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~ OBJECTIVES

1. TO KNOW THE DIFFERENT GENERAL TYPES
OF RADIATION DETECTORS.

2. TO KNOW BASIC-REQUIREMENTS FOR RADIA-
TION DETECTORS. '

3. TO REVIEW INSTRUMENTS COMMERCIALLY
AVAILABLE.

4. TO BE INTRODUCED TO THE INSTRUMENTS TO
BE USED IN THE SUCCEEDING LABS.

5. TO EXAMINE THE ACTUAL DETECTING ELEMENTS
OF DIFFERENT TYPES OF DETECTORS.

A. INTRODUCTION

L.,

!\)

Objectives

1. To know the different general types of radiation detectors.

2. To know the basic requirements for radiation detectors.

3. To review instruments commercially available.

4. To be introduced to the instruments to be used in the succeeding labs.

5. To examine the actual detecting elements of different types of .detectors.
Overview

The instructor will review and explain the different types of radiation detectors and
explain the basic concepts of their operation. The requirements for radiation detec-
tors will be discussed, and a compilation of manufacturers specifications will be
examined. ’

The students during their laboratory exercise will use the instruments that are available -
in the lab to look at a single radiation source. For example the microwave instruments
will be used to measure the output of a microwave signal source, the laser instruments
will be used to measure the output of a laser, etc. Thus, the response of the different
detectors can be compared.

Next the students will look at the detecting elements from various detectors. The
detecting elements will be cross-sectioned or removed from their holders so that they

can casily be examined. The students will sketch the elements and record what para-
meter varies with incident radiation.

The lab exercise will be turned in at the end of the fab.

1
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MICROWAVE

3. Equipment

1. Microwave

Waveline | 200B Densiometer
Naeda 8200

Naeda 8100

Haladay HI1500

Microwave Oven

Microwave Hazard Signs

e an o

2.  Ultraviolet

a IL600 Photometer, PT100D with ACT270
b. 1L700 Research Radiometer

c. Sunlamp

d. UV Hazard Signs

3. Laser

a. 11700 Photometer, PT200A/203A
b. Scientech 362

c HeNe Laser

d Laser Hazard Signs
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PHOTOTUBE
PHOTOMULTIPLIER
PHOTOCONDUCTOR
PHOTOCELL
THERMISTOR

SENSING ELEMENTS

BARETTER
CALORIMETER
THERMOCOUPLE
THERMOPILE
DIODE

Sensing Elements*

Phototube
Photomultiplier
Photoconductor
Photocell
Thermistor
Baretter
Calorimeter
Thermocouple
Thermopile

Hot Carrier Diode

SR e o

*  Sensing elements are mounted on wood panels and

are cross sectioned to expose interior.
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1. 'FOLLOW INSTRUCTIONS WHEN USING THE
VARIOUS DETECTORS.

2. AVOID PROLCNGED EXPOSURE AROUND THE -
VARIOUS RADIATION SOURCES.

3 DO NOT ENTER AREAS DESIGNATED AS
HAZARDGUS BY THE INSTRUCTOR.

4. BE CAREFUL WHEN HANDLING THE FRAGILE
SENSING ELEMENTS

4. Precautions

The above precautions will be followed during the
demonstration - lecture and students’ laboratory exercise.
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TWO CLASSIFICATIONS OF DETECTORS

PHOTON DEVICES
THERMAL DEVICES

B. INSTRUCTOR’S DEMONSTRATION-LECTURE

1. Introduction

A variety of light detectors have been utilized and can be classified under one of two
general categories:. photon devices and thermal devices. These two classifications of
light detectors are based on the two-ways .in which light interacts with matter.
Photon devices interact via the photoelectric effect, photoconductive effect, and
photovoltaic effect. Thermal devices utilize the heating effect and corresponding

. temperature rise caused by energy absorption.- '

Microwave detectors incofporate the thermal devices since microwave photon energy
is insufficient to activate the photon devices.. Some microwave detectors measure the
current produced in an antenna by the RF field.
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PHOTON DEVICES

FHOTOELECTRIC
PHOTOCONDUCTIVE
PHOTOVOLTAIC

Photon Devices

Photon devices measure the rate at which light quanta are absorbed. The response at
any particular wavelength is proportional to the rate at which photons of that wave-
length are absorbed. These detectors have a strong wavelength dependence. .

There are three ways to categorize photon devices: photoelectric, photoconductive,
and photovoltaic. Electrons in a material may absorb energy from incident light
quanta. When the electron is ejected or completely removed from the metal upon
absorption of a light photon, the photoelectric effect has occurred. If, however, the
electron is liberated from a particular atom but is not ejected from the metal, this is
termed the photoconductive effect. When the photoconductive effect occurs at the
P-N boundary of semiconductors or at the boundary between a metal and a semi-
conductor, a potential difference will develop. This is classified as the photovoltaic
effect.
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PHOTO-
ELECTRIC
CUPRENT
>
LIGHT o) ]
EVACUATED GLASS -
TUBE ¥
_ -Q
G*@
ANODE : PHOTO-

CATHODE

VACUUM PHOTODIODE

2. Photon Devices (contd.)
a. Photoelectric

A single light photon is absorbed by a photocathode and a photoelectron is
emitted. This electron is then attracted to a positive anode. As a light beam
consists of many photons, numerous electrons will be emitted from the
photocathede and attracted to the anode. The resulting current or voitage
can then be measured.

The light-sensitive photocathode is usually placed inside an evacuated glass
tube. This is called a vacuum photodiode. It has good stability and good
range (linearity over large intensity range).
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PHOTODYNODES
LIGHT PHOTON /
~ ANODE

CURRENT
PULSE OUT

PHOTOCATHODE -

PHOTOMULTIPLIER TUBE

Photon Devices

Photoelectric (contd.)

The most sensitive of all the light-detectors is the photomultiplier tube (PMT).
Similar to the vacuum photodiode, the PMT consists of a photocathode and a
positive anode. In addition, however, it contains accelerating photodynodes
which amplify the number of electrons emitted from the photocathode.

Since the photocathode is so sensitive, it can only be used to detect very low
power levels (around 107 watts or less). (There are photomultiplier tubes which
are able to detect one photon.) The sensitivity derives from the high gain or ampli-
fication that comes from the dynodes, with 13 stages, gains of 10° to 107 can be
realized. There are two major disadvantages: different photocathodes have differ-
ent spectral responses (dependence on the incident wavelength), and PMT’s tend to
lack linearity over wide intensity ranges.
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PHOTOCONDUCTIVE

RLIGHT
)
cas =
X>| CURRENT
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AUXILIARY VOLTAGE

Photon Devices (contd.)

b.

Photoconductive

Photoconductive materials do not generate electricity (electron current) as do the
photoelectric devices. Instead, these detectors possess the very useful character-
istic of changing resistance when absorbing light. This resistance change may be
on the order of millions between light and dark exposures. Characteristic photo-
conductive cells are cadmium sulphide and cadmium selenide.

The photoconductive effect is the simplest photon effect. When this occurs in a
semiconductor the electron is not removed from the material but merely liberated
from a particular atom (electrons are moved from the valence band or ‘““doped”
electron energy level into the conduction band). The resistance to electron flow is
then greatly reduced, and the conductivity greatly increased. This change in resist-
ance or conductivity can be easily measured.

Note that an auxiliary voltage supply is réquired for the photoconductive detectors.
They can be used to measure powers 107 to 0.5 watts; they also are wavelength-
dependent.

Although CdS is used for photometric applications with diffuse white light, it is not
satisfactory for measuring laser power quantitatively.
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Photon Devices

b.

Photoconductive (contd.)

The silicon semiconductor photodiode is another popular detector. The semicon-
ductor silicon acts as a current generator, with the current dependent on the inci-
dent light. When a semiconductor is “back-biased” it operates in the photoconduc-

tive mode.

The semiconductor photodiodes are operated with an applied reverse bias (voltage)
so that a very low concentration of charge carriers exist at the interface between
the two semiconductor regions. When a light photon is absorbed, the charge from
the electron hole pair creation is separated by the applied electric field. This effect
produces a measurable voltage across the interface, called the depletion region.
Measuring this voltage change gives an indication of the power or energy of the inci-
dent light.

-Semiconductor photodiodes have mang' characteristics that make them useful in

measuring small output powers of 10™ to 0.5 watts. Some of the advantages are:
1) good linearity over seven orders of magnitude; 2) reasonable spectral response,
though not good in the ultraviolet region; 3) fust response time with a 4 to S nsec
rise time and a 10 nsec decay time. The semiconductor photodiode’s smallsize can
be advantageous in monitoring small beam areas or fields.

. Some disadvantages are the wavelength dependence and the small area of the detec-

tor. For large power densities, filters, gratings, or beam splitters can be used to atten-
uate the beam (or sumple a smaller area) and then calculate the actual power level
from the sampled portion.

10
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2. Photon Devices (contd.)

C.

Photovoltaic Detectors

All practical photovoltaic cells consist of a junction between two dissimilar semi-
conductor materials. When light is absorbed at this boundary, an electron will be
liberated from an atom, but not ejected from the material (photoconductive effect).
There will also be a potential difference arising which can be detected (photovoltaic
effect). No battery or electrical power supply is necessary. Photovoltaic detectors
may be classified in two ways: photocells and solar cells.

Photocell or selenium cells have found widespread application as light meters in
cameras and as automatic exposure devices. Cadmium oxide is usually coated on

a selenium base, fastened to a metal baseplate. As light is absorbed, a potential
difference arises between the cadmium oxide and baseplate which can be measured,
as in Figure 10. The response of the selenium cell to light is similar to that of the
human eye.

11
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LIGHT VOLTMETER
CELL
: Q
—J

SOLAR CELL CURRENT MEASUREMENT

Photon Devices

¢. Photovoltaic Detectors (contd.)

Another type of cell, used as a source of electricul power for satellites, is the
solar cell. This is made of the most common element found on our planet,
silicon. In actuality, this can be classified as a photoelectric device since an
electron current is generated when light is absorbed. However, since no external
voltage supply is necessary, this is usually classified as photovoltaic. The current
can be measured directly or as a voltage across a load resistor.

The silicon photovoltaic cell is a very popular laser detector. Having ranges from
0.l mW to 100 mW, it has found much use in He-Ne laser power meters.

12
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THERMAL DEVICES

CALORIMETERS
BOLOMETERS -
THERMOCOUPLES

Thermal Devices
Thermal devices measure the effect of heat and temperature changes on materials

when absorbing light energy. There are three general categories: calorimeters,
bolometers and thermocouples.

13
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CALORIMETERS

1. ABSORB THE TOTAL LIGHT ENERGY.
2 TEMPERATURE RISE INDICATES THE AMOUNT

OF ENERGY ABSORBED.

3. SLOW RESPONSE TIME.

WAVELENGTH DEPENDENCE DETERMINED BY

ABSORBING MEDIUM,

Thermal Devices (contd.)

a.

Calorimeters

Calorimeters absorb the total light energy, and the corresponding temperature
rise indicates the amount of energy absorbed. They are useful in measuring
pulsed laser outputs from 10 - 3 to 100 joules per pulse. The response time is
slow; they should not be used for measurement of rapid trains of pulses since it
takes some time for the calorimeters to equilibrate to ambient temperature. The
energy supply to the calorimeters can be compared with energy supplied from an
accurately known source (i.e., an electric heater). Calorimeters can also be used
to measure C W outputs greater than 0.1 watts. Wavelength dependence is
determined by the absorbing medium. They are also used as conventional

standards in photometry and radiometry.

