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Features
O Worldwide standard for thermoluminescence (TL) dating apparatus

C Over 25 complete systems installed throughout the world

C Designed specifically for TL research in natural materials )
O Modular, expandable, and compatible with a wide range of system components

O Very complete line of TL apparatus and accessories from one source

O Advanced data acquisition and reduction computer system

O State-of-the art electronics and glow oven

O Exceptional reliability

C Backed by over 10 years' experience

O One year warranty

T he DaybreakTL system has
ter, and add to it as needs require or your dynamic range to beyond ten million

been designed to address the sophistication grows. The next major step counts per second. Both ratemeter and
particular needs of archaeo- is up to the 9900 computer system. Simply alpha counter have integral high voltage
logical and geological dating. It plug the computer interf ace into any free power supplies The computer interf ace

evolved over six years' laboratory use slot on the system module bus. The permits the system XY recorder to emulate
before its introduction in 1979. Since that extensive TL applications software pack- a d',gital plotter for high quality plots of
time, over 25 Daybreak TL systems have age records glowcurves on disk. performs processed or rescaled data.We have
been installed in laboratories throughout data reduction and age computation, and made the Daybreak system simple to set
the world. Its high performance and because we know that TL dating is still up, simple to use, and compact. The Ba sic
reliability have made it the world standard advancing, we have configured all the TL system reader has only three cabies, all
in its field. This is partly due to Daybreak's software as a collection of system library interconnects between modules are made
initial concept of a modular, expandable units so that the user developing his own via the system bus. The system is
system. designed both to stand alone and specialized computa ions can take advan- packaged in two parts - an electronics
to integrate with an advanced computer- tage of all the fita handkng, graphics. and enclosure (19 inches wide by 22 inches
based data acquisition and reduction pre-processing utilities built into the sys- high by 14 inches deep) that contains the
system having a full range of TL applica- tem. Example program skeletons are system bin with slots for five modules and
tions software. Another part. which contnb- provided so that the user will have to wnte the XY recorder, and the glow oven
utes to our record of reliability,is the a bare minimum of software to get his or assembly (20 inches wide by 8 inches
conservative yet innovative design with her special procedures to run within the deep, extending 3.S inches below the
state-of-the art, complex integrated cir- environment of the Daybreak sof tware bench mounting surface) and PMT
cuits and an extended burn in program system. Most of the more useful proce- housing (3 inches diameter by 9 inches
prior to shipment. dures are already implemented. Included high). There is room left in the Basic TL

The Daybreak TL system has many is a complete growth curve analysis for reader for two more modules, which can
advantages beyond its moderate price. It both conventional TL and a number of be two alpha counters, or more usually, an
was designed from the beginning with a optical bleaching techniques. The soft- irradiator timer and the computer interface.
Coherent overall plan for the contemporary ware has been wntten in the powerf ul and
TL dating program. Daybreak manufac- popular UCSD p-system implementation e have radioisotope irradia-
tures a complete and integrated line of TL of Pascal, a powerful and flexible block tors to suit every application.
apparatus, from the basic TL reader to structured language, with a FORTRAN For most archaeological
radioisotope sources and irradiators to compiler available as an option dating, we recommend the
computer systems, down to alpha counter Among the features unique to the Day- 740 beta irradiator f or on-plate calibrations.
supplies . . and all the parts work together break system are direct computer control of Strontium-90 sealed sources are available
to give you the most for your money. The virtually every function, The temperature in activities of 125 mci and 2 mci (for
Daybreak family of TL instruments is controller has a stable, reproducible digital pre-dose dating). Several alpha irradiators
growing. but as improvements are made ramp for heating rates 0-25C/sec, auto- are offered with a 0.5 mci cunum-244
and new products introduced, we ensure matic repeat ramp for the background source: the close geometry 750 for fast
that compatibility is maintained. You can glowcurve, a low-power. low-volume glow exposures, the 760 vacuum irradiator
start with the Basic TL System which even for fast cooling and evacuation, and a which is slower, but yields slightly higher
includes the basic TL reader with XY pile-up compensating ratemeter that precision,and the 765 vacuum alpha
recorder, vacuum pump, and alphe oun- extendsthe single photon counting irradiator which permits irradiations on the

_
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glow oven heating plate at a fixed mine the U Th ratio. From all three to 250 counting intervals in non-volatile
'

source-to-sample distance. Intended counters - total, fast and slow pairs - memory. Al the end 6f countinQ. data that
pnmarily for the geological dating program one may obtain Th-230 and Pa-231 may be noisy is flagged. and average
where exposure times are very long. or content Since the major bottleneck in Count rates with errors cornputed Long
for the large dating laboratory where the dating is usually the length of time term trends in count rate (thoron decay
highest efficiency is desirable, the 801 required for alpha Counting, most labora- or radon buildup) are also computed The
multiple sample irradiator may be a virtual tories will need more than the single Counter is immune to power failure, and
necessity. counter furnished with the Basic TL will resume counting after noting the

Our 582 alpha counter is a unique system. We provide a separate enclo- occurence when power is again restored
instrument, and probably our most popu. sure, the model 503, that accommodates Owners of earlier 580-series counters will
tar item. It is almost totally immune to up to three counters with their PMT appreciate the 584 printer / controller that
electrical noise and is actually three housings. adds these intelligent functions to existing

I counters in a single module. We have New in 1984 is the model 583 alpha counters with little or no modification.
packaged the HV power supply, an counter, the first of our intelligent modules. The warranty on apparatus manu-
amplifier / integral discriminator along with This instrument combines the function of factured by Daybreak is for one year,
a total events counter and two pulse the 582 with a built-in microcomputer covering parts and labor, and service is
pairs discriminators with counters, all in and printer that prints out cumulative and available in the U.S. and in England
one standard module. Using the totals incremental total and pairs counts every (soon, e!sewhere in the world).,

and slow pairs counters, you can deter. 1,2,4, or 8 ksec, and stores data of up

3asic ~~ Sys:em_

For smalllaboratories, or those with limited preparation and alpha counting Complete testing A flame photometer or AA
funds, the Basic TL System is a good entry service and instruction manuals are spectrometer for potassium determina-
point. It comprises the model 700 glow included tions is very desirable, but the use of them
oven, the 720 PMT housing with 530 single You will also need radioisotope is usually not hard to come by. As your
photon amp / disc, EMI 96350A PMT, and sources and irradiators for calibrabon laboratory becomes busier, or you get
optical tilter pack, the 501 enclosure with exposures, but their choice will depend on involved with the more data intensive
the 510 system controller,520 oven your application. applications, such as sediment dating, the
temperature controller,540 ratemeter, and Aside from the sources.and a supply 9900 computer system will provide a
582 alpha counter. Also provided are a 75 of oxy-free purge gas (pre-purified nitro- tremendous savings of time, and con-
f / min capacity vacuum pump and XY gen or argon) with regulator, the Basic TL siderable computational power.
recorder (8.5 by 11 inch chart), and system contains everything needed for the
accessory packages for fine grain sample simpler applications, such as authenticity

_ _ _ _ _ _ _ _ _ _ _ ._
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Features
a Overall system control for most run-time functions

E Thermocouple vacuum gauge
,,, , , , .

|a AC power control of glow oven
|# l *

5 Adjustable delay for two stage vacuum valve d'd{
3 Computer control of HV enable, and vacuum and purge valves -

The model 510 TL system controller all lighted pushbutton switches: VACUUM
module includes most of the controls used and PURGE controlling the respective
in taking data. It contains the glow oven solenoid valves on the glow oven assem-
vacuum gauge,triac AC power controller bly(control of the oven vacuumis two
for the glow oven heating plate, and control stage, with a bleeder valve opening first,
functions, most of which are also controlla- then the main valve afte, a 0-10 second

