 751217 14.4 19.4 250 h920(Hl4 o.o 
IkEG 0478 [11121-1/39£ 760113 11.b 15.5 180 ClS44o-P39 o.o • 

IICEG 006D ~121T 780103 11.6 16.9 120 310CYB4 o.o 
IICEG 104C lfJ,,,17EX 770519 16.25 23.65 170 440l'IB4 o.o 
IKEG 0988 Tl1Ur2(1l 760615 17.7 30.0 660 270JB22 2.0 

IKEG 3008 Tll10-2(2l 760712 17.8 30.3 590 Z70JB22 1.2 

IkEG 19 Tll14-1 760908 22.6 30.2 300 370CKB22 o.o 
LEXI 122EV VT112 190821 12.7 17.1 so C1'539ff7X13 o.o 
NICO 0808 88132 760416 12.0 12.5 190 340RB4 o.o 
l'IICO 098D C3910(1) 780515 ·25.2 28.0 400 ST2019CEB22-B o.o 
NICO 110D C3412 780602 22.1 27.1 740 ST1419CB22-B o.o 

' "ICO 186E lt-6940 790917 19.8 26.6 80 DS2019CB4 o.o 
l'IICO 296E C3910(2) 800606 25.0 30.0 580 ST2019CEB22-B o.o 
fOI) 13SEV 2491 800110 9.4 12.25 3 cc:31 ()(fflP4 o.o 
ltJTO 121D XN-286HB 780711 10.6 14.8 300 9SC-5904A 0.0 

rmo 151D 1'11000-155 790324 7.4 10.2 170 140ANB4 o.o 
,mo 054E l'l2000-155 790410 8,8 9.4 180 1'124-304W o.o 
rmo 017c Xl'l-353-27 790417 13.5 16.9 260 12S'TS427A o.o 
l'IJTO 1400 l'l3000-l 40 (Tl 790521 13.3 15.3 400 12ST5449A o.o 
ll1TO 140D Pl300o-140( NO 790521 13.4 19.8 3oO 12ST5449A o.o 

., IIJTO ~ IMOOO-l40<Tl 790514 16.4 20.5 300 15ST4730L o.o 
IIJTO 055E "4000-140( AN l 790514 16.6 24.0 200 1SST4730L o.o 
l'IJTO 1~ KV106Uf 790.913 12,5 19.5 280 16VASP4 o.o 
IIJTO 207c l'ID3000-240 m830 12.6 14.2 410 12ST5427A o.o 
IIJTO 183E Xl'l70S-25 790831 15,7 18.6 320 23ST5488E o.o 
IIJTO 217c l'ID-4000-240 790927 17.2 19,7 30 15ST4730l'I 0.0 

,mo 1488 0060-10 760819 14.1 16,4 290 12ST5449A 0.0 

l'OTO 041E ffl:351-207 ,·• 79~19 12.4 13.8 Z70 12STS427A o.o 
tel 049F FVN-95A 800403 9.5 15.1 bO 230BD84 o.o 
OOE 147FV Cf-1/R 800428 14.b 18.5 130 15ST47301'1 o.o 
om 146FV Cf-!,, 800509 12.7 16.8 140 15ST4730N o.o 
REDA 129EV \1591~ 790919 13.8 24.l 100 C£29AAN1 SP39 o.o 

sea 152A 5"916C 750618 5.8 9.2 200 N5042 o.o 
sea 128A 5E920 7506."0 25.3 26.9 11o0 l'IV25VIlKP22 o.o 

31 



VDD TEST REPORT - I~IZING RADIATION 08 JJL 80 

1 2. 3 tat HVCKVI 4 OPT 5 OPT B£Alt 6 RAD 7 

NFR SRN ~ TST DT @ a:>T BEAN HVCKVI 110 EX-6Al cm NI l'IR/~ 

sea ~ ~12 760614 16.6 21.s 300 23JQP4 o.o 
TECP 144FV w l1MK n 800428 14.3 17.2 10 12ST5427F 0.0 

TECP 143FV 2'Il7 800425 14.0 16.4 5 12STS427F o.o 

rm 239E t17D 791114 14,6 21.3 180 wm1SP4 o.o 

TIE 082D TNC-17" 780224 14.7 17.8 200 440tlB4 o.o 
TIJEI 219D lNC-12" 780803 11.1 14.9 170 310CYB4 o.o 

TIJEI 066C 1lC9" 770301 10.6 17.2 50 230ADB4 o.o 

VYIE 131EV 1400 790e!J7 12.2 19.7 350 15"49P31" o.o 
WANG 283EV t» 791120 14,2 20.1 100 CE6811U2P31 o.o 

m 297E 19V1001 (2) 800128 14.8 20,1 ~ l'l50-102W o.o 

m 12'£ 19\1100111 > 790702 14,9 22.0 710 19YARP4 o.o 
ZERC 132£V D12PF-1 791029 12.1 16.3 100 CE39All12P4 o.o 

ZERC 090FV D124-l 800603 11.3 13.9 230 CE394-fl12P4S o.o 

1. Refer to Appendix A which lists the full manufacturer name for each code. 

2. Sample request number assigned by the Bureau to each requested unit. • 

3. Date of completion of testing at WEAC. 

4. Nominal high voltage at optimum beam current. The high voltage observed at optimum 

beam current when no component failures or service control adjustments are 

introduced. 

5. Optimum high voltage. The high voltage observed at optimum beam current when full 

Phase Ill conditions are induced. 

6. Optimum beam current. The beam current at which the chassis power curve most 

closely approaches or exceeds the isoexposure curve of the cathode ray tube (CRT) used 

in the VDT. • 

·· 7. X radiation in milliroentgen/hour. This measurement reflects the maximum stable 

reading obtained for any surf ace. 
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APPENDIX C. IONIZING RADIATION CURVES 
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APPENDIX 0. NONIONIZING RADIATION DATA 

VDD TEST REPCRT - NJN-IONIZING RAOIATION 09 ,JUL 80 
CfIT RAD 2 (fl' RA03. OPT RAUt ~ 5 ULTRASOUND6 LlTRASOUND 7 1if8 RF9 RF 10 

l10IE. TEST BARE RADIOl'I UY-360 RATE DB AT FREQ DB AT FREQ MGNETIC ELECTRIC aECTRIC 

IA l TESTED DATE tETECTIR FILTER FILTER KHZ ID= 20 INl !CAB SURF> Ml'I V/1'1 V/1'1 

W X 1H W X 10-0 W X 10-0 ID= 2 IN> ID= 2 IN) ID= 12 IN) 