14
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BOLOMETERS

1. THERMISTOR
INCREASE IN TEMPERATURE DECREASES RESISTANCE

2. BARETTER
INCREASE IN TEMPERATURE INCREASES RESISTANCE

Thermal Devices (contd.)

b.

Bolometers

Bolometers are detectors whose resistance changes when heated. Measuring this
change in resistance provides a means of determining the incident power of the
absorbed radiation. The most common bolometer is the thermistor. A thermis-

tor consists of a short length of fine wire and a small bead of semiconducting metal
at the end. As radiation impinges on the bead, the temperature rises, and resis-
tance (caused by heating the thermistor) is an indication of the incident light energy.
The advantages of a thermistor are its uniform response to all wavelengths of light
and its simplicity of operation. The major disadvantage is its very slow response
time. Another device similar to the thermistor is the baretter. In a baretter, an
increase of temperature causes an increase in resistance.

15
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THERMOCOUPLE

Thermal Devices (contd.)

C

Thermocouple

Another thermal device to measure temperature rise is the thermocouple. A
thermocouple consists of a pair of junctions between two different metals, such

as antimony and bismuth. Since the two metals have different thermal properties

a small voltage difference can be produced when their junctions are at different
temperatures. If a closed loop of two dissimilar metals is made, current will be
observed to flow around the loop when the junctions are kept at different temper-
atures. The current will flow across the hot junction, and will depend on the
thermal properties of the metals used. In figure 15, the current flows from bismuth
to antimony. Depending upon the two materials used, the direction of flow follows
the order: bismuth, nickel, cobalt, platinum, copper, lead, zinc, cadmium, iron, and
antimony. Any pair of these metals is called a thermocouple.

16
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— RECEIVING ELEMENTS
INCIDENT l—_j’\
LIGHT
2 REFERENCE
Bf JUNCTIONS ()
A
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e
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THERMOPILE

3. Thermal Devices

C.

Thermocouple (contd.)

The thermally generated voltages in a thermocouple can be quite small, and a larger
net voltage can be obtained by connecting several thermocouples in series.  This

is called a thermopile. The total thermally produced voltage across the output
terminals is the sum of the individual thermocouple voltages. As the receiving
elements absorb incident radiation, the temperature of each junction is increased
and the thermopile voltage increases accordingly.

Since the receiver element is quite sensitive, and high levels of 1 watt/cm2 or
greater will deteriorate the surface. (Common receiver coatings are goldblack,
lampblack, and Parson’s black.)

Thermopiles are generally unaffected by the beam orientation, the wavelength of

the incident light, the pulse length, or the beam diameter. -However, they are not
as sensitive as the photon devices.

17
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Best Stability, Wave-

length - Dependent

Most Sensitive,Wave-
length - Dependent,
Lack of Linearity

Good Linearity, Wave-
length - Dependent,
Requires Power Soui-e

Air, Water, 0i1,
Cooled Laboratory
Standard, Range De-
pends on Absorbet.

Can be Water Cooled,

Intensity Response Sensi- Wavelength
Detector Range Time Qutput tivity Range Commen ts
Vacuum .
Photodiode lgN-ION lusec Medium 150-1500nm
Photomul tibh’er
Tube 10uM lusec High 200-1000nm
Photoconductor  1uW -10W 10usec Medium 350-4000nm
(back biased) '
Photovoltaic .03 mW-1W  10usec Medium 350-750nm  Self-powered
Calorimeter 0-104 W msec Medium
Bolometer 1 msec Low 100 nm—
40m
Thermopile . .25W 10 msec Low 100 nm—-
40m

Not as Sensitive as
Photon Devices

4. Summary

The intensity range, response time, output, sensitivity, wavelength range and general comments
regarding different sensing elements are summarized in Figure 17. Note that photodiodes,
photomultipliers, photoconductors and photovoltaic devices are not used in the long
wavelength regions. In the long wavelength region bolometers and thermocouples are used.

18
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DETECTION ACCESSORIES

1. FILTERS

2. GRATINGS

3. DIFFUSERS

4 BEAM SPLITTERS

b. MULTIPLE APERTURE DISH

6. AMBIENT LIGHT COMPENSATOR

Detection Accessories

Several laser detection accessories are very useful for versatile measurements. (1) Filters
can be used to select specific wavelengths of the operating laser; they also attenuate the
beam so the full energy of the laser does not damage the detector (such as the photodiode
detector). (2) Gratings also are wavelength selectors which prove to be more exact than
filters. (3) When the beam is small compared to the active detector area, diffusers spread
the beam over the entire detector surface. (4) Measuring high-power lasers calls for a
beam sampler to split the beam and select only a fraction to be incjdent on the detector .
This percentage can then be extrapolated to the total power. (5) A multiple-aperture
dish is utilized to vary the power level falling on the detector. It is

simply a dish with numerous holes. (6) Another handy accessory is the ambient light-
compensator which permits ambient light to be electronically dialed out.

19
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MICROWAVE DETECTOR REQUIREMENTS

1. SMALL ANTENNA PROBE

2 ISOTROPIC RESPONSE AND +1db
POLARIZATION INSENSITIVITY

3. RESPONSE TIME, 0-90% 3 SEC.
4. WIDE RANGE FREQUENCY RESPONSE
5. ACCURACY <zt 2db

6. Detector Requirements and Commercially Available Detectors

a. Microwave

The following list is a summary of the basic requirements for any fieldsurvey instru-
ment, used in microwave-hazard work:

1) The antenna probe must be sufficiently small (or the impedance matched well
enough) to produce insignificant back scatter and/or interference of the probe
to the source.

2.) The receiver system should have both isotropic response and polarization-
insensitivity at the * I db level.

3.) The response time should mect the 0-90% (3second) criteria required by the
bureau of Radiological Health for oven-hazard measurements.

. 4.) It is important that the frequency résponse cover as wide a range as practical.
In particular, direct reading at 925 and 2450 MHz is essential, since these are
the two most common frequencies in oven and industrial applications.

5.) Instrument accuracy should be less than + 2 db over the quoted range for cal-
ibration by using a plane wave.

20
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MICROWAVE DETECTOR REQUIREMENTS (CONTD.)

6. SEVERAL RANGES OF SENSITIVITY

7. OVERLOAD  300% FULL SCALE
1000% FOR 1 SEC.

8. 5 CM. SPACER

6. Detector Requirements and Commercially Available Detectors

a.

icrowave (contd.)

6) Several ranges ff sensitivity should be available, (for example, 0-2, 0-20,
0-200 mW/cm#).

7) The instrument should be able to withstand a continuous exposure of at
least 300% of full scale, using an unmodulated signal, and a onesecond ex-
posure of 1000% of full scale. A burn-out proof probe is desirable.

8) A 2-inch (5 cm) spacer should be provided to enable positioning of the probe
at the correct distance from an oven to meet federal measurement standards.

21
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MICROWAVE DETECTOR REQUIREMENTS (CONTD.)

INTERNAL

RECHARGABLE
9, POWER SOURCE LOW VOLTAGE.

INDICATOR
10. RELIABLE CALIBRATION

11.  SENSITIVITY TO MEASURE _1mW
2
om

Detector Requirements and Commercially Available Detectors
a. Microwave (contd.)
9) The power source should be by an internal rechargeable or easily replaceable
battery. The instrument should indicate when an error of + 5% of full scale
occurs due to low power.

10/ Some reliable calibration must be available, and it must be simple to operate.

11) The instrument should have sufficiently high sensitivity to measure accurately
a flux of 0.1 mW/cm=<.

22
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MICROWAVE OVEN LEAKAGE METER
BOWMAR MODEL 3001

Detector Requirements and Commercially Available Detectors

a.

Microwave (contd.)

Class

Principle of

-Operation

Sensitivity
and Range

Sampling
Performance

Requirements

Features
Reference
Cost

Address

Portable, hand-held oven leakage meter

Antenna, diode, meter readout

Operation: 2450 MHz

Two Fullscale Ranges: 0-5 and 0-50 mW/ci‘m2
Maximum Permissible flux: 200 mW/c
Minimum Measurable Flux: 0.1 mW/cm~ .

Continuous

Accuracy: £ 1 db

Response Time: 90% of steady-state reading within 3 sec.

Power: Microwave energy being detected
Size: 27 cmlong (117)
Weight: 0.3 Kg (0.8 Ib)

Antenna is 5 cm from end of barrel, factory calibrated, no
fail-safe circuit

Manufacturer ’s specification

$ 89.50

Bowmar/TIC, Oven Systems Division
850 Lawrence Drive

Newburg Park, California 91320
(805) 498-2161

Attention: Mr. Arthur Parnes

23
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OMNI- DIRECTIONAL DETECTOR OF MICROWAVE

MICROWAVE OVEN LEAKAGE METER
LEAK
g

3 »

Petector Requirements and Commercially Available Detectors

Microwave (Contd)

Class

Stage of
Development

Principle of

Operation

Sensitivity
and Range

Sampling

Performance

Requirements

Features

References

“Cost

.Remarks

Address

Portable, hand held oven leakage monitor

First prototypes have been built at General Llectric and are being
evaluated.

Antenna is a small tetrahedral structure with ij crystai-diode
detectors on the six edges. Meter measures E= with read-out in
mW/cm=

Frequency range: 925 to 2450 Glz

Dynamic range: | to 20 mW/cm 5
Maximum permissible flux: (Burnout) 1 wu’ttlcm-
Minimum measurable flux: [ milliwatt/cm<

Continuous

Antenna sensitivity designed to be uniform within about + 20% over
entire range of possible orientations.

Power:  microwave energy being detected

Space: 3" x 6" x 267
Weight: 8 oz.

Inputs microwave radiation
Outputs to 2 1 milliampere meter

C.L.. Andrews. “Microwave Probes for Electric Fields Near Metal
Surfaces™, LLE.E.E. Trans. on Antennas and Propagation, Vol, AP-G,
No. 4. July 1968. . )

Unknown

Potentially valuable instrument, General Electric sceks licensee.
General Electric Company

Corporate Research and Development

Schenectady, New York 12301

Attn: Dr. C.L. Andrews (518) 346-8771
Mr. I-, P, Hession (518) 374-2211

24
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MICROWAVE POWER DENSITY-METER
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6. Detector Requirements and Commercizlly Available Detectors

4. Microwave (Contd)

Class

Principle of
Operation

Sensitivity
and range

Sampling

Performance

Requirements

Features

References

Cost

Remarks

Address

Portable, two models (hand-held and lapel)

Antenna made of an array of thin (itm nichrome-bismuth thermocouples
followed by amplifier and theshold gate.

Frequency Runge: 20 KHz to 12,3 GHz %
Hand-held Model Ranges:  0-0.2 mW/c;u-'
0-2 mW/em= 5
0 - 20 mW/em~
0-200 mW/cm? .
Maximum Permissible Power Density: | chm—
Minimum Mcasurable Flux: 0.02 mWiem*~

Continuous

Accuracy: 1 db

Stability: Unknown

Culibration: At rf or audio

Results:  Continuously available, audible or meter

Power: Battery
Size: About3cmxScmxRem (1™ x2"x 3™
Weight: About 1 Kg (2 to 3 Ib {or hand~-held model)

One antenna, circular polarization insensitive to orientation in the
pline of the probe. Pocketssize electronic package., audible f2ik-sufe
alarm, audible hazard alarm,

Developed under contract with USAE Rome Air Development Center,
Rome, New York. Attention: 1. Scherer

Approximately $150

P = 3
Measures power density levels From 0.02 to 200 mW/em= over the
tremendous frequency range of 20 KHz to 12.4 GHz with £ | db,
very compact electronic

General Microwave Corporation

155 Murine Strect i
Farmingdale, Long Iskand. New York 11735
(5161 614-3600

Attention:  Mr. Moe Wind
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INSTRUMENTATION LAB .22D

"MICROWAVE POWER METER
HEWLETT-PACKARD MODEL 432A

e X
2 e @®

1—-—1

6. Detector Requirements and Commercially Available Detectors

d.