* * ""
ble by the computer interface with optional delay adjustable internally), HV enable,
expansion board. The system XY recorder RAMP start, MAIN POWER, and OVEN

signals are routed through, and its power POWER. All switch functions except maiti
derived from,this module. Unswitched AC and oven power are controllable from the
power for alpha counters is also placed on computer for f uture automated glow ovens.
the system bus.The control functions are

Specifications
AC oven current: 6 A maximum 115/230 VAC 50-60 Hz
Solenoid control current: 1 A maximum,115/230 VAC 50-60 Hz

Control logic inputs: TTL-compatible, active low (for HV, VACUUM, and PURGE)

Vacuum gauge: thermocouple type, for tube type 6343/0004 &
Power: 115/230 VAC 50-60 Hz,10W, plus glow oven power

Physical: 4.55" wide standard Daybreak module,

J

|
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| Features - 2

= m Flexible temperature programming O
570 TL OVEN CONTROL

;1 5 Automatic repeat ramp for background

5 Digitalramp.,

g| - B Built-inicepoint compensation , t

ii a Uttra-lowdrift TC amplifier
' **

[,

ff n 0-1000C overall temperature range with absolute maximum settable to 400-1000C -

|
byinternal adjustment

E Tight servo control _|
'

I ""5 Non-linear transient filter to suppress AC switch noise
,

iE Computercontrolof mostfunctions

| ' AT

| The model 520 temperature controller lines are connected to the system bus for
i -i- programs the temperature of a TL glow computercontrolof theramp. Anicepoint -

|' ovenin a ramp of variable rate and compensator and ultra-lowdrift thermo-
!- endpoint. Its output is a current propor- couple amplifier are now included as a

'j; tional to the temperature servo loop error, standard feature. Also standard is a |,,,,,,,, , , , ,
| . and isintended for use with the 510 0-1000C control range to accommodate

'

i system controller or with the 521 AC the 701 high temperature glow oven; for
jr power control. A number of features, such safety, an internal control limits the

as automatic background run and setpoint maximum endpoint or setpoint tempera-
.

4 ; operation, have been incorporated for user ture attainable to a value settable between -

| convenience. A number of logic control 400 and 1000 C.
.

,

i o-ioooc o nc sec
j

K Specifications = " " = = =

- #) () h(
1- compensation. Nonlinear transient filter. Output nominally 200mV/100C, settablo 100-200

' )TC amplifier: gain set for chromel-alumel thermocouple. Negative input. Icepoint
em

: mV/100C RAMP INT RESET S4NGLEj

|'' Ramp: linear, digital ramp,0 25C/sec (10 turn pot). V-F converter plus 12 bit DAC with gy,,, gya,

|- clock pulse output every degree C. Stability better than 500 ppm /C. Endpoint 0-1000C (10

|: turn pot), limited to a maximum adjustable between 400 and 1000C. Q h
! Error amplifier: vanable gain (rear panel control), maximum sensitivity 2 mA/C error *

(approximately one half maximum power.)
"

; Programming:
| RAMP /SETPOINT: permits use of the 520 as a setpoint controller using the ENDPOINT
|. control. gg

Oi; INTERNAL / EXTERNAL: chooses internal ramp or arbitrary T(t) from external source such O
'

as 900 interface with ramp clock option A 010 V input corresponds to 0-1000C. -

; .. RESET / HOLD' action at end of ramp.

l
5

-

.

1 ',t

4-

'

-
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T
temperature (m!?W .nternally to 0-100C) for background run.,

START: initiates ramp. This switch is paralleled by the RAMP switch of the 510 system
con 1rolier.

STOP: aborts ramp.
External logic control: START, STOP, and CLOCK DISABLE lines (TTL active low) permit
computer control for special program requirements.

Pen lift output: TTL compatible, high or low active level selectable.

Meter: 01000C , or 1 10C error, selector switch on front panel.

TC connector: Omega Engineering type SMP-K

Power: 115/230 VAC 50-60 Hz,6 W.

Physical: 3.05" wide standard Daybreak module.

i Option: Independent setpoint control (in place of RAMP indicator on the front panel).
'

This is useful for preheating and for predose activations.

NOTE:The standard model 700 glow oven is warranted only to 500C

52' AC JowerCon":ro- l
/

0 u. ..

l. . . .
,,

..

I

| Features
a Phase controlof highly inductive transformer loads

a 6 amp capacity,115 or 230VAC operation

a isolatedinput

The model 521 AC power controlis a primarily for those purchasing the 520
phase control triac AC power module alone for use with their own glow ovens.
developed especially for use with highly Purchasers must provide fusing and oven
inductive loads, such as transformers. The power switch. This controller can also be
input signalis a current (0-10 mA), supplied in a 4.5 inch wide Daybreak
optically coupled to the AC circuitry. Load module with main and oven power
capability of the output triac is 6 amp. The switches and xy recorder connections as
function of the 521 is included in the 510 the model 511.
system controller, and the 521 is intended

Specifications
Physical: 2" x 4 5" x 3.5"

Electrical: 115/230 VAC,2W plus load power

,

9
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Features
*

a High sensitivity single photon discriminator

[f
a Charge sensitive for noise immunity

5 ECL output drives 50 ohm cable *
.

a Small size to fitinside PMT housing

es

The model 530 amp / disc converts the low single-ended or differential, capable of M
level current pulses from the anode of the driving 50 ohms (or 100 ohm twisted pair "

photomultiplier tube to standard logic
'

transmission line). This device is compact
pulses. It comprises a charge sensitive and mounts within the PMT housing. The
amplifier, which is highly immune to line sensitivity is sufficient for all PMTs
noise and radiohequency interference, commonly used for single photon count-
and a fast, tre ble-free voltage com- ing.
parator. The output is ECL-compatible,

Specifications
Sensitivity: 0.1 pC threshold maximum. Sensitivity may be reduced by internal adjustment.

Ampitfier rise time: 4 nsec.

Output pulse width: 7 nsec minimum (measured with mercury pulser); will follow width of
input pulse at discriminator threshold.

Output level: negative going ECL (+4.1 V to +3.2V). driving 50 ohms. Complementary
outputs permit differential driving of 100 ohm twisted pair line.

Power: +5 V at 75 mA, +12 V at 25 mA.

Physical: 2.47" diameter,0 60* high.

|

|

|

.--

--%- ___ =
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Features
~

bE Converts photon pulses to analog rate voltage 540 RATEMETE -
E Automatic dead-time compensation for high analog dynamic range

W Built-in HV power supply
.

.

'

5 TTLoutputtocomputerinterface
'

2"'

3 + t
.

~

The mode! 540 ratemeter converts the logic pulses from the 530 photon amp / disc to an
analog voltage proportional to their rate. It features a proprietary pile-up compensation circuit
that automatically and continuously corrects for dead time losses according to the relation, i

TRUE RATE = OBSERVED RATE / (1 DEAD TIME FRACTION). xto wv wv on
IFor fairly slow PMTs such as the EMI 9635 usually used for TL measurements, dead time per

, 7, g, . y ,
detected photon is 40-100 nsec depending on disen.minator threshold, and losses amount to ,
4-10 per cent at 10" counts /sec. This reduces dynamic range and accuracy, and limits the Ti Eyv arr
use of single photon counting in reading high efficiency TL phosphors to low doses. The 540
also includes an integral HV power supply, fifteen ranges to 2x10' counts / sec (usable with

.