ADSY lV-5 800324 20 10 .036 15.75 59@16 91@16 120 
42@31.5 6.'3@31.5 

AINI 900949 800215 0.92 0.45 0 15,0 @ @ 

58@31.5 54@31.5 

AINI 951-01 800331 0.93 0.43 o.oo 15 55@16 89@16 - 200 
40@31.5 69@31,5 

AUVJ 940-04(2) 800521 1.3 0.57 o.o 15.2 61@16 87@16 89 4 

44@31.5 60@31.5 

BOSC NC37BB 800220 0.9 0.4 o.o 15.0 49@11, 81@16 
33@31.5 5o@31.5 

BUI( 549272 790911 20.0 9.4 0 20 56@20 73@20 
44@25 49@25 

aw Qllll-9lt 800606 5.2 2.5 0.000 15.75 53@11, n@16 35 4.3 
46@31,5 56@31,5 

aw QJJl-12K 800606 5,8 3,0 0.000 15,75 45116 76@16 55 1,,0 

44@31,5 68@31.5 

CIJE VBS-3 800116 @ @ 

@ @ 

ax:o S21l/C19 800604 9.0 4,0 0.009 15,75 61@11, 90@16 280 45 
54@31,5 73@31.5 

CODA CC-llSA 79f1rlO 5.6 2.6 0 35 51@16 n@16 
44@31,5 59t3t.5 

coo m7 791011 1.5 0,6 0 23 (30@20 1,1@20 • 
43@25 78@25 

aST Ilt10-o9A0 790628 1,,5 3.2 ,008 17 48@16 76t16 
~31.5 52131.5 

aST 000-12AO 790926 5.4 2.4 .002 16 @ @ 

@ @ 

FOlfl 7101 790719 I. 7 .OB 0 16 53@16 73@16 
@ @ 

FOOR 7111 800122 1.8 0,8 0 15 @ @ 
@ @ 

FM 5115/7111 800610 2.4 1.0 o.o 15.75 50@16 66@16; 100 

42@31.5 36t31,5 

HITA CIJ-12 800320 5.6 2,S 0.001 15 41@16 54@16 
36t31,5 61@31,5 

IBNC 3278-2 800409 0.55 0.25 o.oo 15 28@10 32@16 
30@31,5 48!31,5 

IICEG PIH50 800201 5.S 2,9 0.003 15 43@16 69@16 180 12 
42131,5 70@31,5 

LElI VT112 790821 .61 .28 0 22 @ @ 
@ @ 

NICO C:391012) 800606 3.0 1,4 0.004 15,75 56@16 85@16 80 6,5 

53@31.5 68@31,5 

l1(H) 2491 800110 0,5 0.25 0 15 @ @ 
@ @ 

t-ENI FVfl-9SA 800603 2,9 1,4 0.000 15.75 58@16 79@16 120 4 

52131.5 67@31,5 

(JfTE Cf-1/R 800428 9,5 4.6 o.o 19.2 46@20 62@20 140 10.0 
48@40 60@40 

.'f. 

' OOE Cf-I 800509 0,53; 0.25 0.00 20 51@20 64@20 0,69 64 2,4 
45@40 63@40 

REDA V59t--6022 790919 ,96 .43 0 30 35@6,3 41@6,3 
43@31,5 72@31,5 

TEO' 'lil7 IWllC II 800428 4,8 2.4 o.oo 20 51@20 68f20 270 
53@40 69@40 

.. ·.-~-::;--
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VDD TEST REP(RT 1 - ~jOHIZINl ~ADIATif 09 JU1.s30 7 
CfIT RAO OPT RAD OPT RAD HOR Ll.TRASOUND ULTRASClNl RF

8 RFg 10 
RF 

1 
lllDEL rm BARE RADI0f1 W-360 RATE DB AT FRE'Q DB AT FREQ HAGNETIC ELECTRIC ELECTRIC 

MFR TESTED DATE DETECTOR FILTER FILTER KHZ rn = 20 INl <CAB Stff) A/1'1 V/11 V/1'1 

W X 10-0 W X 10-6 W ~ 10-0 (D = 2 !Nl (0 = 2 !Nl (D = 12 IN) 
, TECP 

VVIE 

WAN, 

WGEC 

ZERC 

ZERC 

2217 800425 6.6 3.3 0.005 20 65@20 97@20 0.65 28 
68@40 79@25 

1400 790P,07 9.6 4,5 0 2 . <30@8 43@8 
42@40 59@40 

121if 791120 9,6 4.45 0 16 @ @ 

@ @ 

19V10011 ll 790702 5.0 2.5 0,004 16 @ @ 

@ @ 

D12Pf-1 791029 7.6 3.8 0,015 18 @ @ 

@ @ 

D12-HF-I 800603 10.0 s.o 0.000 15,75 43@!6 68@!6 )300 

47@31.S 79@3l,5 

1. Refer to Appendix A which lists the full manufacturer name for each code. 

2. Optical radiation measured with bare (unfiltered) detector. This value is given in 
microwatts • 

3. Optical radiation measurement with radiometr.icrfilter in place. This value is given in 
microwatts. 

4. Optical radiation measured with ultraviolet filter in place. This value is given in 
microwatts. 

5. Horizontal (scanning) frequency in kilohertz. 

6. Measured amplitude of sound in decibels at a distance of 20 inches from the VDT 
surface. The top numbers refer to the maximum measured amplitude in the frequency 
ranges centered on 20 kilohertz or lower and the frequency at which this amplitude 
was observed. The lower numbers indicate the maximum measured amplitude in the 
frequency ranges centered on 25 kilohertz or higher. 

7. Measured amplitude of sound in decibels at the surface of the VDT. 

8. Magnetic (H) field of radiofrequency radiation measured in amperes/meter at· a 
distance of 2 inches from the VDT surface. 

9. Electric (E) field of radiofrequency radiation measured in volts/meter at a distance of 
2 inches from the. VDT surface. 

10. Electric (E) field of radiofrequency radiation measured in volts/meter at a distance of 
12 inches from the VDT surface. 
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APPENDIX E 

PROCEDURES FOR LABORATORY COMPLIANCE TESTING 
OF TELEVISION RECEIVERS 

March 1978 

INTRODUCTION 

The purpose of this document is to establish procedures for laboratory compliance 
testing of television receivers that are certified by the manufacturer as in compliance with 
appropriate HHS standards. Television receivers are tested for compliance with the HEW 
Performance Standards for Television Receivers published in 21 CFR 1010 and 21 CFR 1020. 
The procedures described in this document are applicable to both domestic and imported 
television receivers, monitors, and video projectors. Definitions of terms used in this 
document are identical to the definitions published in 21 CFR Parts 1000-1020. 

GENERAL INSTRUCTIONS 

1. Laboratory control of television receivers shall be maintained as specified in the 
Regulatory Procedures Manual, the Analysts' Operations Manual, Compliance Program 
739,.804 "Compliance Testing of Electronic Products at WEAC,11 and Compliance 
Program 7394.804B "Compliance Testing of Television Receivers at WEAC.11 

2. All test data shalLbe recorded on Analyst Worksheets (FD-431 and FD-43la) and on the 
special television receiver data sheets. 

3. Upon notification of the assignment of a television sample for analysis the Primary 
Analyst shall: 

a. Obtain copies of the service manual, circuit diagrams, and manufacturer's test data 
for the assigned sample (if not available consult supervisor). Manufacturer's 
information will be supplied by BRH and will be located in the report folder when 
the analyst receives it. Most service manuals and/or schematics will also be 
supplied by BRH or by. the inspector and mailed to WEAC. However, there are 
times when a schematic will be included with the sample. In this case, it shall be 
noted in report on Page 1, Item 7 (Description of Sample). 

b. Obtain the sample from the Sample Custodian and transfer it to the testing 
laboratory. 

4. Upon receipt of the sample and prior to breaking the seal and removing the sample from 
its shipping carton, the Primary Analyst shall: 

a. Initiate the appropriate worksheets. The sample number shall be obtained from the 
Collection Report (FD-464) and clearly printed on each worksheet. 

b. Reconcile each record for the sample. Any discrepancies between the sample 
received and the Collection Report (FO-464) or Inspectors Seal (FD-415a) shall be 
immediately reported to the supervisor. Missing seals and/or collection reports 
shall be immediately reported to the supervisor. 
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c. Carefully study the television receiver circuitry concentrating on power supply and 
high voltage output. Determine·if the receiver utilizes a hold-down circuit. 

;. Extreme caution shall be taken in unpacking the sample. The original shipping carton 
and packing materjal shall be saved. The packing material shall be returned to the 
carton for later use in repacking the sample for storage or shipment. 

6. All x-ray leakage measurements shall b_e carried out according to the procedures 
outlined in "Measurement of X-Radiation Leakage From Television Receivers." 

7. Consult supervisor if at any time during testing the sample becomes damaged. 

8. X-ray and electrical hazards are inherent with these tests. Perform all operations with 
extreme care. 

9. CAUTION: If at any time during the testing the measured x-ray leakage radiation 
.reaches o.; mR/hr, STOP and immediately notify supervisor. 