Microwaves (contd.)

Class

Principle of
Operation

Sensitivity

and range

Sampling
Performance
Requirements

Features

Cost

Remarks

Address

Lab standard, portable

External temperature-compensation thermistors feed ac/dc bridge,
amplifier, meter read-out

Frequency Range: 10 MHz to 40 GHz
Power Levels: Seven ranges from | pW to 10 mW
Maximum sensitivity: * 0.5 uW

Continuous

Accuracy: 1%
Temperature range: 0° to 55°C

Power: 115 or 230V ac, 50 to 400 Hz, 2.5 watts, optional battery
pack. 24 hours lifetime, $100

Weight: 3.6 Kg (7.9 lbs)

Size: 3ecmW,15.5cm H,28 cm D (5.1"W,6.2”H,11" D)

Automatic zero by pressing a switch, recorder output, Meter igdimtes
Power level (in watts). To obtain power density (in watts/cm=) user
must provide area measurement over which the energy is being collected.
Waveguide {langes available, bolometer sensors available.

Model 432A - $495
Power meter calibrator, Model 8477A - $450

Supercedes model 431C, “The data supplied with each thermistor
mount are traceable to the National Bureau of Standards.” Not
an electromagnetic field monitor for survey use. It is included
since it is a widely used reference instrument for calibrating survey
instruments.

Hewlett-Packard

1101 Embarcadero Road

Palo Alto, California 94303
(415)327-6500 TWX 373-1280
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INSTRUMENTATION LAB 22E

MICROWAVE OVEN LEAKAGE METER
MOLADAY MODEL HI 1500

6. Detector Requirements and Commercially Available Detectors

a.

Microwave (coritd.)

Class
Principle of
Operation

Sensitivity
and Range

Performance

Requirements

Features

Cost
Address

Portable

An antenna array composed of eight diodes is biased for square -
law detection of the electric fields in a plane perpendicular to the
probe axis; amplifier, meter read-out.

Frequency : 2450 MHz
Three ranges: 0-2 mW/cm2

0- 10 mW/cm?

0 - 100 mW/cm?
Maximum power density: 1.5 W/cm2
Minimum measurable flux:

Accuracy: *=1db

Calibrated down to 0.2 mW/cm?2

Time response: For a step input from 0-90% Fast - 1 second
Slow - 3 seconds

Temperature Compensation from 0° C to 50°C

Power: Two 9 volt batteries, 2f6 series, 100 hrs. continuous use
Size: 6cm, 9 cm, 15 cm (2.57, 3.57, 6%)
Weigh‘t: About 1.4 Kg (3 Ibs) -

Measurement independent of field polarization, replaceable probe
spacer cones. Failsafe circuit, battery test circuit. '

3159

Holaday Industries, Inc.
1001 Second Street, South
Hopkins, Minn. 55343
(612) 935-5518
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.INSTRUMENTATION LAB ' 2F

MICROWAVE OVEN LEAKAGE METER
INTERNATIONAL CRYSTAL, MODEL 310

6. Detector Requirements and Commercially Available Detectors

a. Microwave (contd.)

Class
Principle of
Operation

Sensitivity
and Range

Performance

Requirements

Features

. References
Cost
Address

Portable, hand-held oven leakage monitor for 2450 MHz.

Microwave energy induced on a shaped dipole antenna is rectified
using a Hewlett Packard series 2800 hot-carrier diode, the rectified
current drives a 100 1 A meter.

Calibrated at 2450 MHz

Two ranges - 0.4 mW/cm2 to 6 mW/cm2
1.0 mW/cm2 to 23 mW/ci'n2

Maximum permissible flux 500 mW / cnb

Minimum measurable flux 0.25 mW/cm

+ 1 dbat 2450 MHz
+ 20 MHz at 2 inches from source
Rotational error for single polarized signal is 1 db at 30°

Power: Operates on the detected microwave energy
Size: 24cmL,5cmW,5cmH (97 x2” x2")
Weight: 0.3kg (13 0z) ‘

The total power density at any point is the sum of two readings taken
with the probe rotated 90° between readings. No fail-safe mechanism

Manufacturer’s data sheet
$75

International Crystal Manufacturing Company
10 North Lee

Oklahoma City, Oklahoma

Attention: R. R. Freeland, Jr.

(405) 236-3741
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INSTRUMENTATION LAB 22G

MICROWAVE POWER DENSITY METER
MICROLITE 287

6. Detector Requirements and C_ommei'cially Available Detectors

a.

Microwave (contd.)

Class

Principle of
Operation

Sensitivity
and Range

Sampling

Performance

Requirements

Features

References

Cost

Address

Portable microwave survey instrument
Pre-ignited glow tube

Frequency response: 2450 MH& only .
Dim glow occurs at 5-6 mW/cm< , full glow at 10 mW/cm or greater
Continuous

Accuracy: extremely variable device (Reference. 1)
Stability: poor; threshold fluctuations are severe (Reference 1)

Power: 115 VAC
Size: pen-sized
Weight: less than 6.0z.

Small in size

1. P. Crapuchettes, Journal of Microwave Power 4, 138 (1969)

2. USPHS Bureau of Radlologxcal Health Report BRH/DEP 70-20
(August 1970) :

$29.50

[International Crystal Mfg. Co Inc.

10 North Lee
Oklahoma City, Oklahoma 73102
(405) 236-3741
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LS INSTRUMENTATION LAB 22H

MICROWAVE OVEN LEAKAGE METER
MICROWAVE POWER DENSITY METER MODEL 350

—

.
. "

Detector Requirements and Commercially Available Detectors

d.

Microwave (contd.)

Class Portable, hand-held radar and oven leakage monitor
Principle of Thermistor heating by absorbed electromagnetic energy from two
Operation perpendicular broad-band antennas, bridge circuit, meter read-out.
Sensitivity Frequency range: 1to 10GHz 5
and Range Midscale readings 2 mW / cm<“ and 210 mW/cm
Minimum sensitivity: .5 mW/cm
Sampling Continuous
Performance Accuracy: =+ 2db

Temperature range: - 20°C to +40°C _

Calibration: Factory calibrated. Direct reading in mW/cm2
Drift: Compensated by zero-setting via control knob
Ready to read-out after a few seconds warm-up time.

Requirements  Power: 120 mW from internal battery or from an external battery
Space: Transport case 245 x 210 x 200 cm supplied together with a
pocket-size case fqr external battery

Weight: 3.4 Kg

Features Ready to read-out after a few seconds warm-up timé.

References Manufacturer’s specifications :

Cost : $600 (U.S.)

Remarks Reading depends on the orientation of the probe, must balance the bridge
before use '

Address Magnetic AB, Manufacturing Division

Gardsfogdev 18
Bromma, Sweden



INSTRUMENTATION LAB

221

MICROWAVE OVEN LEAKAGE METER
ELECTROMAGNETIC RADIATION LEAKAGE MONITOR,
MODEL 8100

6. Detector Reguirements and Commercially Available Detecton

il

Microwave (Contds

Class

Principle ol
Operation

Sensitivity
and Rarge

Sampling

Performance

Reqquirements

Features

References

Cost
Remarks

Address

Purtable, hand-held oven leakage monitor.

‘Three different probes each having o dynamic range of 23 db which use
thermocouples as the sensing elements, buttery operated, meter readout.

Operated at cither 915 or 2450 MH?

Full scale (two ranges) S be

Probe Model 81 20A, 200 yW/cp=to 2 m\V/cm;

Probe Model 8282A. 2 mW/vm=~ to 20 mWjem=

Probe Modvl 8122A. 20 mW/em? to 200 mW/em2
Maximum permnissible flux = § db above full scale
Minimum meusurable flux « 23 db below highest ful! scale

Continuous, settling time to abtaln reading is from .75 sec fmin)
(35 ms with 8120A) to 3 sec (max) selected by front panel switeh

Manufacturer’s specifications

Probe accuracy & .75 db

Instrument accuraey £ 3% of full svule

Stability 0.5% of full scale

Stability 0.5%/°C max zero of fset, 0.05%/°C temperagure sensitivity

Calibration of probes by manglacturer is at 2 mW/em<= for Models 8120A und
8121A. and 20 mW/um= for Model 8122A

Power: Rechargeable Ni-Cad battery, 2:1 use to charge ratio, 20 hr use
time .
Size: Probe, 11.5™ long x .75" diameter
Meter, 10" x 4.5 2 4"
Weight: 12.5 Ih with case

Color coded probes. § (1 cable, recorder output 100 mV full sk into
100  min, last/skow resy 10 check i peak or average
feakage. Adjustable, sudible slarm, insensitive o polurization

2.} Manufacturer’s duta sheet

h.) Only instrument recommended by R. H. Groom, Chairman. Rudiation
Hazards Subcommitter. A, T. and T.. 295 Broadway. New York,
New York - 10007, (Nov. 19700 .

¢.) Only instrument recommended by Dr. Rubert I'lder. Director of
Llectronics Praducts Div. SIEW during 2 Burcau of Radiclogical
Health committee meeting, (1970)

d.) Edward E. Aslan, "Flectromagnetic Radiution Survey Meter™, (EEE

. Trans. on Instrumentation and Measurement, Vol IM-19, No, 4,

{Nov. 1970y

Three probes and 2 zceo power density simulitor — $960

Best sensitivity und accuracy currently availuble, failsale clreuit
Nan'!u Microwave Corporation

Plainview. New York 11803

Attention:  Edwurd E, Aslan
(516) 4339000
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LS _INSTRUMENTATION LAB 22)

MICROWAVE OVEN LEAKAGE METER
ELECTROMAGNETIC LEAKAGE MONITOR MINI-SURVEYOR
MODEL 8200

Detector Requirements and Commercially Available Detectors

a.

Microwave (Contd)

Class Portable. hand-held oven leakage monitor

Principle ol Three different probes. each having 3 dynamic range of 23 db which use a
Operation thermocouple tas the sensing clement ). amplifier. and meter.

Sensitivity Operation: 2450 M/ R .

and Range Probe Model 8223: 10 mW/eg~ and 100 mW/gm-

Probe Model 8221: 2 mW.em=- und 20 mW/cm=
Maximum Permissible Flux: £ db above full scale
Minimum Measurable Flux: 23 db below highest full scale

Sampling Continuous. 1.2 sec to obtain reading

Performance Manulacturer's specifivations
Meter Accuracy: + 37 of full scale
Probe Accuriacy: +.75db
Stability:  0.57:°C max zero offsgt: 0.05 °C temperature sensitivity
Calibration of Probes! 20 mW:em-
Maintenance:  Available
Response Time: 1.2 sec typical

Reguirements Power: 9V expendable hattery -
Size: Probe 28 emlong, 2emdin (11" L. 34" D
Meter 12em L7 em Wod em M (4.67X2.6"x1.7™)
Weight: Q.6 kg(1.31b)

{'eatures Color coded probes for different ranges. battery test switeh. furnished
wifh one probe

References Manulacturer’s data sheet

Cost Model 8200 inctuding case ; S33§
Each additiona! probe 105

Address Narda Microwave Corporation

Plainview, New York 11803
(516) 433-9000
Attention:  Fdward L. Ashun



LS

INSTRUMENTATION LAB - 22K

MICROWAVE LEAKAGE METER
NARDA MODELS 8300, 8305

MODEL 8300 MODEL 8305 -5

/

. Detector Requirements simd Commercially Available Detectors

a4 Microwiive (contd.)

