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TOSHIBA AMERICA, INC.

APPENDIX TO SPECIFIC LICENSE FOR
EXEMPT BYPRODUCT MATERIAL

I. Backaround of Application

A. Tvoe of Application

Toshiba America, Inc. (Toshiba America) is hereby

formally requesting a specific license to initially transfer

for sale or distribution in the United States products

containing exempt byproduct material. This application is made

pursuant to 42 U.S.C. SS 2111 (1982) and 10 C.F.R. SS 30.3,

30.15, and 32.14 (1987). The subject of this license is an

electron tube in the form of a glow lamp. The tube is within

the class of products specifically excmpled from certain

licensing requirements by operation of 10 C.F.R. S 30.15(a)(8)

because it contains less than 5 microcuries of nickel-63
(Ni-63) and radiation levels do not exceed 1 millirad per hour

at a distance of 1 centimeter when measured through 7

milligrams per square centimeter of absorber. Toshiba America j

requests that this license encompass the electron tube itself,

a "main frame" unit containing the tube, and a facsimile
,

i

machine containing the tube and main frame assembly.
]



|

I
l

B. Products to be Licensed

1. Electron Tube

The electron tube is designed to function as a glow

lamp in a facsimile machine. Each tube contains a maximum of

0.32 microcuries of Ni-63. The Ni-63 is plated onto electrodes

comprised mainly of nonradioactive nickel-58. There are two

electrodes, one at each end of the tube. Each electrode

contains c maximum of 0.16 microcuries Ni-63. The outer ,

envelope of the electron tube consists of leaded glass,

0.49-0.61 mm. thick, which is fused to close each end and form

a cylinder approximately 271 mm. long and 6 min. in diameter.

The electron tube will not operate if the seal is imperfect or

the glass envelope is cracked or otherwise compromised. A hard

plastic mounting cap, which nearly completely covers each

electrode, is attached to each end of the tube. A wiring

harness completes the tube assembly.

2. The Main Frame

The tube is mounted in a subassembly called the main

frame, which in turn is mounted as a unit into the facsimile

machine. The main frame is a plastic and metal structure,

-2 -
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bearing the lamp, which functions as an assembly for storing

the lamp and servicing the facsimile machine. The main frame

is constructed so as to surround and protect the electron tube.

3. Facsimile Machine

The facsimile machine contains the main frame unit,

including the electron tube. The facsimile encloses the tube

within a hard plastic and metal shell comprised of the

machine's outer casing and the main frame unit. This case

further serves to protect the tube. When installed within the

facsimile machine, the electron tube is visible only through

two narrow slits designed to accommodate single sheets of paper.

i

|

C. Production and Shippina

1

l

The electron tube, main frame, and facsimile machine

are imported by the applicant, Toshiba America. The facsimile I

machine and main frame are built in Japan by Toshiba

Corporation, Toshiba America's parent company. The electron

tube is built for Toshiba Corporation by Harison Electric j

Company, Ltd. (Harison), a subsidiary of Toshiba Corporation.

The electrodes used in the tube are manufactured for Harison by

Nemoto and Co. an unrelated company.

-3 -
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The electron tubes are initially distributed in the

United States by Toshiba America. The company normally

distributes the tubes as components of completed facsimile

machines, but they may also be distributed as tubes alone or as

main frames. Because tubes and main frames normally would be

installed by service representatives, they are not expected to

be distributed in those forms to users of the facsimile

machines.

Toshiba America distributes the facsimile machines to

dealers and distributors. The distributors include both

Toshiba America locations and unrelated companies.

II. Section 32.14 -- Reauirements for Issuance of a Specific
License for Distribution of Certain Items Containing
Exempt Bvoroduct Material

I
IA. Section 32.14(a) -- General Reauirements for Issuance of a

Specific License (S30.33)
|
!

1. Application for a Purpose Authorized by the Act.

The stated purpose of the Atomic Energy Act of 1954,

as amended, (the Act) is to regulate the development of atomic

energy so as to encourage its peaceful uses, 1/ including uses

that will strengthen free competition in private onterprise, 2/

encourage the development of the atomic energy industry, 1/ and

encourage maximum scientific and industrial progress. 4/ In

1/ 42 U.S.C. SS 2011, 2013 (1982).
2/ 42 U.S.C. S 2011 (1982).
1/ 42 U.S.C. S 2012 (1982).
A/ 42 U.S.C. S 2013 (1982).