COMPLIANCE. TEST PROCEDURES 

I. Operation and Labeling Check 

A. Operation 

1. Unpack the sample and connect it to the appropriate line voltage and antenna 
to determine if it is operational. A sample that malfunctions or has sig
nificant external damage should be recrated and the supervisor immediately 
notified. The supervisor shall immediately contact DOC/BRH to determine 
disposition of the sample. 

2. Scan all surfaces of the sample with the Starns meter (or equivalent) while the 
sample is operating at normal viewing brightness. 

3. Adjust the sample or normal viewing brightness and leave in operation for one 
hour. 

4. If any significant radiation levels above background are detected, immediately 
proceed with full testing. 

B. Certification and Labeling 

1. Visually examine the certification label or tag for (a) presence, (b) per
manence, (c) legibility, and (d) viewability. 

2. Visually examine the identification label or tag for items (a,b,c,d,) of B. l 
above. 

3. Visually examine the date of manufacture label or tag for items (a,b,c,d) of 
B.l above. 

4. Photographically document the certification and identification tags or labels. 

II. Normal Operation Test 

A. Test setup - refer to Figure 1 for details 

1. Place ~rriple on test bench and remove back_ panel 

37 



2. Following manufacturer's instructions, ground all high voltage circuits to 
remove any residual charge. 

3. Connect high voltage and current meters into the second anode circuit. Refer 
to the manufacturer's information and determine nominal and worst-case high 
voltage conditions and choose tr,e appropriate scale on the high voltage meter. 
If at any point during the testing, scales have to be changed, it shall be noted 
in the report at that point. 

4. Connect test pattern generator to antenna leads of sample. (Color bar signal 
for color receivers and cross-hatch for black and white receivers.) 

5. Connect one end of test line cord to set (verify that set is turned off), and 
then connect the other end of the test line cord to a variable auto
transformer, which is set to zero. 

6. CAUTION: Verify that no individual or unnecessary pieces of equipment are 
near the high voltage components ~f the sample and test gear. 

7. Apply input voltage to the variable auto-transformer and adjust input voltage 
to the sample to 120 volts AC. 

8. Tum the sample on and adjust sample and test pattern generator to produce a 
normal test pattern on the viewing screen of the sample. 

AC 
Voltffl9Car 

r-- -.a--- - -
I -1----
'--~ 

CC Volan.ter 
(for CC oparatlont 

,-- -, Fuse 
I __,;'\,-
L--~ 

Vart~le Aecnal&rad 
OCPGwerSuooty Autotranstorm• 

1so1attan Transtanner 

CC MllllalllffleW 

Elecucstattc 
VoltrnetW 

Figure 1. Test meter connections for compliance 
testing of television receivers. 
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B. Normal Operation Chassis Power Curve 

1. Center appropriate radiation monitor on the picture tube face. 

2. Adjust CRT anode current from minimum to maximum through various 
combinations of USER CONTROL ADJUSTMENTS. 

3. Measure and record values of CRT high voltage and current, B+ voltage,* and 
monitor radiation leakage through picture tube face at minimum, maximum 
and several intermediate values of CRT high voltage and current. 

4. Plot chassis power curves (kV vs. mA) and compare with manufacturer's CRT 
isoexposure curve. 

5. Perform radiation survey if any radiation leakage is detected above 
background. 

6. a. User controls are defined as any controls on the front, back, or sides of 
the receiver that can be adjusted without· the use of a tool (i.e., 
Brightness, Contrast, Color, nnt, and Volume). Monitors often have 
numerous controls available to the user. User controls for a monitor are 
defined as those controls which affect the brightness, contrast, and color 

. of the display. 

b. Tint {sometimes called Hue) control on color television receivers, 
monitors or projection systems wµl always be adjusted to produce a blue 
stripe in the center of the display with a gated rainbow input signal. 

c. Volume controls on all television products tested wili always be adjusted 
to minimum. 

*B+ voltage is defined as the DC voltage supplied to the horizontal 
output circuitry. 

C. Radiation Survey 

This survey is run at the CRT beam · current value at which the ratio of CRT 
kilovoltage to 0.5 mR/hr isoexposure curve kilovoltage is a maximum. 

1. Scan sample with Stoms meter (or equivalent) to determine location of 
maximum leakage radiation on any surface • . 

2. Measure and record value of maximum leakage with a Victoreen 440 RF/C (or 
equivalent). Procedures for measurement of leakage radiation are contained 
in Appendix A. 

3. At the •discretion of the analyst, radiation surveys at other points on the 
chassis power curve may be performed~ 

4. Notify supervisor immediately if at any time the x-ray levels reach 0.5 mR/hr 
at 5 cm from any surface of the sample. 

D. Critical ; Component Labels 

1. The Performance Standard requires that a critical component warning label be 
affixed or inscribed on all television receivers which could produce radiation 
exposure rates in excess of the Standard's requirements as a result of failure, 
improper adjustment, or improper replacement of a circuit or component. 
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2. Determine if a critical component label is present and clearly legible under 
conditions of service and whether appropriate components are specified and/or 
a reference to the service manual has been made concerning x-radiation 
precaution. 

3. If the labels found on the sa;nple do not meet the criteria of a critical 
component warning label (as in D.2), it shall be noted in the report as "not 
present." The exact replacement label on the picture tube is not considered as 
the "critical component label." 

4. For receivers that meet the exemption criteria,* a critical component warning 
label is not required, and the analyst shall enter "N/ A" for adequacy, and 
comment that the receiver meets the requirements for exemption. The 
analyst shall also record the presence or absence of the label. 

*Any receiver whose worst case Phase III power curve under conditions does 
not exceed 20 kV at O beam current and does not exceed the 0.1 mR/hr 
isoexposure curve would qualify for an exemption under the provisions of 
21 C.FR 1002 • .50. 

m. Phase I Compliance Test 

A. Test Setup 

Phase I tests are conducted using the same equipment and test setup and following 
the same procedures used in the Normal Operation Test except for the line voltage 
at which the sample is tested. 

1. Prepare sample for test, following steps 1 through 6 of II.A. , .. . , 

2. Apply input voltage to the variable auto-transformer and adjust input voltage 
to the sample to 130 volts AC for samples designed to operate between 
110 volts to 120 volts AC (nominal) or to 110 percent of the specified normal 
operating voltage. IMPORTANT: In some cases it may be necessary to use a 
lower value of .Une voltage for this test if it has been determined that a lower 
voltage produces maximum x-ray radiation. 

B. Phase I Chassis Power Curve 

Obtain data and plot dlassis power curve under Phase I conditions following 
procedures of II.B. 

C. Radiation Survey 

Repeat II.C procedure under Phase I conditions. 

IV. Phase II Compliance Test 

A. Test Setup 

Phase II tests are conducted using the same equipment and test setup, and 
following the same procedures used in the Phase I test. 

B. Phase II Chassis Power Curve 

1. Center appropriate radiation monitor on the picture tube face. 

2. Adjust CRT and anode current from minimum to maximum through various 
combinations of BOTH USER AND SER VICE CONTROL ADJUSTMENTS. For 
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eacn value of CRT current the user and the service controls shall be adjusted 
to maximize the high voltage and/or the radiation through the picture tube 
face while maintaining a usable picture. 

3. Measure and record values of CRT high voltage .?'ld current, B+ voltage, and 
monitor radiation leakage at the picture tube face at minimum, maximum, and 
several intermediate values of CRT high voltage and current. 

4. Plot Phase II chassis power curve (kV vs. mA) and compare with the 
manufacturer's CRT isoexposure curve • 

.5. Perform radiation survey if radiation leakage is detected above background. 

C. Radiation Survey 

.Repeat 11.C procedure under Phase II conditions. 

D. Any controls that are found to be ''factory sealed" are to be checked for the 
permanency and adequacy of the sealing method. Controls having a "seal" _which 
can be readily broken without damaging the control are to be included in the 
adjustments for maximum radiation during testing. Power curves, with and 
without adjusting such controls; are to be obtained. Such situations are to be fully 
explained in the report and all data appropriately identified. 