Cliss

Principle
of Operition

Sensitivity
and Range

Sampling

Performance

Requirements

Fealures

Relerenees
Cost

Adilress

Portable. Handheld

Three mutually perpendicular thermocouples operate in
the square kiw region, amplifier, meter resdout.

Frequency Sensitivity: 300 MHz to 18 GHz(+0.5. -3.0UB)
Power Density: 2mW/em= and 20 mW/em2 (iull scale)
Minimum Measurable Flux: 0.1 mW/em-
Maximum Safe Ulux: (W 100 mW/em-

Peak 20 W/em?

Continuous

Calibration Aceuracy: 20.5dB
Meter Acenracy: £3%
Temperature: 0-85YC
Response Time: Model 8300, 1.2 see 1
Model RB30S5. 1.0 sec in fast position.: peak
3.0 s in slow position., aversge

Madel 8IX) Muode! 8308
Powee 9V, expendable 1574 NiCd, recharge-
able. 20 hours use
at 2:1 use to charpe

Meter Size: 4.5oem. 1.5 em, 25 em, 1 en 10em
Tem(1LE". 0.7, (0™, 4.3, 4™
2.7 :

Probe Size: HE™ Bongth, 0.8 4™ diameter sphere,
dimmeter, 43" length
cable

Weight: 0.7 kg (1.5,1m) 22k (4.7 1)

Isatropiv response. responds (o al) polarizations and diree-
tions, single prohe. dymamic range 23 dB. 200:1

Manutacturer's specilicalions
Model 8300: S1570.  Mwlel 8305 S1970.
Nitrda Microwave Corporation

Plainview. NY 11803
Tel (5101 433-0000
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INSTRUMENTATION LAB 22L

BROADBAND ISOTROPIC RADIATION DETECTOR
NARDA MICROWAVE MODEL 8321 - -

& Detector Requirements and Commercially Available Detectors

a.  Microwave (Contd)

Class

Principle of
Operation

Sensitivity
and range

Sampling

Performance

Features

Requirements

Reference

Cost

" Address

Portable, hand held, broadband, isotropic

Array of dipole anfennas using thin (ilm thermocouples as sensing
clements. Amplifier and metering, Narda Model 8310 or 8315

Operates from 300 Mliz to 18 GHz

Two full scale ranges: 2 and 20 mW/cm=~
Maximum permissible flux: 200 mW/eq~
Minimum measurable Mux: 0. mW/em

Continuous time to obtain reading: 1.2 seconds with 8310
0.75 or 3 seconds with 8315

Calibration accuracy: * 0.5 db (RMS)

Frequency Sensitivity: ¢ 1.0 db from 850 MHZ to 16 GHz
Maximum frequency sensitivity: 3 db from 300 MHz to 18 Gliz
Instrument accuracy:  * 3% full scale

Stability:  0.5%/°C max zero offset. 0.05%/°C temperature sensitivity

Instrumentation similar to 8210 and 8110
Responds to all polarizations and directions of incidence

Power:  None required for detector
Size: 10 cm dia., 36 cm overall length (4™ dia., 4™ long)
Weight: 0.2 kg (0.44 lbs)

Manufacturer’s specifications

8321 detector alone $1.250
8321/8310 metering instrument $1.570
8321/3815 metering instrument $1.970

The Narva Microwave Corporation
Plainview, New York 11803

Attn: Fdward E. Ashin

(516) 433-9000
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INSTRUMENTATION.LAB . 22M

BROADBAND RADIATION DETECTOR
MARDA MICROWAVE MODEL 8521

[N

Detector Requirements and Commercially Availible Detectors

Microwave (Contd)

(lass

Principle of
Openation

Sensitivity

and range

Sampling

Performance

Reqguirements

Refersuees

Cost

Adidress

Portable. hand-held brosdband radiation detector

Arrity of multiple slot antennas using thin film thermocouples as
sensing clements. Amplifier and metering same as Narda Model 8200
or 8100 -

Operates rom 915 MHz 1o 13.8 Gilz
Two full seale ranges: 2 and 20 mW/eny-
Maximum permissible flux = 60 mW/emz
Minimum measurable flux = 0.0 mW/em=

Continuous time to obtain reading: 1.2 seconds with 8200
0.75 or 3 scconds with 8100

Manufacturer's spegifications

Calibration accuracy = £ 0.5 dB (RMS)

Calibration at 915, 1500,2450. 4000. 6000. 8204, ©000. 10,000, 11,000,
12.400 Ml1lz. 13.800

Frequency sensitivity = +1.5 dB from 2,500 MUz to 10 GHz
Maximum frequency sensitivity = 6 dB from 915 MHz to 13.8 GHiz
Instrument aceuracy £ 3% of lull scale

Stability 0.577/7C max zero offset, 0.05%/OC temperature sensitivity

Power:  Nonve required for detector
Size: 20 cm diu. 8 em thick (7.5 in dia., 3 in thick)
Weight: 0.7 Kg (L5 1by :

Manulisctorer’s specifications

8521 detector alone - 3550
RS21/8200 mwtefing instrument - $775
BS21/8100 metering instriment - S1,088

The Nurda Microwave Corporation
Plainview. New York 11803

Tel. (5161 4339000

Attention:  Ldward ¥, Askin
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INSTRUMENTATION LAB | 22N

MICROWAVE ENERGY DENSITY METER

" ELECTROMAGNETIC HAZARD METER, XD-1

6. Detector Requirements and Commercially Available Detectors

d.

Microwave (Contd)

Class

Stage of
Development

Principle of
Operation

Sensitivity
and Range

Perlormance

References

Cost

Remarks

Address

Portable, hand-held field survey instrument

Several prototypes have been buiit at NBS and are in the testing
stage.

Measures cither electric-field energy density or {E) 2 fora three-dimensional
clectromagnetic-fickl configuration. The antenna consists of three

muttally orthogonal dipoles, with diode detectors, followed by three
separate bulfer ampliliers, whose signals are then summed and scaled
clectrontcally.

Frequency response from perhaps 25 MHz to 2500 MLiz (lower limit not yet
yet determined).  Output is read directly in mW/em= (EPE), meaning
“equivalent plane-wave epergy flow™. Dynamic range goes over 4 decudes,
from 0.2 to 200 mW/cm~ (EPE) .

Battery-operated, with lifetime of 50 hours. Stability claimed 0 be
within “a few percent™. Accuracy probably within 2 db over entire
range. Meter read-out.

1.) R. R. Bowman, ct al, “*Second Progress Report, Electromagnetic
Hazards Project,” unpublished NBS Report, Sept. 1970.

2.) P.F. Wacker and R. R. Bownun, “Quantitying Hazardous
Electromagnetic Ficlds: Scientific Basis and Practical Consider-
ations™, IEEE Trans. on Microwave Theory and Tehenigues, Vol.
MIT-19, No. 2, p. 178,

MIT-19, No. 2, p. 178, Feb. 1971.
Unknown

Dcvign has the important design feature of measuring the parameter
TET = which is what is required in the near-ficld hazard problem. It is

LY 2 which is what is required in the near-field hazard problem. It is
dusigned to be insensitive to orientation of the (hund-held) micter, and
to cover a substuntiul portion of the microwave and RF spectrum.

Mr. Ronald R. Bowman
National Burcau of Standards
Boutder, Colorado 80302
(303) 447-1000
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INSTRUMENTATION LAB 220

INTENSITY MEASURING UNIT (POWER SENTRY AS-101)

ELECTROMAGNETIC RADIATION

Detector Requirements and Commercially Available Detectors

d.

Mircowave (contd.)

Class

Principle of
Operation

Sensitivity

and Range

Sampling

Performance

Requirements

Features

Cost

Address

._ Portable, hand-held

The measuring head contains two orhtogonally mounted thermistors which
are compared by means of a bridge circuit with another thermistor which
is shielded from RF power. Tpe ou&-of-balance is shown on the meter
which is calibrated in milliwatts/cm<, :

Frequency: 2450 MHz

Range: 0-20 mW/cm< linear

Minimum measurable flux: lmW/cm2
Maximum measurable flux: ZOm%’/cm2
Overload capability: 200mW/cm

Continuous

Aceuracy (plane wave): -0, +2 db
Time constant: 1 to 3 seconds

Power: one 9 volt battery, 216 serires, draws 4 mA
Size: 30.5c¢m, 10cm, 20 cm (127, 4™, 8™)
Weight: 1.13 Kg (2.6lbs)

Remote operation up to 12 feet, battery test circuit
$375

Rank Precision Industries, Inc.
411 Jarvis Avenue

Des Plaines, I11. 60018

(312) 297-7720



INSTRUMENTATION LAB 22p

MICROWAVE OVEN LEAKAGE METER
REEVELEC MODEL 114

Detector Requirements and Commercially Available Detectors

d.

Microwave (contd.)

Class

Principle
of Operation

Sensitivity
and Range

Sampling
Performance

Requirements

Cost
Remarks

Address

Portable, fits in shirt pocket

Glow lamp changes color to incident energy

Frequency: 2450 MHz

Ranges: not applicable

Minimum measurable flux: lmW/cm2

Maximum measurable flux: at least 100 mW/cm2

Continuous, when button is held down

Response time: about one second

Power: One 9 V battery

Size: 9 ¢m, 7cm,2cm (3.6”,2.6”x0.8™)

Weight: 0.12 Kg (4 0z.)

$69.50

No meter for quantitative read-out, sensitive to orientation
Reevelec, Inc.

609 West Lake Street

Chicago, Illinois 60606

Attn: William J. Madeley
(312) 7269755
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LS INSTRUMENTATION LAB 22Q
.WAVELINE 1200D
DENSIOMETER AND ANTENNA ASSORTMENT
Crs &
=
4]
6. Detector Requirements and Commercially Available Detectors
a. Microwave (contd.)

Class Portable, Hand-held
Principle of
Operation Theérmistor
Sensitivity and Power: 2dB above lOmW/cm2
Range 10 dB below 10mW/cm?2
Sampling Continuous
Performance
Requirements 2 1.5 V Batteries
Features dB above and below mW/cm? meter readout
References Manufacturers Spec.
Cost
Remarks
Address ~ Waveline, Inc.

P.O. Box 718

West Caldwell :

"New Jersey 07006

- 39




LS INSTRUMENTATION LAB 23

ULTRAVIOLET DETECTOR REQUIREMENTS

1. SENSITIVITY RANGE OF .1uW/cm?
BIOLOGICAL WEIGHTING OF SPECTRAL INFORMATION
HAND-HELD, PORTABLE

METER-READ-OUT, FAIL-SAFE INDICATOR

N

6.  Detector Requirements and Commercially Available Detectors (contd.)

_b. Ultraviolet

1) uv instrument,,s are required with sensitivities in the range
of 0.1 uW/cm=.

2) Some way of introducing the biologically-weighted
spectral information (actinic) into the instrumentation
is valuable: In cases where the UV exposure is over a
broad-band region it is essential.