"" " *
the standard 9635 PMT only up to about 10' because of dynode sinng loading), and an
active filter output stage with resistor switching to eliminate glitches when changing time 1o* '

constant. A TTL pulse output (the input divided by two)is provided for connection to the
'

mode 1900 interface or to an external counter. q / i

O1 ~ -

510
''

Specifications -

2Input: negative-going ECL, differential input. s
1 io

Ranges: 12 ranges 500 to 2x10* counts /sec full scale, plus divide by 10 (front panel switch)-
for 5x10' to 2x10' counts /sec. 5 2

Pile-up compensation: within 1 percent to 50 per cent dead time.
i

Analog output: 500 mV full scale for 100 mV/ inch XY recorders. cNrs sec

Zero suppression: subtracts 0-1000 counts /sec dark count from output. g,o . vi.
Time constant: 0.03. 0.1,0.3.1,3,10 seconds. suPPRFsSf0N CONSTANT

,

Meter: displays 0-100 per cent full scale and 0-2000 V, selectable by front panel switch. 1 3

" '
HV power supply: negative,600-1600 V at 0.5 mA, front panel screwdriver adjust, HV
on/off switch with LED indicator and remote HV enable (switch closure to ground). "

: Connectors: 5 pin Amphenol series 126 connector for amp / disc power and signal, SHV for
high voltage. o-1000 cNis src secys

i Power: 115/230 VAC 50-60 Hz,10 W.

DAYBREAKPhysical: 3 05" wide standard Daybreak module.
. O

- O
:

. . 3
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; Features
a Fast and slow pairs discrimination

' '

, .

s Threedigitalcounter/ displays

a Built-in HV power supply-

B Charge sensitive for immunity to electrical noise \
a Highlystable

,

W HVinterlock to prevent PMT damage

a Interface to printer / controller

Daybreak offers a unique low-level alpha -

counter for TL dating applications. In
addition to a 4-digit total events counter,
the model 582 has a slow pairs (20-400

,,

msec resolution) and a fast pairs (0-4
msec resolution) discriminator with 3-digit ~ '

counters. These latter are used to deter-
-

.

.

mine U/Th ratio and Th-230 and Pa-231
~

content for sediment dating by the isotopic ""
ratio technique. In one compact module, o '

''
? the 582 contains a preamp / shaping

amplifier, integral discriminator, counters,
and HV power supply.The charge
sensitive preamp is highly insensitive to
electrical and radiofrequency noise, so
that a printer is unnecessary, but signals housed externally to the module in a acrylic counting rings of 0.50,1.00, and
are brought to a rear panel connector for magnetically shielded enclosure with HV 1.73" inside diameter and ZnS scintillator
an intelligent printer (model 584) that will interlock to prevent damage to the PMT. powder and cellophane tape for general
record and store in non-volatile memory The counter is powered independently of purpose counting use, and 1.73"1.D.
data from up to 250 counting periods for the remainder of the TL system. Access- sealed counting cells for use with ZnS-

q later processing.The 50mm PMT is ories for the 582 alpha counter include coated mylar scintillation screens.

. Specifications
Amplifier: 2x10$ and 2x10" V/ coulomb sensitivity, unipolar gaussian pulse out.2rsee width,
pole-zero compensation.

*

Integral discriminator: 50 mV to 5 V (10 turn pot).
* HV power supply: positive,600-1600 V at 0.5 mA, set by front panel 10 turn pot HV on/off
f switch and LED indicator on front panel, safety interlock. Maximum output ripple,50 mV P-P.

Counter: to 1 MHz. 4-digit for totals counter,3-digit pairs counters. START /STOP and
RESET switches. Gate mode:in/out switch on front panet, rear panel BNC connector. Slow
pairs detector has 20 400 msec acceptance period for 95 per cent detection efficiency of
Th-232. Fast pairs detector has 0-4 msec acceptance penod.

Power: 115/230 VAC 50-60 Hz,10W.

Physical: 3 05" wide standard Daybreak module,8" high by 4" diameter PMT housing

!

. .. . . . . .
_
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Features : -

O Fast and slow pulse pairs discrimination
*

5 Built-in microcomputer and printer in one compact module

O Post-countingdatareduction |
-

3
-

0 Non-volatile memory holds data from up to 250 counting intervals

3 Power failure recovery without data loss -

O Built in calibration period timer
--

O Displayof 8currentdataregisters

O Selectable count and calibration periods

The 583 combines the proven capabilities failures are dealt with gracefully; their
of the 582 alpha counter with intelligence occurence is noted and counting resumes
and a printer. The cumulative and incre- exactly where left off, after a short delay,
mental total events and pulse pair counts without any loss of data. Counting is
are printed at intervals of 1,2,4, or 8 ksec suppressed during periods of low power ____

and stored in non-volatile memory for later mains voltage. As an added feature, a
processing. After the count has finished, calibration timer mode for set up of the
the data is scanned for possibly noisy data, discriminator threshold is included. The

-

which is flagged. Average count rates and single 4-digit LED display shows cumula-
3

standard deviations are computed both for tive and incremental total events, f ast
raw and adjusted data,and long term pairs, slow pair s, and elapsed time as
trends indicating thoron or radon decay chosen by the DISPLAY ROLL key.
and radon build-up are noted. Power

Specifications
Amplifier: 2x10"' and 2x10" V/ coulomb sensitivity, unipolar gaussian pulse out,2psec width,
pole-zero compensation.

Integral discriminator: 50 mV to 5 V (10 tum pot).

HV power supply: positive,600-1600 V at 0.5 mA set by front panel 10 turn pot, HV control
switch and LED indicator on front panel, safety interlock with LED indicator. Maximum output
ripple,50 mV P-P.

Pulse pair discrimination: Slow pairs detector has 20-400 msec acceptance period for 95
per cent detection effidseey of Th-232. Fast pairs detector has 0-4 msec acceptance
period.

Counting period: 1,2,4, or 8 ksec, settable on rear panel.

Calibration period: 100,200. 400,800 sec.
Printer: 20 column thermal,1.50 inch wide thermal paper.

Keyboard: COUNT, CAllBRATE, PAUSE, STOP/RES T, HV EN ABLE, DISPLAY ROLL
and PAPER ADVANCE. Mooet 503 encrosure with three

580. series counters
Display:4 digit LED, plus cix annunciator LEDs.

Data retention time: 10 years minimum.

Power: 115/230 VAC 50-60 Hz,15W.

Physical: 3 05" wide standard Daybreak module,8" high by 4" diameter PMT housing.

_ _ ._ . . _ . _ _ . _ _ .- _ _ _ _ . _. - _ _ , _ _ _ _ _ _ _ _ _ _ _ . . .
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[ Features
a Provides intelligent functions of 583 for 580-series counters

E Controls host alpha counter
'

i

'

5 Uriaffected by power failure

i The 584 permits upgrading of the 580- failure indication. Three printers vill fit on Alpha counting acceSSones. Sealad Cell and
series counters to 583-like operation. It is 1op of a 503 enclosure.580-series :ounters Zn s on mylar scintillation screens.
packaged in a form similar to a small shipped after the beginning of 1913 come
printing calculator for convenience. Up with a connector for the 584, th(se Units,

to three 584s are powered by a single 585 shipped prior to that will need a simple mod-
power suppiy which also provides power ification which may be done by the user.

s
,
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L Features O O ''

E Controls 700-series electrically-actuatedirradiators'

a 1-9999 sec exposure times
$;- E Optional 0.1-999 9 min or 1 9999 min ranges ',
''

E 1 A at 12 VDC output

o, 0100
The model 590 timer controls the specified on the order.) A four-digit *

.- 700-series sample irradiators, openine thumbwheel switch sets the time, and a

I-
shutters for per ods settable to 1-9999 4-diga display shows the time elapsed.
seconds. (Various other clock division Exposure may be interrupted without
ratios can be implemented to permit resetting the timer, and then resumed. A ,
counting by 1 or 10 second. 0.1 or 1 front panel switch selects alpha, beta, or
minute intervals. Options other than the gate mode Output is 12 VDC at 1 A. '

3

: standard 1 second increment must be -

j' g,-
#'Specifications .a

Powen 115/230 VAC 50/60 Hz.15 W
''

Physical: 3 05" wide standard Day-
' ' . 'break module.