E. If service persoMel are to remove or add components in an adjustment procedure, 
e.g., remove or add capacitors to increase or decrease high voltage, such 
components are considered service controls. 

F. If the sample employs a hold-down circuit, and it activates when performing 
service control testing, follow the procedure as outlined below. Disabling the hold
down circuit will be used as a Phase m fault. If the circuit does not activate 
during Phase II (Service Controls), disabling thi.$ circuit will not be included as a 
Phase m fault. This circuit should be investigated to determine if it is contained 
on a circuit board which can easily be removed without affecting the operation of 
the receiver. If so, check with supervisor to determine if testing without the 
safety circuit is desired. 

1. Bring the line voltage down to a level just below hold-down activation to 
g~erate a power curve which contains a point (or points) maximizing the 
potential for x-ray emission. Conduct a radiation survey if radiation leakage 
is detected· above background. 

2. Once th.is is accomplished, the input voltage shall be set at 130 volts AC or to 
110 percent of the specified normal operating voltage and the Service 
Controls adjusted to a point in order to de-activate the hold-down action, and 
then generate a second power curve as in F.l. · Conduct a radiation survey if 
radiation leakage is detected above background. 

V. Phase m Compliance Test 

A. Test Setup 

, Phase lll tests are performed using the same equipment and test set up used in 
Phases I and II testing. 

B. Phase lll Chassis Power Curve· 

1. Insure that the Service Controls are positioned to maximize the high voltage. 
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2. Center appropriate radiation monitor on the picture tube face with the tint 
control (if sample is a color receiver) adjusted to produce a blue stripe at 
center screen. 

3. Incorporate the fault in the television receiver. The manufacturer's worst 
case fault should be tested first. If the manufacturer's worst case fault pro
duces an unusable picture, data will still be recorded and a radiation survey 
will be made. The fault most likely to cause set failure should be performed 
last. 

4. With the power supply turned off, the variable auto-transformer shall be 
positioned completely counter-clockwise in the "0" position. 

.5. Tum the power supply switch on and adjust the variable auto-transformer 
slowly to apply the input line voltage gradually. When the raster first appears, 
observe the picture to insure proper operation and usable picture. This may 
prevent damage to components due to transients. 

6. Adjust the line voltage up to a maximum of 130 volts AC or to 110 percent of 
the specified normal operating voltage slowly and generate a power curve at 
the combination of line voltage and control adjustments that will maximize 
the potential for x-radiation emission. Monitor radiation levels at not less 
than four points on. the curve, especially concentrating at higher kV readings 
for television receivers and monitors and higher currents for projection units. 
The remainder of the sample should be surveyed. at these same operating 
conditions with.a Stoms meter (or equivalent). 

Note: If the hold-down circuit should activate during testing with a fault 
condition, adjust the service controls and line voltage in such a 
manner as to maximize the potential for x-radiation emission. Gener
ally, maximum x-radiation will occur at CRT beam currents where the 
ratio of the CRT kilovoltage to the 0 • .5 mR/hr isoexposure curve 
kilovoltage is a maximum. This power curve is not necessarily a full 
range (O mA to maximum beam current) curve. 

7. A hold-down activation curve shall be performed for each fault activating the 
hold-down circuit below 1.30 volts AC on television receivers employing a hold
down circuit primarily monitoring the high voltage or horizontal output 
voltages. 

A hold-down activation curve is a power curve consisting of anode currents 
and anode voltages corresponding to operating points just before hold-down 
activation, obtained by varying the line voltage. 

8. For AC/DC operated television receivers additional testing shall be performed 
under the following conditions: 

a. Under AC operation, for any fault condition, when the DC voltage 
(rectified AC input voltage) at the point* where the externally-supplied 
DC enters the power supply circuitry for DC operation is less than 15 
voe, ... then that fault must be performed under 15 voe operation. 

*Some receivers use unregulated DC when operating in the DC input 
mode while others apply the DC to the B+ regulator in the same fashion 
as rectified AC • 

... 1.5 VDC is the voltage level that BRH has determined could be produced 
by an automobile electrical system. 

42 

.. 



b. A Normal Operation Curve at 12 VDC, a Phase I Curve at 13.2 VDC, arid a 
Phase II Curve at 15 voe shall be included in the data. 

The above criteria apply to all AC/DC operated receivers. However, for 
receivers requiring a nominal external voltage of other than 12 VDC, 
Phase II and Phase III curves shall be performed at 110 percent of 
nominal input. 

C. AU fault condition power curves should be plotted and compared with the CRT 
isoexposure curves. A radiation survey wHl be made for each fault condition. 

D. If noncompliance is found, additional testing should be conducted by turning the 
unit _off and on at the noncompliant condition. The unit should also be operated for 
a sUfiicient · length of time to be defined by supervisor to ensure continued 
operation in the noncompliant condition. 

E. Photographs should be included in the report in order to describe a unique picture 
display, or when the presentation of a "usable picture" is questionable, especially 
when the power curve represents the manufacturer's worst-case fault condition, 
and/or is close to or higher than the isoexposure curve, and/or radiation is 
detected. 

VI. Final Operation Check 

A. Test Setup 

Prepare sample for testing as in II.A. 

B. Chassis Power Curve _ .. 

Repeat n.B to verify that 'testing has not significantly affected the normal 
operation chassis power curve. 

C. Return all user and service adjustments to normal operating settings. 

D. Disassembly of Test Setup 

1. Tum off sample and disconnect line voltage test cord from variable auto
transformer. 

"2. Following manufacturer's instructions, ground the picture tube and high 
voltage circuit to remove charge. 

3. Disconnect all test equipment and reinstall sample line cord and back panel or 
other coverings. 

4. Reconnect sample line cord to normal line voltage, connect external signal 
source to antenna input leads, and tum sample on. 

5. Tum sample to local TV station or other test signal, adjust to obtain usable 
picture and normal viewing brightness, and leave sample on for one hour. 

6. Return sample to its shi'pping carton and pack for shipment exactly as when 
received. Seal shipping carton and return it to the Sample Custodian. 

E. Any receiver which is not operating normally after the tests should be serviced to 
bring it back to normal operation before returning it to the manufacturer if no 
radiation in excess of the Standard has been found. 

43 



F. Notify supervisor for guidance on disposition of receivers more severely damaged 
during testing. 

VII. Review and Completion of Final Report 

After all analyst worksheets and data sheets have been completed, the sample report 
will be reviewed for completeness by a second analyst assigned by the supervisor. The 
completed test report will then be submitted to the supervisor who will prepare the 
laboratory conclusions. 

. . 
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L Purpose 

SUPPLEMENT 

MEASUREMENT OF X-RADIATION LEAKAGE 
FROM TELEVISION RECEIVERS 

WEAC Compliance Testing Procedure 

To obtain the x-radiation characteristics of television receivers in order to determine 

whether the receiver is in compliance with requirements of 21 CFR 1020. 

II. Apparatus 

A. Search Instrument 

The search instrument shall •be a rapid resp~se instrument which will detect and 

locate the position of maximum radiation. (Examples - G-M tube instruments, such 

as the Stoms meter. See EIA Consumer Products Engineering Bulletin No. 3, 

"Measurement Instrumentation for X-Radiation from Television Receivers.") 

B. Radiation Monitor 

A survey instrument capable of detecting low ener.gy, x-ray photons at intensities 

as low as background with a visual and/or audible output. 

C. Exposure Rate Measuring Instrument 

The measuring instrument shall comply with the requirements of 21 CFR Part 

1020.10, subparagraph (c)(2), of the Federal Performance Standard for Television 

Receivers. 

The instrument shall provide x-radiation measurements (mR/hr) in the range of the 

applicable limit. 

The radiation sensitive volume of the instrument shall have a cross-section parallel 

to the external surface of the cabinet with an area of ten square centimeters and 

no dimension larger than five centimeters. 

Deviation of the measurement from ''true'' exposure rate due to energy dependent, 

instrument precision and other sources of error shall be commensurate with 

current instrument art. 