-4 -
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addition, section 2111 of the Act classifies "industrial use"

as a useful application. Toshiba America's distribution of the

electron tube makes ef fective industrial use of the byprodt c

material Ni-63 in a manner that facilitates modern electronic

communications, constitutes a peaceful application of atomic

energy, and strengthens free competition and private

enterprise, thus encouraging both the further development of

the atomic energy industry and maximum scientific and

industrial progress within the meaning of the Act.

.

2. Adecuate Eavioment and Facilities

The applicant's electron tubes are tested ind'.vidually

by the manufacturer. They will not operate, and are rejected,

if the glass envelope is not intact. The radiation emitted by

the amount of Ni-63 on an electrode does not penetrate the

intact glass tube.

The electron tubes are packed for shipping in cardboard

and bubble wrap or other appropriate packaging designed to

protect against breakage. Main frames and facsimile machines

are similarly packed with appropriate protective material. As

previously stated, the main frame and the facsimile increase

the protection of the tube. A periodic random sample of

electron tubes is subjected to vibration and shock tests I

designed to ensure the tubes will survive the conditions of

shipping and handling. No tube has been known to break during

such testing.

-5 -
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Toshiba America's warehouses have in-rack sprinkler

systems, which are in full compliance with insurers' standards

and offer exceptional protection against fire. The warehouses

also incorporate modern security systems to prevent theft or

tampering.

3. Trainina and Experience for Handlina of Electron
Tubes

Toshiba America has been in the electronics business

for many years, and employees are experienced in the proper

handling, shpping, and storage of electronic equipment
1

requiring special care, such as electron tubes. !
,

It should be noted that the Nuclear Regulatory 1

l
l

Commission's (NRC) regulations recognize that electron tubes

containing less than 5 microcuries of nickel-63 are iters of

relatively small concern in terms of health and safety, since

they are exempted from certain licensing requirements under 10

C.F.R. S 15(a)(8) (1987). Nevertheless, all Toshiba America

personnel will be informed of the existence of byproduct

material in the tubes and will receive instruction in proper

handling of the tubes, including clean-up and disposal
,

4

procedures in case of breakage. All waste disposal will meet

or exceed NRC and applicable state regulations.

-6 -

- - . - . _ -



i

B. Section 32.14(b)(1) -- IAcolication Item 11
-- Radioactive Material

)

The radioactive material contained in the electron

tube is nickel-63. The nickel-63 is a solid plated on an

electrode composed of nickel-58 (non-radioactive). The maximum

quantity per glow lamp is 0.32 microcuries.

I'

'

i

C. Section 32.14(b)(2) -- [ Application Item 61 -- Purpose for
which Licensed Material will he Used

i
IThe licer. sed material will be contained in an electron
i

tube which will function as glow lamp. The tube will be |

contained in a main frame that will in turn be contained in a
,

I

facsimile machine. The tube, the main frame containing the |

tube and the facsimile machine containing the main frame may

each be imported and distributed separately by Toshiba America.

D. Section 32.14(b)(2) -- Details of Construction

A drawing of the glow lamp is attached hereto as

Attachment 1.

Glass: Lead glass

Dimensions: As shown in drawing

Glass Thickness: 0.49 - 0.61 mm

-7 -
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Sealing is achieved by fusing the ends of the

glass of each tube together utilizing heat followed by an

annealing process.

A separate drawing of the main frame containing

the glow lamp is attached as Attachment 2.

A separate drawing of the tube as concained in

the facsimile unit is attached as Attachment 3.

E. Section 32.14(b)(3) -- Method of Containment or Bindina

The nickel-63 is bound to the nickel-58 by means

of electroplating.

For the details of the method of containment by

means of the glass bulb, see Section D, above. In addition,

hard plastic casing at each end of the electron tube protects

each electrode in the extremely unlikely event of breakage of
i

the bulb. |

When contained in the facsimile machine or the

main frame, the electron tubes are enclosed by the hard plastic

and metal material of the finished facsimile product or the

main frame. This enclosure would minimize or prevent any
1

exposure to the environment in the extremely unlikely event of I

breakage of the bulb.

:

|

-8 -
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F. Section 32.14(b)(4) -- Procedures for and Results of
Protoptoe Testina

Harison subjects a random sample of glow lamps to

a vibration test and a shock test in both the prototype and

manufacturing stages. These tests are designed to replicate

the most severe conditions likely to be encountered, 122.,

shipping of the product. No break in the glow lamp has been

experienced as a result of these tests, and consequently, there

has been no release of the nuclear byproduct material to the

environment.