.
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Features
E 32-bit photon counter G G
u TL system status register

5 Turns system XY recorder into digital plotter

E Complete computer control of temperature program

u Optional extended control of TL system (valves, HV enaple, ramp)

m Installation kits available for connection 1o other TL readers

""
The model 900 interf ace provides the standard 3.05" wide Daybreak module ',
means of communication between the and plugs into any free slot in the TL
TL system and the computer, transferring system module bin. The interface may be s . 2

information to the computer for glow- connected to other photon counting TL
curve recording, and from the computer, readers Power requirement is 115/230
via DACs, to the system XY recorder. VAC 50-00 Hz,15 W.
With optional system control expansion All control functions are memory-
and ramp clock, the interface has total mapped, that is, writing or reading certain
command of the TL system for auto- memory locatons will set or clear the
mated applications. The 900 consists of various modes, select data spacing,
a 32 bit photon counter, an 8-bit status place data in DAC latet nes, etc., and
register, and two 12-bit DACs with data together occupy 256 bytes in the compu- .

latches, together with the associated ter address space. There are nine basic
control circuitry. The unit is housed in a functions:

ADDRESS * FUNCTION

O Read Status When this address is read, the status byte
(DATA READY, RAMP ON, RAMP CLOCK,
FIRST RAMP, PENREADY, and three
expansion bits)is placed on the data bus.

16 Read Counter When DATA READY goes high, the first byte
of the photon counter is available for reading.
Subsequent reads access the other Counter
bytes sequentially.

64.80 Write DAC Data present on the data bus is written DAYBRfAK
96,112 into the chosen DAC latch (Xhigh, Xiow, e O

Yhigh. Ylow).
. - g ,

128,129 Pen Mode if graphics mode is invoked,128 causes the '

I XY recorder pen to drop,129 to lift. Other-
wise, the 520 is in control of the pen.

144-159 Move The X and Y DAC registers increment or
i decrement in combination to produce

pen motion in one of eight directions.

160+N Set Space DATA READY goes high every N RAMP
CLOCK pulses, where N = 1-15C/ data point.

176 Data Mode XY Recorder connected to TL system signals

177 Graph Mode XY recorder is connected to DACs

224 System Reset initializes interface.

240 Ramp Start Starts the 520 ramp.

182-207 Reserved - - for expansionsystem commands.

* add to Apple !! slot base address $Cn00 where n = slot fr.

- ~ .
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The interface function is completOtbreak TL system. The ramp clock optionv

-

fy . -

the 910 cable / driver card which, for use for the 900 interface allows the interf ace **

Wsth Daybreak applications software, to generate a voltage ramp (0-5 V or *

plugs into the Apple lie slot number 4. 0-10 V) to use in place of that in the ,

onginal temperature controller. Connec.
The 9900 computer system is compatible lion kits for Littlemore TL readers can be
with other TL readers besides the Day- provided, others upon receipt of details.

9~0Acoe
Caa e Driver Carc

.

.

Features
a Connects 900 interface to Apple 11 computer

a Shielded ribbon cable for low EMI

The 910 driver card plugs into one of the face. A single 26-conductor shicided
Apple 11 t/O slots (usually #4) and nbbon cable provided with the 910
includes address drivers and bidirectional connects the computer with the TL
data bus drivers to ensure valid data reader apparatus.
transmission to and from the 900 inter.

Specifications
Length of cable: 6 feet.

Power: +5 V derived from Apple Il slot.

l
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Features
|
|

s Advanced, low power design for fast cooling

! e Low volume for fast evacuation

a Two-stage vacuum valve and purge gas surge suppression prevent sample movement.
|m 600C operation.
|

'W
The 700 glow oven is of an advanced
design, constructed from a substantial
aluminum block for high thermalinertia,
thus reducing cooling requirements.
Water cooling channels are provided, but

-

are generally not needed unless the
- '

oven is in constant use f or several hours.
Thelow power consumption of the
heating plato, typically 60W for 20C/sec

l runs to 500C, further contributes to fast
! cooling. The smallinternal volume,2

cubic inches, of the oven makes evacua.
,

! tion f est as well_

|
The glow oven is mounted on a

plate measuring 8" by 20* along with the
heating plate transf ormer, vacuum and
purge gas solenoid valves, purge gas
pressure relief valve, and vacuum gauge
tube. it is intended for mounting in a
bench or desk cut out, but the mere 3.5"
depth under the mot'nting plate permits
above bench mounting if necessary.

A fine-gauge chromel-alumel 700 Gkiw Oven with 720 PMT/ Housing

thermocouple is welded to the center of

I the 1.0" wide,1.25"long heating plate.
Sample to photocathode d: stance is

^

approximately 0.5" for high light collection ; .t.JG '
efficiency, yet the low heating power and Yy[;d

% ,, g
' ' '

purge gas movement across the heating -

plate prevent photocathode heating D . f
in order to avoid sample movement

-

g - ,, j
.

when evacuating or purging, the evacua- - - -s .' T :
tion is done in two stages, first a bleeder - 4
valve opens to bnng oven pressure down W.8:1+ y, I'% g

0 34Y ~- gto a few mmHg, then after a delay of 0-10 , g, =*seconds the main vacuum valve opens to f
N 3 " -',7 j'

-

,speed evacuation; secondly, a needle 3 ,

valve on the purge valve prevents surging
.

from gas pressure built up in the supply
~ - -

Inne 700 GIow Oven underside
Total power consumption is 120 W

maximum.115/230 VAC. Solenoids are
delivered either with 115 or 230 VAC coils,
and supply voltage must be specified on
the order.

-

i
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2 Features
1

s Similar to 700/720. but usable to 800C'

5 Spectrosil window for PMT protection4

3
4 .

1 The 701 glow oven is similar to the 700 but holder of the 721 housing has a spectrosil
is designed for use up to 800C. The window, reflective light guide, and heat<

heating plate is lengthened to 1.60" and dissipation fins to prevent photocathode
a the mass of the oven block is increased to heating during extended penods of high

maintain a fast cooling rate. The filter pack temperature operation
|

4

(4 20 3 ousinc-

v
r,.-

! Features
*

q 5 Integral amp / disc for single photon counting
I a EMI96350Astandard

n Easy optional filter exchange
t

The 720 PMT housing is of a conventional Curning 5-58. which together with the 4-69
design wrth electrostatic shielding. The affords exceptional red rejection, at the
filter pack. of single or multiple optical penalty of only a 30 per cent peak trans-
glass filters. is easily changed withoe' mission Another filter, useful for sediments
housing disassembly. The 530 ampidisc where feldspars appear to be both more
il mounted within the housing as a linear and more bleachable than quartz, is
standard feature. the Schott UG-11. used in conjunction with

The 720 is supplied with an EMI a red-rejecting tilter.
96J50 A PMT selected for low dark count, Dimensions are 3" diameter,9" high.

4 and with one filter pack made up of There is an SHV for HV input (negative),
q Corning 7-59 and 4-69 filters 2 400" and an Amphenol 5-pin series-126 male

diameter. Others are available on request connector for amp / disc power and signal
,

One of possible interest to those who lines Filter packs up to 9mm thick are
expect moderately high light levels is the accommodated



. - - - - _

, , , , ,

'

f0 3e':a rr cia:or

Features
e On-plate beta irradiation

e Electrically actuated failsafe shutter

E Lightweight but effective shielding j

The model 740 beta irradiator is a shielded
enclosure for a beta sealed source with an
electrically-operated shutter. Daybreak
supplies two strontium source with
different activities. but a custorr -supplied timer.The 740 mounts on the glow oven surfece of the shutter) and behind another
source can be accommodated if drawings for on-plate irradiations at a 0.75" source- to shie!d against lateral radiation (less than
are submitted with the order. The shutter is to sample distance. The beta doserate is 6 mR/hr at the case surface). This lateral
a composite for low bremsstrahlen pro- approximately 6 rads /sec for a 125 mci shield is primarily to prevent increased
duction and is spring loaded for failsafe Sr-90 source. It is recommended that the dark countin the 1L reader PMT from
return. This device and the other 700- 740 be stored on a lead bnck to stop fluorescence of opthalglass filters The
series irradiators described below are radiation escaping through the shutter shutter is designed not !c open under any
intended to be controlled by the model 590 (about 300 mR/hr measured at the outer orientation when not energized.