3.) The device should be a hand-held mster which can measure
both absolute flux in units of W/cm< using a flat fre-
quancy response, and a biologically-weighted flux.

4) The device should have a meter-read-out-fail-safe
indication.

40
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INSTRUMENTATION LAB 26A

ULTRAVIOLET MONITOR
IL 600/IL 660 RESEARCH PHOTOMETER

e T o 9 o

s
e

Detevtor Rapureannts and Conmmercially \vanlabke Defectorns

h.

Uliravaoket (¢ ontdd

Tl

Principhe

ol Operaton

Senshivity
and Rangy

abmratons standard research ssioomem

Lises g phatomutigpher couphad 10 the 11V sowree through one

"
L1

b oseseral Dlters Reads wsteasidy m mserosmyms, a uihbra-
e Loy et then be s o convert o Nus density

AWy

Nine over hippimg canges lrom 001 to 100 Ay Fulbwake

W sty down (o d\l()""‘ Wiem=.

Senuw S4. Spevtral e < 320-00d) mn

Peak naprura - 40U nm

Semwor 85 Spectral range - 220-060 nm

Prak raponse = 340 nm

Samphng ¢ ”

Pertormance Measirenrent accuracy 10 on all ranges
Fliecthive aperture 1776

Revyurements Power 115 VAC or rechargeabde Ni<'d hatlery with S-hour

litetinw
Size. ™ wide © S7 high 1 7" deep (27 cm x Hdem < 10 em)
Woight 10 1h (4.5 Kg)
Festures Lo Dattusuns attachownis.  coliects and colhnates ditYise
figght

2. e, to rduce wisitive ares il desired

1 Attematon and tilters: suppled as royuired

4. Meter read-oul: recorder<onailioscome resdout sho
availahike

S Ingtal integranor y (184,620 Jdomi )
™ available fir dejermivation of total encrgy overtime
t Pqumdx.'« m=)

Remarks Lhe v an extremely soensvtive Laboratory researcl) insdruneent,
nut devged (or lichlsursey use  However, it is il lor
sirwey pugpsoses by the U0 S P TLS. Nabsonat Institute of

. Ovcugational Sutety and Thealth, Cinarnnate. Ohso (1. Dobbhim,
privaic communwalon ),

Relerenves tape. B and Ryer, D V. *How (o Meaase | ight™,

- International | ight. Inc. ¢

Cont 11060, Rescarch photometer SO48
T1L-060): Paostomuttiplier power supply $479
PM- 2000 BIS4) 0 CES-5) serrex PM assembie S14% .
1L-620: Dautal photadosimeter S99

Addres International Light. Inc.

Devter Indintrsal Geeen
Newhuryport. Maw 01950
1061 7) 4683423
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INSTRUMENTATION LAB 24B

INTERNATIONAL LIGHT IL530 ACTINIC RADIOMETER

Detector Requirements and Commercially Available Detectors

b.

Ultraviolet (contd.)

Class

Principle
of Operation

Sensitivity

Sampling
Performance

Requirements

Features

References
Cost

Remarks

Address

Laboratory-Standard Research Instrument

Uses a vacuum photodiode coupled to the UV
radiation through a filter

Spectral sensitivity 235 to 340 nm peak at 270nm.
Minimal detectable level 1x107° watts full scale

—

sz

Continuous

Measurement accuracy 1% (electrical, all ranges)

Power: External 115 AC or 230 AC 50-60 Hz
Size: 11" x71/2” x5
Weight: 6 1/4 Ibs.

Meter Readout, Ambient Light Compensation, W/cm2

Readout, Recorder-Oscilloscope Output
Manufacturer’s specification sheet
$834

The detector head spectral sensitivity closely
matches the present NIOSH values,

International Light, Inc.
Dexter Industrial Green
Newburyport, Mass. 01950
Tel: (617) 465-5923
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INSTRUMENTATION LAB 24C

INTERNATIONAL LIGHT IL730 ACTINIC RADIOMETER

6. Detector Requirements and Commercially Available Detectors

b.

Ultraviolet (contd.)

Class

Principle
of Operation

Sensitivity
and Range
Sampling
Performance

Requirements

Features

References
Cost

Remarks

Address

Laboratory-Standard Research Instrument

Uses a vacuum photodiode coupled to the UV
source through a filter

Spectral sensitivity 235 to 340 nm peak at 270
Minimal detectable level 1 % 109 watts

cm2
Continuous
+ 2% spectrally - + 1% linearity

Power: External 115 AC or 230 AC 50-60 Hz
Size: 11" x5"X7”
Weight: 15 lbs.

Digital readout, ambient light compensation W/cm2
readout, recorder-oscilloscope output, integrate mode.

Manufacturer specification sheet
$£1334.00

The detector head spectral sensitivity closely
matches the present NIOSH values.

International Light, Inc.
Dexter Industrial Green
Newburyport, Mass. 01950 (617)465-5923
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INSTRUMENTATION LAB

24D

ULTRAVIOLET MONITOR
BLAK RAY UV INTENSITY METER

6.

Detector Raguirements and Commercislly: Avarlable Dretecton

h. Ultravmrler of anila

[§ SN Hand-held, portable meier
Princpie Anaplical Blter and photosolizse ool seisitive to ultes-
ol Operatum skt rigaition deves . meter, read-ont calibrated n

,4\""m° vl

Sceumtivaty Spedtral Range
aml Ranp” Moddet J- 221 M) s - 400 nm with imam pesk @ 368 nm
s MeedlJ-2250 220 nm - 280 s with main peak @ 2S4 nm

Sceostivny - Ranpe AL u~l_‘ll),uwlvn|: "
Ramgee B 10000 paW fem =

Minnmum nwisurabhe Nuxe :();Awlcm-‘ s 5
Maximum nweasurable flux.  about JJ.(II)}A Wicm=

Sompling € ontinmnn

Bertormanee Iragking preceson + € when geadings are greater than
200 Wrem=
. whey readings are kess than
2000t i
Alrolote acvnracy 12221 4 1877 @ 308 am
228+ IS, = 284 nm
Indarad seosin iy . bess than §7 0 comergy peaiks wit hout
contact liller
Viuble wasitivity — none up 10 40 foot candhes

Reyureawnts  Power none eegaieesd, operated o LV radiation
Size Naumcube (37 culw)
Net wopht O 5 Kpoliv

Features T senvsasr cell can e sl remotely with extension and.
A stap=on ot Tilter absorbees il uliavioket which
allows iwasurig The visshle amd lraral interierences,

Retoerenans Manutuchurer's specibicstnns

tand Mandel 1221 N 24050
Mandel 1226 820 S0

Remarks This instriiaeng s aneiob naaty 1or imbustrat applivation,.
St s (o measane imtensines wnder peennenkaf amps. W
L hs subbient ity o by g asclul sirvey nweter a1
e dow 100 SaW cn-) kesels where cnvironmental bazaeds cas,

Addibress Ulira-Violet Prosducts, fog.
SH14 Walnat Coronve Nvenae &
San Gabrwet, Cal, 91 77%
[N RIS T
Attention. Lee W Paves
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LS INSTRUMENTATION LAB. 25

LASER DETECTOR REQUIREMENTS

1. SENSITIVITY - 1,W/em?
2. RANGE - ULTRAVIOLET, VISIBLE, NEAR INFRARED
3. AMBIENT LIGHT COMPENSATOR - REQUIRED

4 SOLID ANGLE SENSITIVITY - COMPARABLE TO
HUMAN EYE

6. Detector Requirements and Commercially Available Detectors (contd.)
¢. Laser

Avariety of instuments are available that measure the power

of laser beams. However, the problems encountered in measuring
the environmental or industrial hazard due to dispersed and
reflected beams require an instrument to meet more stringent
design specifications. The following list of items needs

to be considered when buying a laser hazard monitor.

1.) Sensitivity: The instrument should be sensitive to at.least
1 pW/cm' for low-level occupational exposure to continuous
wave: lasers.

2.) Bandwidth: The instrument should cover the ultraviolet,
visible, and near infrared regions. A variety of easily
mounted optical filters would provide selective sensi-
tivity to different wavelengths.

3.) Ambient Light:If the instrument has the required
sensitivity and bandwidth, then it will respond to
room lamps, sunlight, and specular reflections. Two
measurements, with and without the optical filter,
will provide the user with both the total intensity
and the contribution from one wavelength.

4.) Geometric Acceptance: The solid angle of sensitivity
should be similar to the human eye! If the acceptance
is too narrow then a significant reflection may not be
detected; if it is too broad then it is difficuit to
find the source.
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LS |- INSTRUMENTATION LAB

LASER DETECTOR REQUIREMENTS (CONTD.)

5. DYNAMIC RANGE - HIGH
6 MODULATION - AVERAGE AND PEAK

7. PEAK FREQUENCY RESPONSE _  GRAPHICALLY
AND DUTY CYCLE DESCRIBED

a ACCURACY - * 15%

6. Detector Requirements and Commercially Available Detectors
¢. laser(contd.)

5) Dynamic Range: Since a specular reflection may be 10%
(or more) of the energy in the beam, the instrument
should be able to measure high doses without burning
out.

6) Modulation: Continuous wave and pulsed lasers may be
modulated, which will affect the temporal rate of
deposition of energy. Both average (for CW) and peak
(for Qswitched) readings should be provided:

7) Frequency Response: The peak frequency response
(maximum repetition rate) and the highest measurable
duty cycle should be graphically described, illustrating
the | db and 3 db points.

8) Accuracy: Since the difference between *“safe” and

“unsafe’ is not a precise discontinuity, the instrument
does not require extremely high accurace (e.g. + 15%)
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INSTRUMENTATION LAB 27

10.
1.

12,

LASER DETECTOR REQUIREMENTS (CONTD.)

FEATURES: RUGGED, COMPACT, LIGHT WEIGHT
RECHARGEABLE ETC. .

CALIBRATION - INDEPENDENT SOURCE
APERATURE STOPS - 7MM & 1 MM

SENSITIVITY/AREA - CONSTANT = 10%

6. Detector Requirements and Commercially Available Detectors

c. Laser (contd.)

9.

10.

11.

12.

Engineering Features: The usual objectives of all
survey instruments (e.g., lightweight, rugged, compact
rechargeable, inexpensive) should be provided. Options
(e.g., audible alarms, and recorders) may be usefull for
some applications.

Calibration: An independent calibrated source should be
available to allow a complete check of the instrument’s
operation from sensor to the readout, for fail-safe
operation.

Aperture Stop: The aperture stop should be similar

to a fully dilated human eye (7mm dia.) over the

visible light range (400 to 1400). For wavelengths

from 0.1 to 400 nm and from 1400 to 10° nm the stop
should be | nm in diameter.

The relative sensitivity per unit area should be constant

within + 10% across the aperture stop when mapped with
a 1 nm diameter beam.
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INSTRUMENTATION LAB

28A

COHERENT RADIATION, MODEL 201 POWER METER

6. Detector Requirements and Commercially Available Detectors

c.

* Laser (contd.)