Toshiba Corporation subjects each facsimile

machine containing the glow lamp to a shock test in the

prototype stage to ensure that the bulb will not break under

the most severe conditions likely to be encountered.

G. Section 32.14(b)(5) -- Ouality Control Procedures to be
Followed in the Fabrication of Production Lots and
Ouality Control Standards

i

A schematic diagram showing all quality control

procedures utilized by Harison in the fabrication of the

electron tube is contained in Attachment 4. Harison subjects a

random sample of the completed glow lamps to the shock and;

vibration tests described above. In addition, every lamp is
|

test lighted by Harison. A lamp will not light if there is any ;

break in the glass container.
.

1

|

-9 -
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With respect to the electrode itself, a random

sample is undertaken by Nemoto and Co. of 10 in every 10,000

units to determine the amount of nickel-63 per electrode.

Toshiba Corporation test lights every electron

tube as an individual electron tube, as contained in a main |

frame, and as contained in a facsimile unit before shipment to

Toshiba America. Any electron tube not lighting, as in the

case of a break in the glass container, would be rejected and

returned to Harison. No such circumstance is known to have

occurred.

Toshiba America will test light imported electron

tubes as individual bulbs, as contained in a main frame and as

contained in facsimile units, each such inspection to be

conducted in accordance with S32.110(a). Any faulty electron

tube will not be shipped and will be returned to Toshiba

Corporation or disposed of, in every instance in accordance

with applicable federal and/or state law.

H. Section 32.14(b)(6) -- Labelina

Each electron tube individually and each electron

tube within each facsimile unit or main frame will be labeled

as follows:

Distributed by
Toshiba America, Inc.

Ni63

- 10 -
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I. Section 32.14(b)(6) -- Radiation Level and Method
af_ Measurement

The level of radiation from the electron tube

both individually and as contained within each facsimile unit

or within each main frame is zero. The level is measured with

either of the following radiation measurement devices: Aloka,

Model TDC-501 or Victoreen, Model 470A. A brochure for the

Victoreen model is contained in Attachment 5.

<

!
I

- 11 -
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ATTACHMENT 3

Facsimile adchine l

Type A conta'ining
glow lamp
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Paesimile machine
Type B containing

1 glow lamp
,'

| CHAPTER 8 MECHANICAL DESCRIPTION
,

8.1 Configuration |
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ATTACliMENT 4

TOSH)BA Xe C)ow !. a m p _ _Q U A l.! T Y CONTOROL P R O_C E D U R E S

Iloe Ctarat Process Contro!It(s Saapiirs testirs we
-

U Glass tube
U Netha ci

-O lute Whits

U Prospher

-O-O Pros;her contiro Onro Tes; At W c. start in inerwweter ;
'

aornirs
-C Coatire instation irartsaission 2 ocs per 4 hour transaissiondevice

0-0 Bakiro O',enTees At O c start in iherweet6r
M b issa tornirs leapilac

U tioctrode

-O-O 56alito Ap;4srance 2 Oc6 per 4 tcJr Visus!
Stape 2 pcs per i hour Visual
Dimensions 2 pcs per 4 hour Scale

i

U llectrode ,

GlassBead

I3 Beae Mcunt hakirs Ap;earaxe 2 ocs per 4 hour visual
Stape 2 ocs per 4 nour Vlsual ,

Dimensions 2 ocs per 4 hour Scale j

|

O-O Inha;stire ManifoldVacuus At Oc start in Vaccus Ghge ;

sornirc !

W fillirc Gas |
1
'

-(HD Gasfillits GasPressurc At a/c start in Prtssure Gaupc
nornin;

(H] A;irG V3ltaje Al A/c stBrt in Voltteler
A; irs Time mornin; finer

O AJits O lb IrstK lion lightirc Status All Visual

I
U Elxtric 00@ctive Mtcsive

-O-G Printirs ALoearance 2 Ocs at s/c start Visual
Disensions in mornire Scale

O Instation A;;catarG All Visual
Startirs Vcita;c All Testire Device

-C Oute ooirs ins:ation & icst Lasp Current 5 ocs per lot Ctara:teristics
lasp Voltago 5 pc6 per lot Testira Device
Startirg Volta;e 5 pcs per lot
Dimensions 5 ocs per lot Scale
Lightirc Distribution 5 pcs per lot Lighting Distritution