Specifications
Power: 12 VDC,450 mA, coaxial cable with BNC termination

Sh'Od cavity: 0.410" diameter 0.250" deep. others on request.

Irradiation aperture: 0.50"

SSD: 0.75"from active surface to heating plate.

Physical:4 00" diameter,3 75" high, weight 5 lbs.

50 A na rracia~or

Features '

E Close geometry for fast irradia* Jns

a Electncally actuated failsafe return shutter

The model 750 alpha irradiator is a order. The sourceis mounted on a cannot be accessed without disassembly
shielded enclosure for a sealed foil alpha solenoid-actuated arm that, when ener- of the enclosure. Doserate is approxi-
source. Daybreak supplies a 0 5 mCe gized, brings the source out of the housing mately 100 rads /sec for a 0.5 mci
Cm 244 source for this device, but into position over the sample well. Source. Cm-244 source with 0.48" active diameter.
customers' own sources may be accom- to-sample distance is approximately
modated if a drawing is submitted with the 0.040". The active surface of the source

Specifications
Power: 12 VDC at 350 mA. coaxial cable with BNC termination.

Source dimensions: 0 875" diameter max. 0.25" high max.

Sample well: 0 400" dia meter. 0 030" deep-

SSD:less than 0 050".

Physical: 4'' wide.1 75" high. 3" deep

|

I
|

__ _ . . . . . . . .
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Features Specifications (M Irradiation in vacuum for higher precision Power:12 VDC at 350 mA.

5 Uses glow oven vacuum Physical: 4" diameter,2.3" high.

The model 760 alpha irradiator is similar to under vacuum at a source-to sample
the 750, but follows the recommendations distance of 1 cm. Vacuum is obtained by
of Singhvi and Aitken (ANCIENT TL, N' . 3, mounting this irradiator on the glow oveno
Spring 1978)in performing irradiations and using its valves.

.

765 Vacuum OM a~e
! A ala rracia~o-

Features
e As 760, but source positioned over heating plate.

m Sample need not be moved

The 765 irradiator is essentially the same where the grains Cannot be Conveniently
as the 760, but allows the irradiation to be moved between irradiation and readout.
done with the sample on the heating plate. The source-to-sample distance is fixed at
This deviceis intended pnmanly for 0.400".
pre dose dating of incessn samples

I

Racioiso:oce Sources
Daybreak has designed a number of sealed radioisotope sources to be used with the
700-series of irradiators, which are manufactured for us by isotope Products
Laboratories, Burbank, CA. These include strontium 90 sources of two activities, and a

j curium-244 alpha source

d SR-90 Strontium Source "' "-

Nominal activity: 125 mCiin equilibrium with Y 90 j : Y.T.''',

Overall dimensions: 0.405" diameter x 0.250" thick '
,

5*'*"'**''
.

Active diameter: 0.35" ' " ~
e,

Method of calibration: Beta output measured with thin window ion chamber whose efficiency " ~ ~T.~ ^
has been determined using a secondary NBS Sr 90 standard '

, . .

SR-90-2 Strontium Sotr~-
4

Specifications identical to SR-90 except or pre dose calibtations

| CM-244 Curium Sourcc
Nominal activity: 0 5 mci N ** '-

, , , , , , , ,

; Overall dimensions: 0 75" diameter x 0 25" thick
, . , - < ;] *a

Active diameter: 0.48" 23* '' ,:',:'"~,

<
''

Method of calibration: measurement of L x ray output by scintillator.
,

7 ' --
A so *1.
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Features.

| e Best choice for long exposure times

a Up to 20 samples automatically irradiated

W Choice of alpha or beta irradiation for each sample

a 19999 sec exposure time for each sample

e interactive data entry

a irradiation program printed out
;

e Printout of irradiations as performed

a Failsafe shutters with continuous monitoring

The Daybreak model 801 multiple sample mci Sr-90 source loaded is less than 0.5 the customer in five minutes' time. If the
t

arradiator is a time saving accessory for the n,R/M and less than 1 mR/hr at any point customers' own sources are to be used,
TL datir'g laboratory where many samples sn the case surface other than the bottom we must have accurate drawings fur-
may require long irradiation Smes. While directly benesth the beta source, where nished with the order s,o that the shields
this irradiation has customarily been done the exposure rate rises to 2 mA/ hr with the can be properly sized.
with the sample on the glow oven heating shutter open. The size of sample accommodated is
plate, the time lost from usefu: work is often Because of licensing and trans- determined by inserts which are secured
excessive when TL dating is routinely portation restrictions, the 801 cannot be to the revolving sample carrier disk. One
done, shipped with sources installed. This size is supplied with the 801, nominally

The model801 exposes up to 20 instrument has been designed for ease of 1 cm diameter, and others may be made to
samples sequentially for penods each source loading, so that it can be done by order. Sizes may be intermixed on the
settable to be 0 9999 seconds, and the
choice of beta or alpha exposure settable
for each. Operation after data entry and
sample loading is completely automatic.

'
The system is controlled by a micro-
processor, and includes a 20-character -

alphanumeric display for operator prompts
and system status (sample number, set
time, and elapsed time) and a thermal line
pnnter for data logging. Da(a entry is

fsimple and interactive, and the printer
j

makes a record of the exposure program y
for double-checking. As each sample is

$exposed, its actual irradiation time is
]logged. During exposures,irradiator status J

is continuously monitored and any anom-
aly causes the shutter to close and a
warning message to be displayed.

The irradiator may also be used for a-

g,single sample.and external electrically-
shuttered exposure devices, such as the,

Daybreak 700 series of irradiators may be |,
accommodated as well.

The beta irradiator of the 801 is similar
to the 740. with the addition of a minimum
of I cm of lead shielding around and below
the irradiated area The composite shutter
is spong loaded for failsafe return. The
alpha irradiator is similar tultu 750. The,

'

exposure rate at the front panel with a' 125

i

, _. . - - _-. . . - - - - - - - - - - - - - - - - - --- - --- - - - - ' - - - ' ~^ ^
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Carrier disk. A maximum diameter of ()
mm is recommended because of sourc)e

. .
y u

*

fall-off beyond that diameter. .

.

Specifications
Number of samples accommodated: 20

Exposure time: 0-9999 seconds

Exposure rate: depends on source and source to sample distance, With Daybreak SR-90
and a 12.5 mm SSD, the rate to quartz is approximately 8 rads /sec. The alpha doserate with
the CM-244 is about 100 rads /sec.

Front panet: 20 character alphanumeric display. Keyboard: numbers 0 9, LOAD, ENTER,
EXIT, CLEAR ENTRY, 4- -+ , RUN, STOP, ALPHA / BETA. Switches SINGLE /
MULTIPLE, INTERN AL/ EXTERNAL. Indicators: SAFE, RADIATION for alpha and beta
irradiators. Key-operated switch for power on/off.

Printer: 20 char /line thermal printer
*

Physical: 8" high.15" wide,17" deep, weight 34 lb.

Power: 115/230 VAC 50/60 Hz,70 W maximum. )
.

!

_ _ ----- ----------------- - -- -- -
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Software Features
O Complete turn-key computer system for archaeological and geological dating

C Menu-driven (single keystroke) hierarchical organization provides flexible,' user friendly'
operating environment j

, .