An example of an instrument which fulfills these requirements is the Victoreen 

440 RF/C. 

Measurements with instruments having other areas must be corrected for spatial 

nonuniformity of the radiation field to obtain the exposure rate averaged over a 

ten square centimeter area. 

Note 1: A large area detector may be used only if the field is determined to be 

uniform over its aperture. Examples: Victoreen 440 RF/ A, Victoreen 

208A, Riverdale Precision TV-150. 
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0~ Test Equipment 

To provide stable electronic conditions for operation of the television receiver 
under test and to measure anode voltage and current. 

1. Anode Voltage Metering System 

Equipment for measurement of the anode voltage during test shall have an 
accuracy of at least 2.0 percent. 

2. Anode Current Meter 

The me:ter for- measurement of the anode current during test shall have an 
accuracy of-at least 5.0 percent. 

3. Une Voltage Meter 

The meter for measurement of the AC voltage applied to the receiver shall be 
a true RMS volt meter with an accuracy of at least 0.50 percent. 

E. Calibration 

The exposure measuring instrument shall be calibrated every six months by 
exposure to an x-ray field having an exposure rate and energy representative of 
those to be measured. Calibration will be traceable to the National Bureau of 
Standards. The search instrument will be calibrated periodically against a source 
of low energy radiation and checked with such a source prior to use to assure that 
all GM tubes are responding to radiation with sufficient and uniform sensitivity. 
Electrical measuring instruments·:shall,be calibrated at least once a year. 

m. Test Conditions 

A. The television receiver under test shall be positioned relative to the test equipment 
so that measurements may be made as specified in Section IV. Test Procedures. A 
warm-up period shall be prov:ided for both the tube and test equipment in order to 
obtain stable operation conditions before proceeding with the measurements. 

B. All measurements on the television receiver being tested shall be made with the 
receiver displaying a usable picture and with the power source operated at supply 

. voltage up to the maximum test voltage of the receiver. Usable picture means a 
picture in synchronization and transmitting viewable intelligence. Questions on 
whether a picture is usable shall be discussed with BRH/DOC and determinations 
will be made on a case-by<ase basis. The required chassis power curves are to be 
developed and the radiation measurements made with the receiver operating with 
a stable input signal or test pattern such as that produced by a color bar generator. 
Anode current shall not vary or drift more than + 5 percent while measurements 
are being made. -

IV. Test Procedures 

CAUTION: Measuring instruments should be properly grounded to avoid shock hazard. 

A. The x-radiation exposure rate shall be measured as described below at the location 
and direction of maximum intensity. The background radiation shall be verified at 
the test position and cort"ections applied to the observed data as required. . 

B. Radiation from all surfaces of the TV receiver shall be measured with the "effective 
center" of the detector 5 cm from each surface. 
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C. During any test exposure period the anode voltage and current shall be constantly 
monitored to insure conformance with Section m.a. The possibility of anode 
voltage or radiation levels drifting up or down as soon as the receiver is turned 
on to begin radiation testing shall be determined particularly under Phase m 
test conditions. If such a situation is noted it will be necessary to conduct a 
radiation survey as a function of operating time • 
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APPENDIX F 

WEAC PROCEDURES FOR LABORATORY TESTING OF VIDEO DISPLAY DEVICES 
AND SELECTED TELEVISION RECEIVERS AND MONITORS - MAY 1980 

FOOD ANO OIWG ADMINISTRATION 
WINCHESTER ENGINEERING ANO ANALYTICAL CENTER 

PROCEDURES FOR LABORATORY TESTING OF VIDEO DISPLAY DEVICES 
AND SELECTED TELEV1SION RECEIVERS AND MONITORS 

MAY 1980 

INTRODUCTION 

This document establishes procedures for laboratory testing of Video Display Devices 
and selected Television Receivers and MoQitors for the purpose of evaluating optical, 
ultrasound, radiofrequency, and ionizing radiation emissions. 

GENERAL INSTRUCTIONS 

Laboratory control of all samples shall be maintained as specified in the Regulatory 
Procedures Manual. the Analysts Operations Manual, Compliance Program 7394.804 
"Compliance Testing of Electronic Products at ~~EAC", and Compliance Program 7394. 8048 
"Compliance Testing of Television Receivers· at WEAC". 

All test data snall be recorded on Analyst Worksheets.(FD-431 and FD-431a) and on the 
special data sheets provided with the test procedures, contained in this document. 

Upon notification of the assignment of a sample for analysis the Primary Analyst shall: 

a) obtain the sample from the Sample Custodian and transfer it to the testing 
1 abora tory; 

b) initiate the appropriate worksheets; 

c) reconcile each record for the sample. Any discrepancies between the sample 
received and the sample expected shall be immediately reported to the 
Supervisor; and, 

d) unpack the sample and connect it to the appropriate 1ine voltage and input signal 
to determine if it is operational. A sample that malfunctions or has 
significant external damage should be recrated and the Supervisor immediately 
notified. The Supervisor shall immediately contact. OOC/BRH to determine 
disposition of the sample. 

Extreme caution shall be taken in unpacking the sample. The original shipping carton 
and packing material shall be saved. The packing material shall be retu-med to the 
carton for later use in repacking the sample for storage or shipment. · 

Consult Supervisor if at any time during testing the sample becomes damaged. E1ectri
cal and other hazards are inherent with these tests - PERFORM ALL OPERATIONS WITH 
EXTREME CAUTION. 
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PROCEDURES FOR LABORATORY TESTING OF VIDEO DISPLAY DEVICES 
ANO SELECTED TELEVISION RECEIVERS AND MONITORS 

Some samples may not have brightness and/or contrast controls. If this is the 
case, make a note an the data sheet to that effect and ignore all instructions 
concerning that (those) control(s). 

Some samples may have additional controls which will affect the screen.brightness 
or contrast (e.g.: color control on a color monitor). If this is the case, adjust 
those controls ta the corresponding levels as described in step 6 (e.g.: mid, max, 
min calor)--alsa make a note on the data sheet ta that effect. 

Some samples may have a normal operating voltage other than 110-120 VAC. If this 
is the case, substitute the specified line voltage for 120 VAC, and 110% of the 
specified line voltage for 130 VAC in the above procedure. 

I. Optical Radiation Survey 

1. Custody of the sample will remain with the Primary Analyst. 

2. Assemble the UOT-40A detector, support rod, and 2" x 2" filter hal der. 
Align this system in contact with the recta"ngular ~pening of the hooded 
80 nm aperture assembly. (This will provide a 20 cm distance between the 
7 mm and 80 mm aperture.) 

3. Connect-the detector ta the meter read-out and check the mechanical zero 
of the meter. The meter must remain in the same orientation, vertical or 
horizontal, throughout the testing. 

4. Turn on VOO and completely fi 11 the sc~een with the letter "M" and set 
the brightness control for maximum brightness. 

5. Check battery condition and turn off room lights. 

6. Check electrical zero of the UDT with :he aperture of the detector covered. 

7. With the 80 mm aperture of the detecto~-hooded assembly almost touching the 
screen, physically scan the screen for the highest reading (brightest area). 

8. Position the hooded detector assembly in contact w1th the screen over the 
brightest area found in step 7 above and record the reading with the bare 
detector. 

9. Insert the radiometric filter into the slot in the filter holder. Record 
the new reading with the radiometric filter. 

10. Remove the radiometric filter and insert the glass UV-360 filter into the 
filter holder and record the new- reading with the UV-360 filter. 

11. Check electrical zero of the UOT with the aperture of the detector covered. 

12. Record the data on the special television receiver (VDD) data sheet contained 
as Attachment A to thi-s· document. 

13. If there is a service control that will affect brightness, repeat the test 
with it adjusted for maximum brightness. 

14. Connect the bare detector of the UOT-40A optometer to the readout and connect 
the analog output of the UDT-40A optometer ta the oscilloscope signal input 
connector .. 
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PROCEDURES FOR LABORATORY TE~TING OF VIDEO DISPLAY DEVICES 
AND SELECTED TELEVISION RECEIVERS AND MONITORS . 