Class

Principle
of Operation

Sensitivity
and Range

Sampling
Performance
Requirements
Features

Cost

Remarks

Address

Portable

Thermal Disc/ Th&mopile

Power Range: | - [00 W

Wavelength Range: 300 nm-30um
Continuous

Response Time | sec, + 5% accuracy
115/230 VAC or 2 Mallory 12.6 V batteries

Manufacturer’s specification sheet

Coherent Radiation

3210 Porter Drive

Palo Alto, California 94304
(415)493-2111
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INSTRUMENTATION LAB

288

COHERENT RADIATION, MODEL 210 POWER METER

6. Detector Requirements and Commercially Available Detectors

Ci

Laser (contd.)
Class

Principle
of Operation

Senistivity
and Range

Sampling
Performance
Requirements

Features

References
Remarks

Address

Portable

Thermal Disc/Thermopile

Power Range: .3-10. W

Wavelength Range: 300 nm-30 p m
Continuous

Response time | sec, + 5% accuracy

4 RCA 9 V batteries

Adjustable stand, battery-operated,control
indicator unit, variable aperture attachment

available

Manufacturer’s specification sheet

Coherent Radiation

3210 Porter Drive

Palo Alto, California 94304
(514)493-2111
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INSTRUMENTATION LAB 28C

COHERENT RADIATION, MODEL 212B POWER METER

6. Detector Requirements and Commercially Available Detectors

C.

Laser (contd.)

Class

Prinicple
of Operation

Sensitivity

Sampling
Pertormance
Requirements

Features

References
Cost
Remarks

Address

Portable

Silicon Cell

Power Range: .1 - 100uW or | - 100mW with attenuator

Wavelength Range: 440 -nm- 1100 nm
Continuous

Response time 200us (min) + 5% accuracy
4 Mallory 8.1 V batteries

Tubular light shield to restrict ambient light,
illuminated meter readout, zero suppression

control,battery operated.

Manutacturer’s specification sheet

Colierent Radiation

3210 Porter Drive

Palo Alto, California 94304
(415)493-2111
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INSTRUMENTATION LAB 28D

COHERENT RADIATION, MODEL 213 POWER METER

6. Detector Requirements and Commercially Available Detectors

C.

Laser (contd.)
Class

Principle
of Operation

Sensitivity
and Range

Sampling
Performance
Requirements

Features

References
Cost
Remarks

Address

Lab Standard

Thermal Disc/Thermopile

Power Range: 100 W - 1000 W -

Wavelength Range: 300 nm-30um
Continuous

Response Time/Sec, + 5% accuracy

115 V/230V AC

Water cooled broad band sensor, adjustable
table top stand, illuminated readout meter,
automatic ambient temperature compensation,

output jack.

Manufacturer’s specification sheet

Coherent Rudiation

3210 Porter Drive

Palto Alto, California 94304
(415)493-2111
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INSTRUMENTATION LAB 28E

EG&G 450 RADIOMETER/PHOTOMETER

6.  Detector Requirements and Commercially Available Detectors

<

Laser (contd.)
Class

Principle
of Opcration

Sensitivity
and Range
Sampling

Requirements

Features

References
Cost
Remaurks

Address

Portable

Silocon Photovoltaic Detector

Sensitivity: 10-'! w/em? i
Power Range: 2 x 10% W/em=-2 x 1073 W/cm2
Wavelength Range: 200 nm - 1150 nm

Continuous (Intergrator Optional)

115V or 220V 4 Watts 50/60 Hz
81/4™ x 3™"x71/2" -4 Ibs.

Digital Readout. Zero Ambient Compensation Readout

in 4 Optical Units.

Manufacturer’s specification sheets

Accessories Available

EG&G. Inc.
Electro-Optics Division
35 Congress Street
Sulem. Muss. 01970
(617)745-3200
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INSTRUMENTATION LAB 28F

EG&G 450 PHOTOMETER/RADIOMETER

6. Detector Requirements and Commercially Availble Detectors

C.

Laser (contd.)
Class_

Principle
of Operation

Sensitivity
and Range
Sampling
Performance

Requirements

Features

References
Cost
Remarks

Address

Portable

Silicon Photovoltaic Detector

Sensitivity: 10-12 W/rgnz
Power Range: 2 x 107 -2 x 1073 W/cm?
Wavelength Range: 200-1150 nm

Continuous (Integration Module Optional)
<3 sec.

115V or 220 V 50/60 Hz 12 Watts
11" x 3" x9"-7Ibs.

+ 5% accuracy response time

Zero/Ambient Compensation, Analog Output
Unit Selction - 10 Optical Units, 2 Electrical
Digital Readout, Autoranging

Manufacturer’s specification sheet

Accessories Available

EG&G, Inc.
Electro-Optics Division
35 Congess Street
Salem, Mass. 01970
(617) 745-3200
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LS INSTRUMENTATION LAB 28G

EG&G 550/585 SPECTRORADIOMETER SYSTEM

*COMPLETE SYSTEM NOT SHOWN

6. Detector Requirements and Commercially Available Detectors
¢.  Laser(contd.)

The Model 580/585 Spectroradiometer Systems is a flexible system.

Features and Capabilities:
Measures CW and pulsed sources
Eleven - Decade dynamic range
Spectral range from .2 to 3.2 um
Usable as a photometer and radiometer

Autoranging. digital, recorder, BCD and oscilloscope
readouts

Portable for use in ficld, laboratory production line,
and inspection stations

Digitual grating. monochromator
Telescope, microscope, and fiber optic accessories

For complete details on entire system write:

EG&G, Inc.
Electro-Optics Division
35 Congess Street
Salem, Mass. 01970
(617) 745-3200
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INSTRUMENTATION LAB

28H

Detector Requireiments and Commercially Available Detectors

C.

Laser teontd.)
Class

Stage of
evelopment

Principle
of Operation

Sensitivity

Cost

Address

Portable

Prototype being evaluwated by U.S. Bureau of Radiological
Tleatth

Optical ibvput has four {iber-optic bundles which feed four
detectors. Detectors are silicon PIN photosensitive diodes.
each connected to a separate teinporal range . Each of
the tour cach connected to o separate integrator

=channels has a different response characteristjc with a flat

response over a separate temporal range (107to 1077 sec:
q g

107010 107 sec: 10 to 107 see: 107 to 107! sec). The read-

out is in terms of a biologically-weighted *“hazard Cactor™ ,
(defined as the ratio of level being measured to

threshold). The biological weighting is accomplished within
the electronics.

(1) Basic spectral sensitivity is [rom 400 to 1100 nm, spectrally

corrected from the human cye’s spectral sensitivity.

(2)  Aperture has disgmeter ol 7.5 mm which simutates a (ully

dilated human eye.

{3} Unit is capable ol integrating laser pulses or pulsc trains of

duration from 10-8 scconds to CW,

(4) Normal angular lield of view is about 60 degrees: narrow

ficld adapter und sun<shield is provided as an accessory.

{5) Sensitivity is over range of “hazurd factor” from 0.1 to

1000 (where 1000, o example, would be the very hazard-

ous condilion in which the measured level exceeds the
threshold-damage level of by a lactor ol 1000).

$10.800 plus $250 per calibrated wavelength channel

International Laser Systems, Ine.
3404 N. Orange Blossom Trail
Orlando, Floridu 32804

(305) 2954010

Attn: Mr. Graham Flint
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INSTRUMENTATION LAB

INTERNATICNAL LIGHT IL 500 RADIOMETER

6. Detector Requirements and Commercially Available Detectors

C.

Laser (contd.)

Class

Principle of
Operation

Sensitivity

Sampling
Performance
Requirements
Features
References
Cost
Remarks

Address

Portable

—_ et
T g e ~

Vacuum photodiode or phot{pmﬁlﬁplier

S e

Sensitivity: 3.6 x 10-9 Watts with vac photodiodes
cm

3.6 x 10-13 watts with photomultiplier
cm

Wavelength Range: 220 nm - 1200 nm detector
Continuous

Better than + 1% accuracy on all ranges

65-135 or 270 VAC 50-60 Hz or 10-28 VDC Battery

Meter readout, ambient light compensation,recorder output.

$495.00 (excluding detector)
Full line of accessories available
International Light Inc.

Dexter Industrial Green

Newburyport, Mass. 01950
Tel. (617) 465-5923
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INTERNATIONAL LIGHT
IL 700 RADIOMETER

6. Detector Requirements and Commercially Available Detectors

C.

Laser (contd.)
Class

Principle of
Operation

Sensitivity
and Range
Sampling
Performance

Requirements
Features

References
Costs
Remarks

Address

Portable

Vacuum Photodiode

Sensitivity: 1 x 10-13 watts/cm?2
Wavelength Range: 240 nm - 1100 nm
Power Range: 20 decades

Continuous or pulsed

Better than + 1% accuracy

95-135 or 190-270VAC,50-60 Hz or 10-28 VDC from self-
contained battery

Digital readout, continuous and pulsed modes, illuminated
exponent, indicator, chart recorder output

Manufacturer’s Spec Sheet

International Light, Inc.
Dexter Industrial Green
Newburyport, Mass. 01950

Tel. (617) 465-5923
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. 504 LASER POWER METER

6. Detector Requirements and Commercially Available Detectors

C.

Laser (contd.)
Class

Principle of

" Operation

Sensitivity

Sampling
Performance

Requirements

Features

References
Cost
Remarks

Address

Portable

Silicon Cell

Power Range: .2 mW -10 watts (with optional attenuator)
X Range: 400 nm- 1100 nm

Calibrated Wavelengths: 440 nm - 680 nm

Continuous

Accuracy: * 5% full scale at 488 nm

Self Powered - no batteries required
5.8 x4.7°x3.5” 3.31Ibs

Dial-in wavelength calibration over visible range, 0-S0 mv
recorder output, no zeroing adjustment, indicator unit is
trunnion mounted .

$495.00

Lexel Corporation

928 East Meadow Drive
Palo Alto, Calif. 94303
Tel. (415) 328-3466
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SERIES 36 SCIENTECH LASER POWER METER

6.  Detector Requirements and Commercially Available Detectors

C.

Laser (contd.)
Class

Principle of
Operation

Sensitivity
and Range
Sampling
Performance
Requirements

Features

References

Cost

Remarks

Address

Laboratory

Disc Calorimmeter. thermopile

Sensitivity: 10 pw

Power Range: 10 uw - 10W (300W using beam sampler)
Wavelength Range: Flat from 250 nm - 35000 nm

CW or pulse energy

+ 3% Accuracy, time constant 14 sec

Calorimeter: 2.5” Dia 4" long 1.8 lbs

Meter Readout, Manganin heater calibration, recorder output,
precision integrator.

Manutactures Specifications Sheet

1" Disc Calorimeter $375.00

Power Indicator for 17" Disc Calorimeter (9 ranges) $575.00
Isoperibol Enclosure $175.00

Beam Sampler $325.00

4" Disc Culorimeter available, economy readouts available,
accessories available

Scientech. Inc.

1724 14th Street

Boulder, Colorado 80302
Tel. 303/44-13061
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28M

SPECTRA-PHYSICS 404 POWER METER

6. Detector Requirements and Commercially Available Detectors

C.

Laser (contd.)
Class

Principle of
Operation

Sensitivity
and Range

Sampling

Performance

Requirements.

Features
References
Cost

Remarks

" Address

Portable

Power Range: | mw - 200 W (with attenuators)

Sensitivity: | ma/mw

Wavelength Range: 450 nm - 900 nm

Frequency Response: 30 KH Least sensitive scale
S KH Most sensitive scale

Continuous

Response + 15% 450-900 nm

21-1/2 v;)lt batteries

Meter Readout, recorder/oscilloscope output jack

Manufactures specificaitons sheet

Spectra-Physics
1250 West Middlefield Road
Mountain View, Calif. 94042

Tel. (415) 961-2550
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INSTRUMENTATION LAB

28N

111A PHOTOMETER/RADIOMETER

Detector Requirements and Commercially Available Detectors

<.