O Complete USCD p system running in 128K memory * "" *

" '# '
O Segmented (memory overlay) architecture for maximum efficiency of memory use

IEO All software on line all the time, no reloading of data or program to redo an operation N

O Open-ended to support new analysis techniques as they arise on,

"O Software organized as set of fully-documented library units with full complement of utilities

h"for ease of customization

| 0 Example source code for user written programs provided plus computational portions of

| application soflware
* ' ~

| 0 Handles up to 80 glow curves in one file m

O Many modes of numerical filtering, temperature shifting, and normalization included Plateau with errors

O Hard copy graphics output on printer in two resolutions, and on XY recorder 32.c k och rda sio,s no,'r M a

O Plateau and fade tests allow averaging of multiple curves and computation and display p y g12

of errors ;
C Flexibh growth curve analysis for conventional equivalent dose and intercept computation y "

and the currently most useful optical bleach technique.s of sediment dating with error i
"analysis

O Complete age computation with ngorous error analysis ,y,
,

. *"' "*
.

O System configuration file holds system and source parameters to minimize set-up time

O Free update service for two years de r at

T glowcurvesonfloppydiskmedia,
he Daybreak 9900 computer 280 x 192 pixel screen dumps and higher The software is menu-dnven and exten-
systemintegrates with the resolution 560 x 386 plots. together with sive prompts make it almost self explana-
Daybreak TL system to record plotting on the system XY recorder. The tory.

900 interf ace with 910 cable /dnver card is The major program TLAPPLIC, takes
to reduce these to equivalent dose, inter- also included. glowcurve data and records it on disk,
cept and alpha efficiency measurements, e afterwards processing it to obtain plateau
cnd finally to TL dates with full error aO Sre intormation, growtn curves, equivaient
analysis. Raw or background-subtracted The 6pplications software has been written dose, and alpha efficiency, while providing
data as well as graphs of computational in UCSD Pascal, a f ast, block structured hard copy plots as desired. Data is taken at
results may be plotted either on the system compiled language which has become the SC intervals,in the form of 100-point
XY recorder or printer. All TL applications standard for serious programming of small arrays (0-500C), or for those with high
software is in the form of fully-documented computers. Tf'e current version (1.2) temperature ovens,140 point arrays (0-
system library units for the use of those implements a 128K memory space, which 700C). A second program, TLDATE,
users who need to wnte special code for together with sophisticated memory over- computes the TL age and errors according

' their particular applications. The current lay techniques permits development of to Aitken (ARCHAEOMETRY 18 (2),233
software version is implemented on a new extremely large and versatile programs. (1976)) with all corrections to date (Artken,
t28K version of the UCSD p-system. As a , FORTRAN is available as an option, and pnvate communication).
bonus, the 9900 may be used as a general Pascal and FORTRAN code may be mixed TLAPPLIC has two major functions.
purpose scientific or office system com- in this implementation. The first is data taking. Very little beyond
puter, with over 10.000 programs available. The Daybreak 9900 software pack- the usual setup time for a glowcurve is

HSrdW8re age integrates a number of highly inter- required to enter runtime information. Data
active orocedures for data taking. for dose for sampie iD. irradiation source intorma-

The computer is based on the widely-used and data computations, and being organ - tion, and general running parameters are
Apple lie microcomputer running the ized as system library units with only a entered menu-fashion, mostly with single
UCSD p-system in 128K memory. There short skeleton calling program, makes keystrokes, on opening a new data file

| are two 5.25" floppy disk dnves and a high wnting of user special code extremely (and many of these are on the system
resolution 12" video monitor. The standard convenient. The package is written to be configuration file, updated only as
pnnter is an Epson FXe80, a fast 80- immediately usable by someone with required). As a new file is opened,there is .
column dot matrix printer with graphics experience with TL but no special a check made to make certain that
capability. Software is included for both knowledge or expenence with computers sufficient space exists on the disk. For

-



7.4i | ' 'eme

each glowcurve, a run type (N N+ plateau and integration procedures oper- the library in one of the skeleton Calling'
etc), irradiation time and optical bleach ate on this data The plateau is computed programs provided.,The growth' curve
parameters if applicable, and optional in the usual fashion with up to five each of procedure is provided with general pur-
remark are entered before starting the N and N+ dose curves averaged together pose and flexible sort and fit routines ahd a
ramp A usefuloptionalfeatureis auto- and displayed and plotted with error bars. model given for adaptation. Up to about 40
matic entry of the background glowcurve Similarly, a fade test can be made. Finally, user procedure segments can be accom-
without operator intervention. After each the growth Curve analysis with linear or modated, the major limitation being disk
glowcurve is recorded,it may be rescaled polynomial fit is made to obtain equivalent space to hold the program code! Of
and plotted on the pnnter Finally, on dose and alpha efficiency. Here, a menu of course, you can add more disk drives
closing the file, disk space for the the various techniques implemented (user libranes no longer need be on the
background subtracted data generated (standard TL plus the three presently used system boot disk).
later, and used for subsequent computa- sediment techniques - R-Beta (or The final result.TL age, is then
tion,is reserved. gamma), regeneration, and total bleach computed TLDATE follows the method of

The second, and much more com- (N + dose - bleache' N)is displayed After Aitken very closely, and the program text
plex, function of TLAPPLIC is data a choice is made, ar d further choices as file is included for alteration as required by
reduction. Up to 80 glowcurves (of which to optical bleach par 3 meters if applicable, the user's specific needs. All data entered,
one at least must be a background curve) the Categories rd grcwth curves required partial doserates, and very detailed error
are supported. After specifying an input are set up and then computed interactively analysis are printed in concise and

'

file,it is read in and a directory of curves to discard bad data. or automatically over readable form.
I within the file is generated and printed, and a temperature range. Dunng the interac- The time required by an experienced
j may be displayed at several points in the tive process, it is poSSible to back up and operator to go through the data reduction
j program for reference. In most cases, this rcdo portions bf the calculation. delete or of a routine 50 curve traditional TL file is

is displayed on the right half of the screen, replace points, and plot at will The end under 15 minutes. plus plotting time, and
- '

while the current calculation input / output results, equivalent dose, intercept. and an age computation using TLDATE should
is shown on the left. The operator may alpha efficiency are plotted against be less than five minutes' work. For
then look over the raw data, numencally temperature. sediment dating, time is difficult to judge,
filter, shift, and plot as desired. Background great advantage of the open- as there are so many options, but the
subtraction is then performed, with filtering ended approach embodied in hierarchical structure, with the ability to
and with manual or automatic correction the Daybreak softwareis the retrace one? Steps at will, makes for
for any temperature shifts that can occur ease with which new computa- efficient and c anvenient operatm
at high ramp rates due to variable thermal tions can be accommodated For the Except fo TLDATE and example user
contact of the sample with the heating active research scientist, a ' canned' programs, sof, ware is providej in binary
plate. Because of this possibility. it is program is never enough and certainly we form only ur; der the terms of the licensing
recommended that a background glow- Cannot anticipate everyone's special agreement (copy available on request).
Curve be recorded with each TL curve, the needs. although we have made a great Special programming and customer
automatic background recording, together effort to do so For this reason, we have assistance are available. and updates are
with the fast coohng Daybreak glow oven made it very convenient to add functions provided free of charge (beyond air,

facilitate this The subtracted glowcurves or computations by configuring the soft- express shipping cost) for two years after,- are then wntten into their own disk file for ware as a set of fully-documented library installation
! further reduction, and may be weight units with a wide range of utilities for file

f normalized, inspected. and plotted. Further and screen management, graphics, and
shifting, by lining up curves against one interface control. Thus, the user has but to
chosen as a ' master, may be done embed his own special code using the
semi-automatically and interactively. The utihties and predefined data structures in

f
< \

,' )

.m . 3 ,
. . - +

I
-

W -'

| W.Mu , 4:
i ,, , _ - , . . . . ._ Psm

t /M, .