I. Optical Radiation Survey (Cont'd) 

15. Lower the ambient light levels so that the background light does not interfere 
with the reading from the VDD. 

16. Fill the screen with M's to the middle of the screen so that the attention 
cursor is near the center of the screen. 

17. Place the diode over the selected CRT character(s) including the cursor and 
observe and photograph its temporal characteristics from the oscilloscope 
screen. 

18. Record data on the special television receiver (VDO) data sheet, Attachment A. 

II. Ultrasonic Radiation Survey 

1. Custody of the sample will remain with the Primary Analyst. 

2: Assemble the equipment listed below. The instruments listed in parentheses 
are those used at WEAC. · 

a. Sound level meter (B&K Model 2209, S/N 6690541 
b. Microphone (B&K Model 4133, S/N 703164) 4 Hz to 40 kHz 
c. 1/3 Octave band filter (B&K Model 1616, S/N 706534) 
d. Ca 1 i bra tor. ( B&K Pis ton phone Mode 1 4220, S/ N 705054) 
e. Microphone extension cable 
f. Microphone tripod 
g. Line voltage monitor 

3. Record the manufacturer, model number, serial number, and sample number of 
the sample on the data sheet. 

4. Check the meter calibration with the calibrator. If the meter is in 
calibration (± 0.5 dB) check the "in calibration" box on the data sheet. 
If the meter is not in calibration--see Supervisor. 

5. Turn the sample on. Set the line voltage to 120 VAC. Adjust user controls 
for usable picture. Switch the sound level meter to the linear scale. Scan 
the screen area for the highest reading. The scan should be made in a plane 
20 inches (±½inch) from the surface of the screen. Once the highest reading 
is found, secure the microphone in that position on the microphone tripod. 
Switch the meter to the slow response. 
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PROCEDURES FOR LABORATORY TESTlNG OF VIDEO DISPLAY DEVICES 
AND SELECTED TELEVISION RECEIVERS ANO MONITORS 

II. Ultrasonic Radiation Survey (Cont'd) 

6. Readings at each of the 1/3 octave bands from 6.3 kHz to 40 kHz and on the 
dBA scale and linear scale will be taken under each of the following 
conditions:· (Record data on data sheet) 

a. With the brightness control adjusted to 50% of its full clockwise 
adjustment and with the contrast control adjusted to 50% of its full 
clockwise adjustment. 

b. With the brig~tness control adjusted to 100% of the direction of 
rotation which causes maximum brightness and with the _contrast control 
adjusted to 100% of the direction of rotation which causes maximum 
contrast. 

c. With the brightness control adjusted to 100% of the direction of 
rotation which causes minimum brightness and with the contrast control 
adjusted to 100% of the direction of rotation which causes minimum 
con;trast. 

d. With the sample turn~d off (for background readings). 

7. Turn the sample on and set the line voltage to 130 VAC. Repeat step 6, 
parts band c. 

8. Set the line voltage back to 120 VAC. Switch the sound level meter to fast 
response and switch the filter to the ,1 i near sea 1 e. Scan a 11 surfaces of 
.the sample for the highest reading, with the microphone as close as possible 
to the surface of the sample without touching it. Once the highest reading 
is found, secure the microphone in that position on the microphone tripod. 
Switch the meter to slow response. 

9. Repeat steps 6 and 7--include a description of the location of the highest 
reading. 

III. Radiofreguency Radiation Survey - Measurement of Magnetic Field Component 

l. Custody of the sample will remain with the Primary Analyst. 

2. Assemble the equipment listed below. The instruments listed in parentheses 
are those used at WEAC. 

a. RF meter (Narda Model 8616, S/N 05004) 
b. RF probe 10 MHz to 300 MHz (Narda Mode 1 8633, S/N 04022) 
c. Line voltage,monitor 

3. Record the manufacturer, model number, serial number, and sample number of 
the sample on the data sheet. . 

4. Turn the sample on. Set the line voltage to 120 VAC. 
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PROCEDURES FOR LABORATORY TESTING OF VIDEO DISPLAY DEVICES 
AND SELECTED TELEVISION RECEIVERS AND MONITORS 

III. Radiofreguency Radiation.Survey - Measurement of Magnetic Field Component (Cont'd) 

5. Scan all surfaces of the sample tor the highest reading (with the ball of the 
probe as close to the surface of the sample without touching it) under· all the ·\! 

following conditions: 

a. With the brightness control adjusted to 50% of it~ full clockwise adjust
ment and with the contrast control adjusted to 50% of its full clockwise 
adjustment. 

b. With the brightness control adjusted to 1001 of the direction of rotation 
which causes maximum brightness and with the contrast control adjusted to 
100% of the direction of rotation which causes maximum contrast. 

c. With the brightness control adjusted to 100% of the direction of rotation 
which causes minimum brightness and with the con'frast control adjusted to 
l 00% of the direction ..of rotation which causes minimum contrast. 

Record the highest reading for each of the above con di ti ens , include a descri p
ti on of the location of the reading. 

6. Set the line voltage to 130 VAC and repeat step 5. 

7. Turn the sample off and take a background reading. Record this reading an the 
data sheet. 

IV. Radiofreguency Radiation Survey - Measurement of :':lectrical Field Component 

1. Custody of the sample will remain with the Primary Analyst. 

2. Assemble the equipment listed below. The instruments listed in parenthesis 
are those used at WEAC. 

a. RF 11 E" Fie 1 d Meter (I FI Model EFS I-119) 
b. Three EFS-1 Antennae, one each; long, medium, and short 
c. Line Voltage Monitor 

3. Record the manufacturer, model number, serial number, and sample number of the 
sample an the data sheet. 

4. Turn on the EFS-1 and verify that the zero reading is correct. Adjust if 
necessary. NOTE: DO.NOT TOUCH THE METER WHILE TAKING ANY MEASUREMENTS.OR 
CHECKING THE ZERO. ALL READINGS WILL BE TAKEN WITH THE METER SUPPORTED BY 
THE SPECIAL HANDLE OR WITH THE METER RESTING ON A STYROFOAM BLOCK. 

S. Screw in the medium length antenna. 
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PROCEDURES FOR LABORATORY TESTING OF VIDEO DISPLAY DEVICES 
ANO SELECTED TELEVISION RECEIVERS AND MONITORS 

IV. Radiofreguency Radiation Survey - Measurement of Electrical Field Component (Cont'd) 

6. Check the battery by touching a finger to the tip ·of the antenna. If the meter 
needle deflects rapidly upscale and the zero is correct upon its return, the 
battery is okay. If the battery does not check good, consult Supervisor. 

7. Tum the sample on. Adjust the line voltage to 120 VAC. 

8. Scan all surfaces of the sample for the highest reading with user controls 
adjusted for maximum brightness and contrast. The scan will be performed with 
the antenna perpendicular to and pointed towards the surface of the sample. 
When scanning the picture tube face, the tip of the antenna sha 11 be 211 ± ~ 11 

from the surface of the face. For all other surfaces the antenna tip shall be 
1211 ± 11" from the surface. Record the highest reading and include a description 
of the location of the reading. NOTE: Use the more. sensitive (long) antenna or 
the less sensitive (short) antenna if necessary. Record the antenna and scale 
used to make the measurement. 

9. Repeat Step 8 with the brightness and contrast set to minimum. 

10. Repeat Step 8 with the brightness and contrast set to mid-range. 

11. Adjust the sample to the conditions of Step 8, 9,,,or 10, whichever produced the 
highest reading. Use mid-range settings if no difference exists. 

12. Position the meter at the location of the highest reading with the antenna 
parallel to the surface and at the same· distance from the surface as the 
previous measurement at that location. Record this reading. 

13. Position the meter at the same location as in the #12 with the antenna perpendic
ular to the orientation of Step 12 and parallel to the surface of the sample. 
Record this reading. 