Testing Ocvice
life 3 pcs per week life laster

O Fa:hre
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TOSilIHA Xe G1ow I,;n m p QUAllITY STA ND AllD

( F i ri i .s li e d L an m p )

1Ies SpeciiicaIica Sampiiog lestir10 Nessaire
I

lamp Current (aA) 11. b l5.0 n-3 c=0 per lot per day Claracteristic lesting Device

laus Volt @De(V) (310) c 3.c-0 per lot per day

Startins Voltage (V) 22.5 max. n-3.c=6 per lot per day lest device with lightias cirmit

'

Ilitainance(tx) 140 1 25% a-3.c=0 per lot per day Photometer

Vibration 4 hours min. e-3.c4 per month Vibration fester

Shock 36 C 3 tiacs ein. a-3.c4 per lot per day Shock lester

Iiie T20000 tines min. n-3,c 0 per au k ; Iife lester
,
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GENERAL DESCRIPTION

I

1. ' Purpose - Model 470A is unparalleled in health physics surveysinstrumentation. The latest solid-state IC technology has been
utilized to miniaturize circuitry, reduce weight and increase relia-bility.

Accuracy and convenience have also been carefully considered
to assure the best possible indication of true radiation exposure
An extremely rugged high imenet molded plastic case provides easy

.

decontamina tion. The Model 470A is ideal in nu=arous applicationsincluding;
background studies, general health phystes surveys,

radiochemical lab chacks, surveying nuclear power plants, monitor-
ing X-ray and radiotherapy facilities, fuel processing plants, re-
search labs and in certain NDT applications.

1.2 Specifications - See specifications in Table I.
.
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TABLE li SPECIFICATIONS FOR MODEL 470A
.

.

.

| __ .

J Feature
|

Spe cific'ation
-

Range:

Rater . 0-3, 10, 30, 100, 300, 1000 mR/h and R/h...... . .
| Integrate . . . . . . . . . . 0-3, 10, 30, 100, 300, 1000 mR.

Radiation Detected . > Alpha, 3 eta, Camma and X-ray. .. . . . .. .

De tector . . . . Unsealed, air ionization chamber. ........ .
.

Material ..
. . . . . . . . . . . . . Expanded plystyrene/275 cc vol

Wall Thickness ..... . . 8............. 17 mg/cm

Cyeolac Equilibrium Sleeve / Cap 8. . 500 mg/cm chick... .. . ..

Readout Mater 3-1/8 inch (7.94 c,) scale, taut band movement
(Spring-loaded trigger switch permits scale illumination foi-
night use.) .

Controls: ..

External . . . . . . . . . . . . . . . . . . . . Function swit:h
(R/h, mR/h, mR Integrate) ,

Range Switch
(Off, Battery Check, 1000, 300, 100, 30, 10, 3)

Zero set
Zero Adjust ('Scale Illumination Switch '

!} Inte rnal . . . . . . . . . . . . . . . . . Calibration Adjustment '

High Voltage Check Switch
Coarse Zero Adjust Potentiometer

Energy Response .
. . . . j; 15% from 8.0 kev to 300 kev-bare. . . . .

j; 10% from 40 kev to 2 MeV-Covered ,

'

.

Response Time . |....... 8 seconds on 3 mR/h range.......
, ,|

a, 3 seconds on 10 mR/h range il2 seconds on 30 mR/h range
!

1h seconds on 100 mR/h and !

300 mR/h rangeSwitching Transients
Less than 8 seconds on Function & Set Zero

, _ .
.

\*

, |

,, -2-
* -

.
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TAB 7.E I t
-

$PECIFICATIONS FOR MODEL 470A (Cont'd)'

;

Fea':ure I'

Specification

Batteries . .
Two 1.5 volt D cells and four 22. .

volt #505 Eveready
Battery Life . . . . . .. .............. D cells 150 h

22h volt shelf life
Zero Adjust

. . . . . . . . ......... Can be properly adjust-
ed in a radiation field

Warm-up Time . . . ... ... . . . . . . . . . Less than one minute
Environmental Effects:

Temperature Range
-20' to + 120' F (-29' + 4 9' C)

.. .....