4
} $$

. .m . - 9

9900 Computer System

|

.

-- - .. - ._- - . _ __



|
i.. .. x gs

'*
.

-

)

"But about a little after sunset, whilst the twilight yet lasted, nay, this morning a pretty
while after sun rising (but before I had been abroad in the more freely enlightened air of'
the chamber) I could upon a light affriction easily perceive the stone to shine.

For holding betwixt my fingers a steel bodkin, near the lower part of it, I pressed the
'

point hard against the surface of the diamond, and much more if I struck the point
against it, the coruscation would be very sudden, and very vivid, though very vanishing
too: and this way, which commonly surprized and pleased the spectators, seemed far
more proper than the other, to shew, that pressure alone, if forcible enough, though it
were so sudden and short, that it could not well be supposed to give the stone any
thing near a sensible degree of warmth, as might be suspected of rubbing, yet it is
sufficient to generate a very vivid light. |

| also brought it to some kind of glimmering light, by taking it into bed with me, and
holding it a good while upon a warm part of my naked body." |

l

SIR ROBERT BOYLE,in Observations made this i

27th of October,1663, about Mr. Clayton's Diamond. |

'

"May: 'Oh. Have the crystals faults like us?'
Old lecturer: 'Certainly, May. Their best virtues are shown in fighting their faults. And some
have a great many faults; and some are very naughty crystals indeed.' "

JOHN RuSKIN. The Ethics of the Dust, Ten Lectures to
Little Housewives on the Elements of Crystallisation,1866.

_ _ -
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B AK NUCLEAR AND MEDICAL SYSTEMS, INC.

PRODUCT DESCRIPTION

THERM 0 LUMINESCENCE APPARATUS FOR ARCHAEOLOGICAL DATING

The Daybreak TL system has been designed to accommodate the
particular needs of archaeological dating. It has evolved over six
years of laboratory use, and the electronics has been recently updated;
state-of-the-art, complex integrated circuits make high performance and
high reliability now possible at a very moderate ecst.

The Daybreak TL system has advantages beyond price over other TL I
systems. It is compact, modular, and expandable, and designed f rom the
beginning with a coherent overall plan for the contemporary TL laboratory.
You can start with a basic system and add to it as your needs and sophist- j
ication in dating grow. For example, the system is upwards compatible l

with an inexpensive computer system, the Daybreak 9900, that will record
glow curves on disk, do the data reduction, and perform error analysis.

Among the features unique to the Daybreak system are a stable,
reproducible digital ramp for heating rates 0.1-25C/sec, automatic repeat
ramp for background, a 'ow-power, low-volume oven for fast cooling and
evacuation, and a pile-up compensatgng ratemeter that extends the single
photon counting dynamic range to 10 counts /sec. Both ratemeter and alpha
counters have integral HV power supplies.

The system is packaged in two parts - an electronics enclosure (19"
wide x 22" high x 14" deep) housing five system modules and the XY recorder, i

and the glow oven assembly (18" x 8" x 3" deep, including transformer)
which is intended for mounting by the purchaser in a table or bench cutout.
An attractive desk (model 502) will be made available if desired. A typi-
cal system will include the 700 glow oven, 720 pmT housing with 9636 PmT
and 530 photon amp / disc, 50 liter / min vacuum pump, XY recorder, and the !

following modules: 510 system controller, 520 temperature controller, 540 |
ratemeter, 580 (or 581) alpha counter, and another 580/1 or 590 irradiation i
timer with 740 beta sample irradiator and 750 alpha sample irradiator. If I
more counters are required, or if counters are to be located apart from the
TL measurement apparatus, a separate enclosure can be provided. For large
labs, the 800/1 multiple sample irradiator may be a disirable accessory.

modules will be made available also in nim packaging (AC power only)
and rackmount versions for those wishing to upgrade existing systems. 115/
230 VAC power versions Lre standard for all models, except for the 510 and
800/1 for which there is a modest price adder.

Physical and utility requirements - at least 36" bench space, 115/230
VAC 50-60 Hz, 200W, plus power for vacuum pump (d Hp motor), regulated,
pre-purified nitrogen for oven purging, and cooling water (unnecessary ,

unless continuous operation in excess of two hours is expected).

:

37 North Street, North Branford, CT 06471 (203) 481-3970;
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510 TL SYSTEM CONTROLLER

The model 510 TL system controller module contains a thermocouple j
vacuum gauge, the 521 AC power control, switches for vacuum and nitro- '

gen solenoid valves, HV, DVEN POWER, MAIN POWER, and RAMP START switches.

Physical: 8.75" high, 4.5" wide, 10.5" deep module.

520 TL OVEN TEMPERATURE CONTROLLER

The model 520 temperature controller programs the temperature of a
TL glow oven in a ramp of variable rate and endpoint. Its output is a
current (0-10 mA) proportional to temperature error, and is intended for
use with the model 521 AC power control. A number of features, such as
automatic background run and setpoint operation, have been incorporated
for operator convenience.

SPECIFICATIONS
TC amplifiers gain set for chromel-alumel thermocouple. Negative

input. Nonlinear transient filter. Back panel ZERO. Output

to XY recorder is 200 mV/100 C.
Ramps linear ramp, 0-25 C/sec (1J turn pot). V-F converter plus

12-bit DAC with clock pulse out every degree C. Stability
better than 500 ppm /C. Endpoint 0-500 C (10 turn pot).

Error amplifiers variable gain (back panel control), maximum sensi-
tivity 2 mA/C error (about half oven power). Controlled
rate of power appl.ication to minimize half cycling in fast

;

response (less than 10 msec) ovens. i

Programming:
Ramp /SETPOINT: permits use of the 520 as a setpoint control-
ler, using the endpoint pot. I
INTERNAL / EXTERNAL: ramp or arbitrary T(t) from external source.

| RESET / HOLO: action at end of ramp. I

SINGLE / REPEAT: on REPEAT, ramp will restart once af'ter cooling
to near ambient temperature (settable 0-100 C) for background run.
START: initiates ramp. A remote START (switch closure to ground)
is also provided.

1

STOP: aborts ramp.

Pen lift out: TTL compatible, active high or low (selectable in-
ternally).

meter: 0-500 C, or 110 C error. Switch on front panel.

Power: 115/220 VAC, 6 W.

Physical: 8.75" high, 3" wide, 10.5" deep.

|
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4 521 AC POWER CONTROL

The model 521 AC power control is a phase control triac AL power
i module developed especially for use with highly inductive loads, such

as transformers. The control input signal is a current (0-10 mA),
optically coupled to the AC circuitry. Load capability of the triac
should not greatly exceed actual load for best performance. A 3A
triac is normally provided unless otherwise specified.

'

The 521 is normally provided as part of the model 510 system con-
troller. It is packaged separately for these purchasing the 520 tem-

j perature controller alone.

Physical 2" X 4.5" X 3.5";

j

530 PHOTON AMPLIFIER / DISCRIMINATOR
i I
| The model 530 amp / disc converts the low level current pulses from )
i the photomultiplier tube to standard logic pulses. It comprises a

charge sensitive amplifier, which is highly immune to line noise and
1

i radiofrequency interf erence, and a fast, troublefree voltage comparator. )
Output is ECL-compatible, single-ended or dif f erential, capable of driving

i 50 ohms. This device is compact and mounts in the PmT housing. The sen-
2 sitivity is sufficient for all PmTs commonly used for single photon counting.
{ We also make available the 531 amp / disc which has a TTL-compatible output

(50 ohms) with standard width pulses' (50-1000 nsec) for use with slow
| input counters and ratemeters. Contact Daybreak for details on this
j product.

i ' SPECIFICATIONS

| 5ensitivity 0.1 pC threshold max. Sensitivity may be reduced by
; internal adjustment.

j Amplifier rise time: 4 nsec.

i Output pulse width: 7 nsec minimum (measured with pulser); will
: follow width of input pulse at discriminator threshold.

j Dutput levels negative-going ECL (-900 mV to -1800 mV), driving
50 ohms. Complementary outputs permit dif ferential driving of,

twisted pair line.