14. If the highest reading occurred at 211 from the tube face, repeat this measure
ment at 1211 ± ½" from the tube- face. Use the antenna orientation which produced 
the highest reading. Record this reading. 

15. ·Assemble the equipment listed below. The instruments listed in parenthesis are 
those used at WEAC: 

a. Spectrum Analyzer (Tektronix 7704A oscilloscope S/N 8091732; Tektronix 
7Ll3 Spectrum Analyzer plug-in Module S/N 8131916) 

b. RF Probe (Tektronix P6045 FET Probe S/N 010-0198-00) 
c. Line Voltage Monitor 
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PROCEDURES FOR LABORATORY TESTING OF VIDEO DISPLAY DEVICES 
ANO SELECTED TELEVISION RECEIVERS ANO MONITORS 

IV. Radiofreguency Radiation Survey - Measurement of Electrical Field Comoonent (Cont'd) 

16. Turn on the spectrum analyzer and allow½ hour for wann-up. 

17. Set the spectrum analyzer controls as fo11ows: 

Triggering Source - Free Run 
Triggering Mode - NORM 
Time/Div - 10 ms 
Freq. Span/Div • 50 kHz 
Auto Phasie Lock - Off 
Video Filters - Off 
Pulse Stretcher - Off 
Vert Scale • Log 10 dB/div button 11 in 11 

. 

REF VAR - CAL 
Center Frequency - 0000 MHz 
Reference Level - a dRm 

18. Adjust the center frequency to position the large zero frequency marker peak so 
that it is as close as possible to the 1eft most graticule line. Switch the 
auto phase lock "ON" when the zero frequency marker peak is in the desired 
position. 

19. Turn the sample on and adjust the line voltage to 120 VAC. 

20. Position the RF probe so that the antenna tip is at the location of the highest 
reading obtained in Step 8. The RF probe antenna shall be perpendicular to and 
pointed towards the surface of the sample. 

21. Adjust the reference level on the spectrum analyzer to maximize the vertical 
deflection of the signal on the oscilloscope screen without having the signal 
exceed the topmost graticule line. (Ignore the amplitude of the zero frequency. 
m~rker peak - it may exceed the topmost graticule 1 i ne.) 

• 
22. Photograph the oscilloscope image and record the reference level on the data 

sheet. 

23. Shut off the sample and take a photograph of the background spectrum at the 
same location without adjusting any analyzer controls. 

24. Adjust the spectrum analyzer controls as follows: 

Freq. Span/ Div 
Center Frequency 
Reference Leve 1 

- 20 MHz 
100 MHz 

• -30 dB/m 
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PROCEDURES FOR LABORATORY TEST rnG OF VIDEO DISPLAY DEVICES 
ANO SELECTED TELEVISION RECEIVERS AND MONITORS 

IV. Radiofreguency Radiation Survey - Measurement of Electrical Field Component (Cont'd) 

25. The zero frequency marker peak should be located on the leftmost graticule line. 
Turn on the sample and adjust the line voltage to 120 VAC. Place the RF probe 
in the same position as in Step 20. If any part of the signal exceeds the 
topmost graticule mark, adjust the Reference Level to bring it into view~ (NOTE: 
The zero frequency marker peak and very low frequency signal may exceed the top 
graticule mark - ignore any display in the leftmost graticule division when adjust
ing the Reference Level for this step.) 

26. Photograph the oscilloscope display and record the reference level on the data 
sheet. 

27. Shut off the sample and take a photograph of the background spectrum at the same 
location without adjusting any analyzer controls. 

V. Ionizing Radiation Survey 

1. Obtain a copy of "WINCHESTER ENGINEERING AND ANALYTICAL CENTER - PROCEDURES 
FOR LABORATORY COMPLIANCE TESTING OF TELEVISION RECEIVERS - MARCH 1978 
(APPENDIX 11 C11 REVISED MARCH 1980)". -

2. Perfonn al1 tests described in the above:_.document. 

3. Record all data on the data sheets provided with the above document. 
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SJ11,1PLE # 
SRN -------
DATE 

DATA SHEET FOR OPTICAL RADIATION SURVEY OF VIDEO DISPLAY 
DEVICES AND SELECTED TELEVISION RECEIVERS AND MONITORS 

Detector Model # ______ _ 

Meter Mode 1 # 

S/N ______ _ 
S/N ______ _ 

-------
Osci11oscope: Model # ------- S/N ______ _ 

Max. Br1 ghtn_ess w, th Max. ~rightness with 

Rea di nos: User Centro 1 s User & Service Controls 

Bare Detector iiW iiW 

With Radiometric Filter IJW iiW 

With UV-360 Filter iiW iiW 

Tempera 1 Data: 

Vertical Rate: See Photo tt ___ page _ 

Oscilloscope Setting: Time/div = ms/div 
Time between Vertical cycles= ( -----;f;v) x· ( ms/div)= ms 
Vertical Rate = 1/ xio- 3s =-. Hz - ,--· ._.. 

Horizontal Rate: See Photo #_ page _ 

Oscilloscope Setting: Time/div~ 1JS/div 
Time between Horizontal cycles = (- div) x (_ iis/div) = iis 
Hori zonta 1 Rate = 1/ _ x10-6s =--=._ Hz 

Cursor Flash Rate: See Photo #_ page_ 

Oscilloscope Setting: Time/div= ms/div 
Time between Flash cycles = ( divT x ( ms/div) = ms 
Flash Rate = 1/ _ xl0- 3s =- Hz -

Analyst ___________ _ No. ---- Attachrrent ---Page _ of _ Pages 
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SAMPLE# ______ _ 
SRN 
DATE 

DATA SHEET FOR ULTRASONIC SURVEY OF VIDEO DISPLAY DEVICES 
AND SELECTED TELEVISION RECEIVERS AND MONITORS 

Manufacturer ----------Model fl ------------
Serial # ------------
Sound level meter- in calibration? Yes No 

Line voltage monitor: 
Model fl _______ Serial· II _____ _ 

Note: All readings are actual meter readings in dB. 

kHz 6.3 8 . 10 12.5 16 20 25 31. 5 40 

Background, 
20 in. from 
screen 
20 ,n. from 
screen, 50% 
bright/contrast 

Vol ts: 
20 in. from 
screen, max 
bright/ contrast 
Volts: 

20 ,n. trom 
screen,. min 
bright/ contrast 
Volts: 

,u 1n. from 
screen, max 
bright/contrast 
Volts: 

20 in. tram 
screen, min 
bright/ contrast 

Vol ts: 

Conmen ts; 

Analyst ----------- No. ---- Attachment . --

lin 

Page _ of _ Pages 
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SAMPLE# _____ _ 
SRN 
DATE 

DATA SHEET FOR ULTRASONIC SURVEY OF VIDEO DISPLAY DEVICES 
ANO SELECTED TELEVISION RECEIVERS AND MONITORS 

kHz 6.3 8 10 12.5 16 20 25 31. 5 40 1 in dBA 

Background 
cabinet surface 
Cab1net surface 
50% bright/ 
contrast 
Volts: 

Cab1net surface 
max bright/ 
contrast 

Vol ts: 
cabinet surface 
min bright/ 
contrast 

Vol ts: 
Cab, net surrace 
max bright/ 
contrast 

Vol ts: ' 

cabinet surface .. 

min bright/ 
contrast 

Vol ts: 

Location of highest reading at cabinet surface: -------------

Corrments: 

Analyst ___________ _ No. Attachment ---
Page_ of_ Pages 
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SAMPLE# _____ _ 

SRN 
DATE 

DATA SHEET FOR RF SURVEY OF VIDEO DISPLAY DEVICES 
AND SELECTED TELEVISION RECEIVERS AND MONITORS -

MEASUREMENT OF ELECTRICAL FIELD COMPONENT 

Manufacturer ______________ _ 

Mode 1 # Seri a 1 # --------- -----------
Line voltage monitor: 

Manufacturer -------------Model# _________ Serial# __________ _ 

Note: A 11 readings are actua 1 meter readings in vo 1 ts/meter. 