Humidity Range . . . . . . . . . . . . . O to 95%, non-condensing

Geotropism . . . . . . . . . . . . . . . . . . . . . . Negligible
Response to Other Radiationt

Minimum energy to penetrate chamber
. . . Alpha; 8 HeV.... .

Beta; 120 XeV'

Zsro Drift with
Temperature

. . . . . . . . 6% per 10' C op 3 mR/h and 3 R/h
.

range; 2% per 10 C on 10 mR/h and
10 %/h range; 0.6% per 10' C on 30,

mR/h range and 30 R/h range. Can be,

completely eliminated by reseroing
Collection Efficiency . . .

. . . . . . . . . . . . . . . See Figure 1
Dimensions . . . . . .. ..

11 in. long (27.9 cm)......

4-3/4 in, wide (12.1 cm)
9 in. high (24.1 cm)

Weight
. . . . . . . . . . . . . . . . . . . . . . Less than 4 pounds

,

9
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.
.
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2 Installation
,

f

2.1
Unpackinc - When unpseking the 470A, check' for any in-shipmentdamage.

2.2
Power Requirements - Tuo lh volt and four 22h volt batteriesare supplied with each instrument.

sure the Range Switch is in the OFF position.Before installing the batteries be
The D cells are in-stalled in the handle by removing the rvo side retaining screws whichpermit removal of tha cap.

Be sure to observe battery polarity.The batteriss are inserted and tha cap re-F3 aced.

be sure the contact spring'is properly oriented.When replacing the cap
j
'

See Figure 3.

To install the 22h volt batteries, remove the five screws which hold
the front of the instrument to the body and pull the front forward

stall the 22h volt batteries observing the proper polarity.The battery holder is acunted to the front instrument assembly
.

In-.

mounting the front assembly to the body, dress the interconnecting(When

cable in a canner which vill not cause interference).
,

ifive mounting screws. See Figure 3. Replace the

The 22h volt batteries provide chamber collection voltage and do notexperience significant current drain. I

life which should be in excess of one year.Battary life is equal to shelf
;

The BATT position on the Range Switch will check the conditi
D cells only, which must read in the green area of the meteron of the
infrequent checking.the 22h volt batteries will last for shelf life, they requirSince t.

e only !

the VICTOREEN logo located below the meter and actuating a micrChecking may be accomplished by snapping outt

switch located on the left hand side of the opening. o-

is actuated, the meter vill read about 95% of full scale.When the switch
!

<

reading for future reference to establish battery condition.Note the
batteries should be replaced when they have dropped about 5% belowThe
their initial reading.
Switch in the OTF position.This check must be perforrad with the RangeSee Figure 2

I-

The purpose of the collecting voltage is to supply the electrostati
field which sweeps the ions created in the chamber to the walls andc

center electrode, where they constitute the current which is measuredby the electronics.
combination of these ions as possible.This should be accomplished with as little re-
certain ion collecting efficiency varies as the square root of theThe voltage necessary for a

.
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radiation intensity for a particular chamber geometry. Thus, since -

the chamber is 90% asturated at 1000 R/h at 90 volts, it requires
only about 50 volts to produce 90% asturation at 300 R/h, full scale .

on the next range. Hence, the instrument is still quite useful,
especially on the mR/h range, even if the collecting voltage has ,

dropped to as much as half its original level. The reason for not-
ing the reading of collecting voltage and replacing these batteries
if the reading drops by about 5% is that such a decrease is a
reasonable indication of the battery shelf life.

.

2.3 Precautione - If the ion chamber is broken or contaminated
with radioactive material, the chamber must be replaced. See Section
5, paragraph 5.3 for this procedure. '

3 operation

.

3.1 Funct'on - The 470A in an ionization chamber meter used to !
detect alpha, b' eta, gamma and X-ray radiation. It measures total !

'

exposure rate from 3 mR/h full scale for garna and X-ray energies
from 8.0 kev to 2 MeV. *

3.2 controla - The 470A has four front panel controls and a spring-
loaded light switch for meter illumination, mounted on the instrument
handle.

'

i. .

3.2.1 Range Switch - The Range Switch has eight positions. It
can turn the instrument OTT, check the battery voltage, or set the
sensitivity at 1000. 300, 100, 30, 10 or 3.

.