Lascr (contd. )
Class

Principle of.
Operation

Sensitivity
and Range

Sampling

Performance

Requirements

Features

References
Cost

Remarks

Address

Laboratory Standard

Silicon Photadivde

Sensitivity 10711 watts

Ranges 10-3 103 uw. 100% overranging, 2001100 nm
depending on sensor

Hertz u watts

17 103
1.1 12
230 10!

1700 100
1000 102
1000 103

1% lincarity . £ 27 stability for 6 mo. 2% calibration

Power:  115/230 volts, SO/60 H,,, 8 watts
Weight: 6 lbs Size: 8-1/2"x 4" x 1™

Digital Readout. ambient light compensation. analog and
BCD output. cemote sample and hold control

Manufacturens Specilications Sheet
$1295.00

The TTEA s furshed with a maind and carryimg case.
Vanous sensing heads and tiltens are available,

United Detector Technology. Inc.
1732 21st Street
Santa Momica, CA Y0404
Teb. 1213) x29-358%7 .

61




INSTRUMENTATION LAB 280

21A OPTICAL POWER METER

6. Detector Requirements and Commercially Available Detectors

C.

Laser (contd.)
Class

Principle of
Operation

Sensitivity
and Range

Sampling
Performance
Requirements
Features

References
Cost

Remarks

Address

Laboratory Standard

Silicon Photodiode

10-10 watts resolution on most sensitive range

Ranges 10-10 watts - 1 watt (10 watts with optional
accessories)

380 nm - 1150 nm Standard

250 nm - 900 nm Optional UV (109w - 1 mw)

450 nm - 950 nm Optional Flat Response

Continuous

1% linearity
+2% stability for 6 mo.
+2% calibration accuracy

115/230 volts  50/60 H,, 8 watts
3-1/2x8-1/2"x10” 6 lbs.

Digital readout, direct power readout, analog and BCD
outputs, ambient light compensation

. Manufacturers Specification Sheet
$895.00

The UDT 21A is furnished with a manual and carrying case.
Various sensing heads and filters are available.

United Detector Technology, Inc.
1732 21st Street -
Santa Monica, CA 90404

Tel. (213) 829-3357
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UNITED DETECTOR TECHNOLOGY

51A LASER ENERGY EVALUATOR

6. Detcctor Requirements and Commercially Available Detectors
c.  Laser (contd.)
Class Portable

Principle ' Seven mm diameter aperture, subtractive filter, silicon
of Operation photodiode. amplifier, meter readout.

Sensitivity Sensitivity: 350 to 1150 nm - flat response 450 to 980 nm
and Range with mult. for 1060 nm

Energy Range: .02 to 30 microjoules and .06 to 10

milliwatts

Sampling Puised: Up to 150 pulses/sec, dispiays max.

Continuous: Displays max. value
Performance Accuracy: *10% absolute to N.B.S., continuous and

pulse

Stability: Silicon sensor £+2% per six months
Temperature: 0 to 40°C

Requirements  Power: Cells; 50 hours min.
Size: 25cmx 10cmx 7.5 cm
Weight: 1.35kg(31b.)

Fcatures N.B.S. standard calibration
References Manufacturer’s specifications
Cost $1450.

Address United Detector Technology

1732 21st Street

Santa Monica, CA 90404
Attn: Mr. George Richardson
Tel. (213) 829-3517 .
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UNITED DETECTOR TECHNOLOGY

-

40X OPTO-METER

soc et Requarements it Commuaercially: Avaitable Detectors (contd.)

I awer
Class

Principle ol
Operation

Sensitivity
and Ranee

Scunpling
PPertonmanee
Regquarements

Keterenees

( n\l
Remarks

\eddress

Portable tickd survey meter

7 mm diameler aperture (simalates lly dilated human
ey hacked by a photo-diode circuit.,

Spectral Response: 350-100 nm (flat from 420 to 940 nm)
Mimimum Sensitivity: About 0.1 uJ pulsed )
Ranges: Pubsed O-1 pd . 0-3 pd 0-10 u)

Continnous Wave -3 mW, 0-10 mW

For pudsed laser umit sumples up to 100 pulses/see. For
continttous wave fasers, unit gives watts into 7 mm
diameter aperture.”

Accuracy: Iy,
Stabiluy: 277

Power: Two replaceable mercurey batteries SO hr opera-
tion (minimum)

Size: 3TNAUNTT tapproximate)

Weight: 3 1bs .

a) Developed under contract with U.S.ALLE. School of
Acrospace Medicine, San Antonio. Texas. Attention:
Capt. Donald Marston

b Mects USALE. regulation AFM-161-8, April 1, 1969

Meter about S1O00
LI-D calibration source about $200

Light envitting diode calibration souree provides tail-sate
vircuid

United Detector Technology
1732 21st Strect

Santa Monica. Calilornia
Atin: Mr. Geonge Richardson
lel (2130 829-3517
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28R

80X OPTO - METER

6. Detector Requirements and Commercially Available Detectors

C.

Laser (con!d.)

Principle of
Operation

Sensitivity
and Range

Sampling

Performance

Reguirements

Features

References
Cost

Remarks

Address

Silicon Photodiode

Sensitivity: 10-10 wart

Ranges: .01 uw - 104 uw (15 watt/cm2 with optional
accessorics)

350 nm - 1100 nm Standard

250 nm - 1100 nm Optional

Continuous

1% linearity
+2% stability for 6 mo.
+5% calibration accuracy

4 1.25 V Size D NICAD Batteries
115/230 V 50/60 H,
10" x 6-1/2%2-1/2"" S Ibs.

Digital readout, analog and BCD output, battery or line
powdered, external gain control.

Manufacturers Specification Sheets
$975.00

UDT 80X includes manual and carrying case. Additional
accessorics available.

United Detector Technology, Inc.
1732 21st Street

Santa Monica, CA 90404

Tel. (213) 829-3357
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PHASE |. FAMILIARIZATION TO RADIATION DETECTORS
MICROWAVE
ULTRAVIOLET
LASER

PHASE 1. SENSING ELEMENTS

C. STUDENTS LABORATORY EXERCISE

1.

Introduction

The students laboratory exercise will be conducted in two phases. During Phase |
the students will use the microwave detectors to monitor a microwave signal
source, the UV detectors to monitor a sunlamp and the laser detectors to moni-
tor a laser. Comparisons of the detectors for a given source will then be made.
During Phase II the students will have the opportunity to handle and observe the
detecting elements from various types of detectors. They will make sketches of
the sensing elements and record what parameter varies with incident radiation.
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MICROWAVE OVEN
(MAKE READINGS AT
MAXIMUM POINT OF
DETECTED LEAKAGE)

WAVELINE
12008 : NARDA

Phase |. Familiarization with Radiation Detectors
a. Microwave
(1) The instructor will set up the equipment and detectors as shown in

Figure 30. The microwave signal source and detectors w:ll be turned
on, zeroed and will be ready for use.
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LS INSTRUMENTATION LAB 31

LOCATION OF |WAVELINE| NARDA | NARDA | HOLADAY
READING 12008 8100 | 8200 ‘| MI 1500

2. Phasel. Familiarization with Radiation Detcctors
a. Microwave (contd.)

(2) Make mcasurements with the 1200B Densiometer, the Narda 8100 and
8200, the Holaday HI 1500. Record values on Figure 31.
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MICROWAVE INSTRUMENTS

WAVE

SENSOR |POWER :
[INSTRUMENT] TYPE |RANGE IhE‘I\\lh?él'El-i ACCURACY | COMMENT

WAVELINE
12008

NARDA )
8100

NARDA
8200

HOLADAY
HI 1500

Phasc I. Familiarization with Radiation Detectors
a. Microwave (contd.)
(3) Record in Figure 32 the specifications, of the instruments used in

step 2. Use the information provided in the Manufacturers Specifica-
tioris section.
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2. Phasel. Familiar_ization with Radiation Detectors (contd.)
b. Ultraviolet

(1) The instructor will set-up the equipment and detectors as shown in
Figure 33. All equipment will be turned on, zeroed and will be ready
for use.
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LS INSTRUMENTATION LAB 34

DISTANCE 1L600 iIL700 COMMENT
TO SOURCE
HA X 90.8=
¥ W
cm?

2. Phase . Familiarization with Radiation Detectors
b. Ultraviolet (contd.) -

(2) Make measurements using the IL600 Photometer and IL700 Radiometer.
Record data in Figure 34.
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LS INSTRUMENTATION LAB 35

ULTRAVIOLET DETECTORS

POWER |WAVELENGTH
INSTRUMENT TYPE RANGE RANGE ACCURACY

1L.600

IL700

2. Phase I. Familiarization with Radiation Detectors
b. Ultraviolet (contd.)
(3) Record in Figure 35, the specifications, of the instruments used in

step 2. Use the information provided in the Manufacturers specifica-
tions section.
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LS INSTRUMINTATION LAB 36

1 &
j
HeNe LASER
)

E—
@)

e 19
. ———

—_

[= =—==]}1]

SCIENTECH 382

2. Phasel. Fz;miliarization with Radiation Detectors (contd.)

c. Laser

(1) The instructor will set-up the equipment and detectors as showﬁ in
Figure 36. The laser and detectors will be turned on, zeroed and will

be ready for use.
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LS INSTRUMENTATION LAB 37

DISTANCE TO IL700 382 COMMENT
SOURCE

2. Phase I. Familiarization with Radiation Detectors

¢. Laser (contd.)

(2) Make measurements using the Scientech 362 and IL700. Record values
on Figure 37.
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LS INSTRUMENTATION LAB 38

LASER DETECTORS
INSTRUMENT | SENSOR | rOwER WAVELENGTH | accumacy COMMENT
SCIENTECH
2
1IL700

2. Phase . Familiarization with Radiation Detectors
c. Laser (contd.)
(3) Record in Figure 38, the specifications of the instruments used in 4

step 2. Use the information provided in the Manufacturers specifica-
tions section.
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LS INSTRUMENTATION LAB 39

SENSING ELEMENT

WAVELENGTH RANGE

OUTPUT

Phase II. Sensing Elements

a. Examine and make sketches of the phototube, photomultiplier, photo-
conductor, photocell, thermistor, varetter, calorimeter, hot carrier diode
thermocouple and thermopile.

b. Make your sketches on Figures 39 to 48. Fill in the information
required .
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COURSE OUTLINE

VI.

MICROWAVE LAB

A.

€.

INTRODUCTION
1. Objectives
2. Overview
3. Equipment
4. Precautions
INSTRUCTOR'S DEMONSTRATION - LECTURE
1. Introduction
2. Detection of Microwaves
3. Laboratory Equipment
a. Microwave Source
b. The Waveline 1200 B Densiometer
c. Using the Waveline 1200 B Densiometer
d. The Narda Model 8200
e. Microwave Oven
4. Survey Technique
Introduction
General Information
Hazard Determination
Environment
Personnel
Personnel Protection

Certification
Comment

SR Hh O AN TR

STUDENTS' LABORATORY EXERCISE
1. Introduction
2. Phase I. Survey of Microwave Sources

a. Microwave Oven Survey
b. Microwave Survey of a Signal Generator

3. Phase II. Properties of Microwaves

a. Polarization
b. Shielding
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Lé MICROWAVE LAB _ 1

OBJECTIVES

1. TO REVIEW MICROWAVES AND
MICROWAVE DETECTORS

2. TOBE ABLE TO PERFORM A
MICROWAVE SURVEY

3. TO OBSERVE MICROWAVE
POLARIZATION AND SHIELDING

MICROWAVE LAB

A. INTRODUCTION

1.