Line vo 1 ts _____ _ 

AAtenna Lengtn/ 
Meter Rea di nQ Orientation # Scale 

Max RF at max 
bright/ contrast I Ill 

Max RF at min .. :. ~· 

bright/contrast /#1 

Max RF at mid 
bright/ contrast /#1 

Rf at 
b ri ght/ contrast /#2 

RF at 
bright/ contrast /#3 

--

RF with antenna 
1211 from face . /#_ 

Location 

Antenna Orientation: #1 ·- Antenna perpendicular to and pointed toward surface of 
sample 

#2 - Antenna parallel to surface of sample 
#3 - Antenna parallel to surface of sample and orthogonal 

to orientation #2 

Analyst ___________ _ No. --- Attachment --
Page_ of_ Pages 
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SAMPLE # 
SRN ------

Manufacturer 

Model # 

DATE 

DATA SHEET FOR RF SURVEY OF VIDEO DISPLAY DEVICES 
AND SELECTED TELEVISION RECEIVERS AND MONITORS -

MEASUREMENT OF MAGNETIC FIELD COMPONENTS. 

--------------
----------------

Serial # ---------------
Line voltage monitor: ----------

Model # Serial # --------- ---------
Note: Al1 readings are actual meter readings in mW/cm2 • 

Meter Rea di nq Location 

Background 

Max RF at 50% 
bright/ contrast 
Volts: 

Max RF at max 
bright/ contrast 

Vol ts: 
Max RF at min 
bright/ contrast I 

Vol ts: 
Max RF at max 
bright/ contrast 

Vol ts: 
Max RF at min 
bright/ contrast 

Vol ts: 

Comments: 

Analyst ___________ _ No. ___ _ Attachment --
Page _of_ Pages 
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SAMPLE # ______ _ 
SR;l 
DATE 

DATA SHEET FOR RF SURVEY OF VIDEO DISPLAY DEVICES 
AND SELECTED TELEVISION RECEIVERS .AND MONITORS -

MEASUREMENT OF ELECTRICAL FIELD COMPONENT 

SPECTRA 

Frequency range: 0-200 MHz (20 mHz/div). 
Vertical scale: 10 dB/div 
Reference level (top graticule line): 

_____ dB 

Line voltage: ____ _ 

Analyst ----------- No. ___ _ Attachment 

0-200 1-tiz 
Spectrum 

0-200 MHz 
Background 
Spectrum 

--
Page _ of _ Pages 
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SAMPLE# ____ _ 
SRN 
DATE 

DATA SHEET FOR RF SURVEY OF VIDEO DISPLAY DEVICES 
ANO SELECTED TELEVISION RECEIVERS AND MONITORS -

MEASUREMENT OF ELECTRICAL FIELD COMPONENT 

SPECTRA 

Frequency range: 0-500 kHz (SO kHz/div) 
Vertical scale: 10 dB/div 
Reference level (top graticule line): ----Line voltage: ___ _ 

dB 

Analyst ___________ _ No. ___ _ Attachment 

0-500 kHz 
Spectrum 

0-500 kHz 
Background 
Spectrum 

--
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FDA 80-8107 

FDA 80-8108 

FDA 80-8109 
FDA 80-8110 

FDA 80-8111 
FDA 80-8113 

FDA 80-8116 

FDA80-8117 
FDA 80-8118 
FDA 80-8119 

FDA 80-8120 
FDA 80-8121 
FDA 80-8122 

FDA 80-8124 

FDA 80-8125 

FDA 80-8126 

FDA 80-8128 

FDA 80-8129 

FDA 80-8130 
FDA 80-8131 
FDA 80-8135 

FDA 81-8027 

FDA 81-8033 

FDA 81-8034 
FDA 81-8070 

FDA 81-8136 

FDA 81-8139 

FDA 81-8141 

FDA 81-8146 

FDA 81-8147 

--------------------------------~ 

Quantitative Analysis of the Reduction in Organ Dose in Diagnostic Radiology by 
Means of Entrance .Exposure Guidelines (GPO 017-015-00164-4, $1.75) (PB 80-
174956, mf only). 
Positive Beam Limitation Effectiveness Evaluation (GPO 017-015-00163-6, $2.00) 
(PB 80-166937, mf only). 
Proceedings of a \Vorkshop on Thermal Physiology (PB 80-187867, $9.50). 
Quality Assurance Programs for Diagnostic Radiology Facilities (GPO 017-015-
00166-1, $2.50) (PB 80-183338, mf only). 
Get the Picture on Dental X Rays (brochure). 
Sourcebook - Medical Radiation Materials for Patients (GPO 017-015-00178-4, 
$2.00). 
Chest X-Ray Screening Practices: An Annotated Bibliography (GPO O 17-015-
00167-9, $3.50) (PB 80-183890, mf only). 
X Radiation and the Human Fetus - A Bibliography (PB 80-157712, $20.00). 
A Word of Caution on Tanning Booths (brochure). 
Measurements of Emission Levels During Microwave and Shortwave Diathermy 
Treatments (GPO 017-015-00168-7, $1.75) (PB 80-194772, mf only). 
Microwave Oven Radiation (brochure) (supersedes FDA 79-8058). 
Laser Light Shows Safety - Who's Responsible? (brochure). 
Microwave Hazard Instruments: An Evaluation of the Narda 8100, Holaday HI-
1500,·and Simpson 380M (PB 80-227820, $6.50). 
Optimization of Chest Radiography - Proceedings of a Symposium Held in 
Madison, Wisconsin, April 30-May 2, 1979 (GPO 017-015-00176-8, $7.50) (PB ~0-
208317, mf only). 
Research Into the Biological Effects of Ionizing Radiation in The Bureau of 
Radiological Health (GPO 017-015-00172-5, $4.00) (PB 80-217268, mf only). 
Symposium on Biological Effects, Imaging Techniques, an<:! Dosimetry of Ionizing 
Radiations (July 1980) (GPO 017-015-00175-0, $8.00) (PB 81'..112351, mf only). 
The Selection of Patients for X-ray Examinations: The Pelvimetry·Examination 
(GPO 017-015-00174-l, $2.00) (PB 81-113490, mf only). . 
Possible-Genetic Damage from Diagnostic X Irradiation: A Review (PB 81-101743, 
$6.50). 
Nationwide Survey of Cobalt-60 Teletherapy: Final Report (PB 81-101784, $9.50). 
Vignettes of Early Radiation Workers: A Videotape Series (flyer). 
Hazards from Broken Mercury Vapor and Metal Halide Lamps (Notice of Alert) 
(pamphlet). . 
Directory of Personnel Responsible for Radiological Health Programs (supersedes 
FDA 80-8027, March 1980). 
Bureau of Radiological Health Publications Index (supersedes FDA 79-8033) (PB 81-
156192, $18.50). 
Report of State and Local Radiological Health Programs, Fiscal Year 1979. 
Bureau of Radiological Health Publications Subject Index (supersedes FDA 80-
8070, May 1980) (PB 81-149478, $5.00). . 
Optical Radiation Emissions from Selected Sources: Part I - Quartz Halogen and 
Fluorescent Lamps (GPO 017-015-00177-6, $6.50) (PB 81-139693, mf only). 
Quality Assurance in Diagnostic Ultrasound - A Manual for the Clinical User (GPO 
017-015-00179-2, $4.00) (PB 81-139727, mf only). 
Quality Assurance in Diagnostic Radiology and Nuclear Medicine - The Obvious 
Decision (PB 81-1644-77, $14.00). 
Radiographic Film Processing Quality Assurance: A. Self-Teaching Workbook 
(GPO 017-015-00180-6. $4.00). 
Quality Assurance in Diagnostic Radiology: A Guide for · State Program 
Implementation. 
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