3.2.2 Function Switch - The Funetton Switch detern.ines whether the -|470A measures R/h, mR/h or integrates mR.
|

,

3.2.3 Zero set - The Zero Set button te actuated whenever the in-
strument must he zeroed or operated in the Integrate Mode. '

,

'
_ . . . -, -

,

.
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3 3.2.4 t

drift efter initial turn on or when subjected to environmental ex-Zero_ Adjust - Since the instrument is suseptible to zero
tremes, taroing is provided and may be accomplished in high radiatio'

fields. n.

Depress the gero Set button and adjust the Zero Adjust control on the
instrument until the meter reads sero.
and the instrument is ready for operation. Release the Zero Set button
should be followed before performing integration.The seroing procedure

3.2.5 .

Calibration Potentiometer and 22h v Battery Test Switch -
A calibration adjustin's potentiometer, a coarse zero potentiomet
and 2 collecting voltsge battery test switch are' located under theer,

VICTOREEN logo plate directly under the meter.
This logo may be snapped out for access to these controls (See Figure 2).
calibration potentiometer ta factory adjusted and should be re-The.

adjusted only with a calibrated radiation source.
.

In the event that the instruner.t cannot be seroad with the externalaero control as in 3.2.4 above, readjustment of the coarse zero con-trol may be necessary.
This is done by setting the external zero

control to the middle of its range, turning the instrument to one of
its operating ranges, depressing the Zero Set button and adjusting th
coarse sero potentiometer till the indicating mater reads zero

.

e

external sero control vill then have ample range in each directionThe.
.

.

3.3

from OFF to BATT and make sure the meter is in the BATT_Operatina Procedure (Turn-On Sequeneg} - Turn the Range Switchregion.
Then turn the Range Switch to 1000. O.K. green.

Function Switch to mR/h. ton and adjust sero as described in the previous paragraphPush the Zero set but-Turn the
-90 volts, the instrument will read upscale.As the ion chamber bias voltage rises to

.

than one minute af ter the instrument is turned onThis lasts for less.

After one minute, turn the range Switch to 3 mP/h.
should now read background radiation. The instrument

The 470A is now ready to maksmeasuraments.

After warm-up, the Mode and Range may be salacted with the FunctionSwitch.

'

.
*
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3.4
operational Tests -- First the 470A must pass the turn-on pro-

.

cadure.
Then place a small radiation source nearby so the 470A raads .

about I mR/h. Turn the Range Svitch to the 10 mR/h and to the 30
mR/h range, the meter reading should decrease on each range change.

to always indicate about 1 mR/h.
If the 470A f ails the turn-on oroperational tests, turn to Section 5.2.

brium sleeve can be used for the first of these tests.The Operational Check Source on the end cap of the chamber equili-i
!

Source consists of less than 0.01 microcuries of depleted uraniumThe Check '

and will produce a reading of between 0.6 and 1.5 mR/h when the ,

source is placed on top of or in front of the bare chamber.

4 _ Theory of Operation
(* ,.

4.1
the internal air voidie becomes ionized. General Theerv - When the ton chamber is exposed to radiation

'

A de potential applied be-
ed ion pairs before they can recombine and collects them. tween the outer shell and center electrode separates the newly-form-

upon reaching the electrodes, are restored to neutral gas atomsThe ions,
,

'

through the process of taking on (or giving up) electrons
causes a direct current flow in the external circuit.

This. *

ber can be considered a constant current generator whose output cur-The ion cham-

rant is directly proportional to the rate of internal air ionizationor exposure rate.

special electrometer circuitry is required to measure them.These currents are extremely small however, and,

An operational, current-Amplifier configuration is employed in thisinstrument. S.es Figure 4.
The large amount of negative feedback |

back element value, rather thkn amplifier gain or other variablescauses the output voltage to be a function of input current and feed-
l '

A MOSFET alectrometer is used for the operational amplifier. .

feedback element is either a high megohm resistor or a capacitorThe
.

Precision film resistors, elected by the Range Svitch, determine th
amount of de voltage gain, and hence, the full scale sensitivity ofe
the instrument.

ately the meter deflection to a known exposure rate radiation field.A variable resister is employed to calibrate accur-

,
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5 Adjustments and Maintenance
,

'
.

,

i -

5.1 Calibration - The 470A is calibrated at the factory. When
field recalibration is performed, four cor'rection factors must be re-
membered.

.

5.1.1 _ Energy Dependence - Any ion chamber has a certain energy
dependence. That is, holding the exposura rate constant, the chamber
responds differantly to different energy photons. The Model 470A

1"has been calibrated at an effective energy of 662 kev from Cs.'

f.