9

Objectives -

a. To review microwaves and microwave detectors
b. To be able to perform a microwave survey

c. To observe microwave polarization and shielding
Overview

The instructor will first review some basic points of microwaves, microwave sources
and microwave detectors. He will then introduce the class to a microwave signal
generating device. The students will observe the microwaves from the signal gener-
ator but they will not be required to operate the device. The instructor will next
introduce and explain the use of a Waveline 1200B Densiometer. He will also dis-
cuss 2 Narda 8200 detector, a microwave oven, and the survey technique used in
monitoring microwave sources.

The students will use the Narda 8200 to make a survey of an operating microwave
oven. They will use the Densiometer to survey the signal generating device. Micro-
wave polarization and shielding will also be observed using the signal generator and
Densiometer.

At the conclusion of the lab, the students will submit the completed lab.

e



Lé MICROWAVE LAB 2

EQUIPMENT
’ | -
12008 DENSIOMETER NARDA 8200
ROWAVE SIGNAL
Mu:oveu GENERATOR TWT

| | AMPLIFIER  METER I

LQ&?

THERMISTOR MOUNT—1

ATTENUATOR

Equipment List
a. Waveline | 200B Densiometer
b. Narda 8200

¢.  X-Band Signal Generator, TWT, -30 dB Attenuator,
Power Meter and Thermistor Mount, X-Band Antenna

d. Microwave Oven

e. Eccosorb

f.  Screen Mesh

g.  Microwave Hazard Signs
h.  Lab Stands

i.  Graph Paper 3'x 3’




Ls - MICROWAVE LAB

PRECAUTIONS

1. DO NOT ENTER AREAS DESIGNATED BY
THE INSTRUCTOR AS BEING HAZARDOUS

2. DO NOT SPEND UNNECESSARY TIME IN CLOSE
PROXIMITY TO THE MICROWAVE OVEN OR
THE SIGNAL GENERATOR SET-UP

3. TURN MICROWAVE SOURCES OFF WHEN
NOT IN USE

4. Precautions

These precautions will be followed during the demonstration and
during the students’ laboratory exercise.



Lé MICROWAVE LAB
MICROWAVE REGION
BAND MH,
MICROWAVE 100 - 300,000 -

UHF 200 - 800
L 800 - 1,800
W 1,800 - 2,300
S 2,300 - 3,950
c 3,950 - 5,850
J 5.850 - 8,200
X 8,200 - 11,000

B. INSTRUCTOR'S DEMONSTRATION - LECTURE

Introduction

As shown in Figure 4, the microwave region runs from 100 MH, to 300 GH,. This
corresponds to a wavelength of 3 meters to | millimeter. This figure also shows the
breakdown of bands within the microwave region. Although these are a convenient
form of nomenclature, they have no official status and there is not always agreement

as to the frequency limits associated with each band.




Lé MICROWAVE LAB _ 5

X-RAY HAZARDS FROM MICROWAVE TUBES

1. X-RAYS CAN BE PRODUCED IN:
KLYSTRONS
MAGNETRONS
TWT TUBES
HIGH VOLTAGE THYRATRONS

2. INSTRUMENTATION USED TO MONITOR
THIS X RADIATION MUST BE RF
INSENSITIVE

Introduction (contd.)

The generation of adequate R-F power at the microwave frequencies has been
accomplished by the development of several high power oscillator type tubes. The
various tubes used for high power microwave frequency applications are magnetrons,
klystrons and traveling-wave-tubes. These tubes although not designed specifically
to generate x-radiation, radiate x-rays as an unwanted byproduct. Instrumentation
used for detection and measurement of this unwanted x-radiation is essentially the
same as standard x-ray survey meters with a few important exceptions. The micro-
wave or radio frequency energy present does affect the circuitry of most standard
x-ray survey meters and, therefore, this instrumentation must be shielded to protect
it from this susceptibility which may cause erroneous readings.
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DETECTION OF MICROWAVES

ELECTRICAL DETECTOR
SEMICONDUCTOR DIODE
THERMAL DETECTORS
1. BOLOMETER
THERMISTOR
BARETTER

2. THERMOCOUPLE
3. AIR PRESSURE

Deteaction of Microwaves

Detectors for microwaves can be divided into electrical detectors and thermal detectors.
These two categories derive their names from the way in which electromagnetic energy
interacts with the detectors.

The electrical approach to power density measurement is that of direct electrical energy
conversion. The detected RF power directly activates the meter needle for measurement.
This effect is accomplished by using a semiconductor diode or rectifier. This device, of
the same type as used in carly radio sets, rectifies the alternating RF current into direct
current which may then be applied to a meter movement calibrated to indicate power.
Knowing the effective antenna area, the power density may be calculated.

Thermal detectors act on the principle of producing a detectable physical change (tem-
perature) in a thermally sensitive element. This change is then measured, usually by
electrical means. There are three general types of thermally sensitive elements in use
today.

The first is the thermistor. The resistance of the thermistor decreases when its temper-
ture rises. The thermistor is heated by coupling it to the electromagnetic field. It isthe
radiofrequency current which causes the heating of the thermistor, but the detection of
this heating is done by measuring the d.c. resistance of the thermistor.

Another device closely akin to the thermistor is the baretter which has a positive tem-
perature coefficient of resistance rather than a negative one. Thermistors and baretters
are both known as bolometer detectors, a term meaning any device which changes its
resistance as it changes temperature.
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DETECTION OF MICROWAVES

ELECTRICAL DETECTOR
1. SEMICONDUCTOR DIODE
THERMAL DETECTORS
1. BOLOMETER
THERMISTOR
BARETTER

2. THERMOCOUPLE
3. AIRPRESSURE

Detection of Microwaves (contd.)

Another type of temperature-sensitive device is the thermocouple. A thermocouple produces
a voltage when heated. Therefore, all that is necessary to make a detection device from a
thermocouple is an antenna and a current or voltage measuring device. Since voltage and cur-
rent levels encountered when using these detectors are very small, a sensitive meter must be
used, generally in conjunction with some type of direct-current amplifier.

A third approach to thermal microwave measurement is the air pressure system. This system
involves measurement of a small pressure change in a confined gas when its container is heated
slightly by absorbing some RF energy. The container for the gas is usually some sort of elec-
trical insulator covered by a carbon compound which absorbs RF energy quite well. This sys-
tem is used infrequently.

Thermal detection schemes have individual and common deficiencies. They all are ambient
temperature dependent in their simple form. More sophisticated methods of measuring the
difference in output from matched thermal detectors with only one exposed to RF heating
have been developed, and such instruments are superior for general application. The Den-
siometer used in today’s lab compensates for ambient heat by use of a balance control. The
meter is zeroed outside the R F field and thus compensates for the ambient temperature
effect.

With the exception of the air-pressure detector, all detectors or sensors require an antenna to
convert the propagating radiofrequency wave into wire-conducted radiofrequency currents
which are then detected by either a thermistor, thermocouple, or diode. It is the antenna
that determines the major characteristics of the measuring instrument. The Densiometer used
in today’s lab is polarization sensitive due to its antenna. Also, care must be exercised with
the Densiometer to use the proper band antenna for the source being monitored.



Ls MICROWAVE LAB 7

MICROWAVE SIGNAL SOURCE
SIGNAL
GENERATOR  TWT POWER ANTENNA

I AMPLIFIER METER

— 3048
ATTENUATOR

THERMISTOR MOUNT—1

3. Laboratory Equipment

a. Microwave Source (Signal Generator, TWT, Power Meter, Attenuator Coupler
and Antenna

The x-band signal generator shown in Figure 8 will be used as one source of micro-
waves in today’s lab. The signal generator output is connected to the TWT ampli-
fier using a coaxial cable. A wave guide may be used to transfer the signal over
greater distance than is practical with the coaxial cable. If wave guides and
antennas are not properly attached, leakage can occur around their connecting
joints. The TWT amplifies the signal from the signal generator. The power meter
measures the output from the TWT. The antenna is coupled to the TWT through an
attenuator coupling device (The students will not be required to operate this
equipment).



L6 MICROWAVE LAB 8

/—'— ANTENNA COUPLING

SCALE

RED DOT

ON-OFF-BAT
SWITCH

BANDSELECTOR
SWITCH

BALANCE
CONTROL

3. Laboratory Equipment (contd.)

b.

The Waveline |1 200B Densiometer

The Waveline 1200B Densiometer is a portable battery powered microwave detector that
can be used to assess microwave health hazards. Figure 8 shows the meter removed from
its protective leather carrying case. The on-off-battery switch turns the instrument on
and off and checks the condition of the battery. Meter movement beyond the red dot
indicates that the batteries are in good condition. The band selector switch selects the
power frequency range to be used with the corresponding antenna. The balance control
is used to zero the instrument with no RF power entering the antenna. The readout is
provided on a scale indicating exposure levels above (red) and below (green) 10 mW/cm?2
in decibels. The antenna coupling allows any one of seven antennas to be connected to
the instrument. .
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DENSIOMETER AND ANTENNA ASSORTMENT

S BAND C BAND
¥ [/
@ @ S5 pensioweres
W BAND L BAND UHEF

3. Luboratory Equipment’

The Waveline 1200B Densiometer (contd.)
The antenna assortment is shown with the Densiometer in Figure 9. The antennas

can be used to monitor microwave radiation from S band to UHF as denoted in the
figure,

10



l6 MICROWAVE LAB 10

BATTERY COMPARTMENT

BATTERY COVER

HOLD DOWN SCREWS

3. Laboratory Equipment

b.

The Waveline 1200 B Densiometer (contd.)

The Densiometer should be kept clean and dry. Remember to tum
the instrument off after each use to enhance battery life.

Batteries can be replaced by removing the four screws on the battery
cover plate as shown in Figure 10. The old batteries may then be re-
moved. The new batteries are inserted, making certain that the
positive terminal of each battery is inserted in contact with the plus
terminal indicated on the case. Finally, the battery cover is replaced..

11



MICROWAVE LAB 11

USING THE WAVELINE 12008 DENSIOMETER

CHECK BATTERY

ot
.

SELECT FREQUENCY AND BALANCE METER
CONNECT ANTENNA

PPN

ORIENT ANTENNA FOR MAXIMUM READING

3. Laboratory Equipment (contd.)

C.

Using the Waveline 1 200B Densiometer

The instructor will demonstrate the use of the meter by covering the instructions
outlined below.

(1)

(3)

4)

Before connecting an antenna, set the selector switch to battery(“BAT™)
position and press the “ON-OFF-BAT"" toggle switch to the “BAT™ position.
The meter pointer should read at the “Red Dot,” otherwise the batteries
need replacement.

Select the proper frequency range to be measured. For example, set the-
“Selector Switch” to the x-band, turn the “ON-OFF-BAT™ switch to “ON”
and balance the meter with the *““Balance Control.”” Proper balance is '
achieved when the meter pointer is at the extreme left edge of the green
*“Safe” scale. Proper balancing assures greater accuracy of the readings. To
check the zero balance in the field, remove the antenna or completely shield
it from RF energy. For optimum accuracy, the zero balance condition must
be maintained.

Connect the x-band antenna to the Densiometer. To prevent damaging the
sensing head mounted in the end of the case, remove and mount the antenna
by turning the coupling nut. Do not use the antenna as a handle for removing
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