The response is fairly energy dependent in the low-energy region.
For accurate usage at middla and high energy regions, the Energy Re-
sponse Correction Curva must be used. See Figure 5.4

5.1.2 Temperature and pressure - Air, at standard temperature 'and
pressure, is the ionized mediurn in the exposure rate definition. Thea

density of the air determines directly the ionization rate with all
other factors held constant. The density is, in turn, a function of

*
a

.

barome ;ric pressure and Kelvin temperature. Since the ion chamber .

| 1s not sealed, a small correction must be made for temperatures and '

barometricpressuresdi(ferentfromthoseduringcalibration.
Standard temperature, O C, is rarely encountered in practice. The
Model 470A is calibrated and corrented to 22' C and 760 mHg. For
different tamperatures and pressures, correction factors will be
found on the Air Density Correction Table II.

C'
.

5.1.3 Annular Dependence - The shape, vall material, center
electrode design, and pcsition of the ionization chainber of the Model
470A results in an instrument response relatively independent of the
direction of the incident radiation. Figure 7 gives the relative an-
gular response of the Model 470A with the equilibrium cap on and off
respectively, at 1.3 MeV (''Co), and 120 kev and 40 kev effective.

.

i
*

4

! 5.3.4 Sour _ce Distance - If a point source or a collimated beam is '

' used, the 470A chamber must be far enough from the source ao the e,n-
tire ion chamber is uniformly exposed. In practice this means any

i point source should be at least 1 meter from the ion chamber. 1he
center of volume of the chamber is 5.7 cm from the end, see Figure 6.

1 . .
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5.2.5 Calibration Procedure
.

1. get the 470A to the 1 R/h range. Zero the 470A.
,

2. Pull out the VICTORIEN logo plate and look down through '
!the opening at the circuit board. The calibration po-

tantiometer,' R7, is the lower one on the right side.See Figure 2.

3. Subject the ion chamber to a Low R/h field and adjust
the pot for the correct reading. Use the equilibrium
cap if the effective energy of the source is over 100
kev. Be sure to correct for temperature, pressure,
and energy response,

'

i

5.2 Troubleshootina,(SeeExplodadView. Finure 8)

!5.2.1 .

_ Test Procedura - If the 470A does not pass its turn-op
procedure and operational tests, then the following troubleshoot-
ing steps will check the batteries and main circuit board. 1

If
these parts tes t all right, but the 470A still does not work, con- 3tact the factory. !

)
C A V T_I o N

Do not attempt to repair the preamp 11-
tier. Tampering with it could void the
VICTOREEN varranty.

To test the 470A follow these steps exactly:
'

1.
Turn the Model 470A 0FF and wait one minute.

2
Remove the rvo D cells from the handle.

3. Remove the 3 control knobs. .

4. Remove the 5 screws from the preamplifier bulkhead and
pull the preamplifier, bulkhead and ion chamber assembly !

from the rest of the instrument.
5. Slide out .

the mater and circuit board assembly and placethe three portions of the instrument (case and handle,
meter and circuit board, and preamplifier and ion cham-
ber), still connected together, on a non-conductir.g sur-face.- ', ,

,

.

*
,

,
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Do not open or try to test the preampli-
fier: The circuitry la easily destroyed.

.

6. Replace the two D cells and control knobs to make the
instrument operable.

7. Turn ON the Model 470A carefully. Some of the circuitry1 is at -90 volts. Wait 2 minutes. Place in the 0-3 R/h .range.

8. Measure the three supply voltages; +8.2 5%, -6.2 1 5%
and regulated battery voltage.- The +8.2 volts and -6.2
volts are most conveniently measured betvuon ground (the
transformer 71 case) and the frent and rear and terminals,
respectively, of the Zero Adjust potentiomecer R19. The
regulated battery voltage is the voltage across C9 and
should measure betvaan 2.2 and 2.3 volts.

9. If these voltages are correct, check the voltages across .

R11 and R12. These should both be about 1.5 volts and
equal. Refer to Figure 9 Circuit Board Assembly and Ti-
sure 10, Schematic Circuit Diagram, for further continuityand voltage checks. If the difficulty seems to lie in the
prea=plifier, return the instrument to a VIC70REEN Service
Representative.

10. After testing, turn the 470A 0FF and wait 2 minutes. Re-
move the two D cells from the handle, and reassemble the
instrument in the reverse order of disassembly.

.
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