Power: +5 V at 35 mA, -5 V at 65 mA; or +5 V at 75 mA, +12 V at 25 mA.*

Physical: 2.45" diameter, 0.6" high to fit within PMT housing. Also
available in alternative cased packaging 0.75" x 1" x 4" at,

extra cost.

* When the +5, +12 V option is selected, the output levels are +4.1- |

3.2 V, compatible with the 540 ratemeter input. ,

4- |
| )
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540 PHOTON RATEMETER

The model 540 ratemeter converts the logic pulses from the 530
photon amp / disc to an analog voltage proportional to their rate. It
features a proprietary pile-up compensation circuit that automatically
and continuously corrects for dead time losses according to the relation

TRUE COUNT RATE = OBSERVED COUNT RATE /(1-DEAD TIME FRACTION).

For fairly slow PmTSs such as the EMI 9635 which we recommend for TL
measurement, dead time per detected photon is 40-100 nsec depending on
discriminator threshold, and dead time losses amount to 4-10 per cent at
106 counts /sec. This reduces dynamic range and accuracy, and limits the
use of sir.u?e photon counting in reading high efficiency TL phosphors to
low doses. The 540 also includes an integral HV power supply, fif teen

7ranges to Ex10 counts /sec (usable only up to 107 with the 9635 because of
dynode string loading), and an active filter output stage with resistor
switching to eliminate glitches when changing time constant. A TTL
pulse output (the input divided by two) is provided for connection to an i
external counter.

SPECIFICATIONS
Input: negative-going ECL, differential (standard) or single-ended.

2Ranges: 12 ranges 5x10 to 2x106 counts /sec full scale, plus divide-
by-ten (front panel switch) for 5x103 to 2x107 counts /sec.

Pile-up compensations within 1 per cent to 50 per cent oead time.

Analog output: 500 mV full scale for 100 mV/ inch XY recorders.
Zero suppressions subtracts 0-1000 counts /sec dark count from output.
Time constant: 0.03, 0.1, 0.3, 1, 3, 10 seconds.

meter: displays 0-100 per cent range and 0-2000 V HV, front panel
selection switch.

HV power supply: negative, 600-1600 V at 0.5 mA, front panel screw-
driver adjust, HV ON/0FF switch with LED indicator. Remot e ,

enable (switch closure to ground). I

front Panel Controls: RANGE, TIME CONSTANT, ZERO SUPPRESSION,
X1/X10, METER (RATE /HV), HV ON/0FF , HV adjust.

Rear Panel Connectors: System power / control, HV (SHV), AMP /blSC
power end twisted pair signal.

Power: 115/220 VAC, 10 W.

Physical: 8.75" high, 3" wide, 10.5" deep.

,
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580/1 ALPHA COUNTER

Daybreak provides two models of low-level alpha counter for TL dating
applications. The 580 has a single 4-digit counter, the 581 has an additional
4-digit counter with pairs detection for determination of the uranium / thorium
ratio (Turner et al.. Brit. Journal Radiology, 31, 397 (1958)). Both include
preamplifier, shaping amplifier, integral discriminator, counter, and HV
power supply in one compact module. The charge sensitive amplifier is highly
insensitive to RFI and AC line noise, so that a printer is not required. The
2" PmT is housed externally to the module in a magnetically shielded enclosure
with HV interlock. These counters are powered independently of the remainder
of the TL system.

SPECIFICATIONS
Amplifier: 2x1010 and 2x1011 V/ coulomb sensitivity, unipolar gaussian

pulse out (T = 2 usec).
Integral discriminator: 0-5V (10 turn pot).

HV power supply: +600 to 1600 V at 500 pA, set by front panel 10 turn
pot, HV ON/0FF switch and LED indicator on front panel with inter-
lock.

Counter 4-digit, to 1 MHz. START, STOP, and RESET pushbuttons, READY
indicator. Gated mode: GATE ON/0FF switch on front panel.
581 only: additional 4-digit counter with pairs detection, 0.02-
0.40 see acceptance period for 95 per cent detection ef ficiency
for Th-232, while discriminating against the faster pair in the
U-235 decay chain.

Front panel controls: AMP GAIN X1/X10, DISC LEVEL (10T), HV (10T),
HV ON/0FF, GATE MODE ON/0FF, START, STOP, RESET, POWER.

Rear panel connectors: HV(SHV), AMP IN (BNC), AMP OUT (BNC), GATE IN
(BNC), HV interlock (RCA).

Power: 115/230 VAC, 50-60 Hz, 10 W.

Physical: 8.75 x 3 x 10.5" module, 8" high x 4" diameter PmT housing.

590 IRRADIATOR TIMER

The model 590 timer controls the 740, 750, and 760 sample irradiators,
opening shutters for periods of 0.01 - 99.99 minutes. A 4-digit thumbwheel
switch sets the time, and a 4-digit display indicates elapsed time. Exposure
may be interrupted without resetting timer, and then resumed. A front panel
switch selects alpha, beta, or gate mode (for 580/1 counter). Output is
12 V, 1 A.

M944
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700 GLOW OVEN

The model 700 glow oven is of an advanced design, constructed from a
substantial aluminum block for high thermal inertia, thus reducing cooling
requirements. Water cooling is standard, but not necessary unless the oven
is in constant use for more than two hours. The low power consumption of

the heating plate, typically 60W for 20C/sec run up to 500g, of the ovenfurther con-
tributes to fast cooling. The small internal volume, 2 in ,
makes evacuation fast as well.

The glow oven is mounted on a plate measuring 8" x 18"along with
heating plate transformer, solenoid vacuum and nitrogen valves, nitrogen
pressure relief valve, and vacuum gauge tube. It is intended for mounting !

'in a bench or desk cutout, but the mere 3" depth under the mounting plate
permits above bench mounting as well.

A fine-gauge chromel-alumel thermocouple is welded to the center of
the 1.0" wide, 1.25" land heating plate.

Sample to photocathode distance is approximately 0.5" for high light I

collecting efficiency. A reflective aluminum cone placed around the sample i

increases light gathering by about 50 per cent for about 75 per cent of
ioeal 2( geometry, disregarding reflective losses at filter surfaces.

Total power consumption is.120W maximum, 115/230 VAC 50-60 Hz. |
,

1

|

| 720 PmT HOUSING

The 720 pmT housing is of conventional design having magnetic and |
electrostatic shielding. The filter pack, single or multiple optical fil-

1* ters, is easily changed without housing disassembly. The 530 photon amp / !

disc is mounted within this housing.
The 720 is normally supplied with an EMI 96358 PmT, others optional,

and with one filter pack made up of Corning 7-59 and 4-69 filters 2.40" dia.
Others will be made available on request. One' of possible interest to those

" who expect moderately high light levels is the Corning 5-58, which, together
with the 4-69 affords exceptional red rejection, at the penalty of only a

,

30 per cent peak trancmission.i

Dimensions are 3" diameter, 8" high. There is an SHV connector for4

^

HV (negative standard supply), and an Amphenol hex connector for amp / disc,

power and ECL twisted pair output.
:
!

4

)
$
4
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740 BETA IRRADIATOR

The model 740 beta irradiator is a shielded enclosure with electrically-
operated shutter for a customer-supplied beta source. The sh' utter is a com-
posite for low bremsstralung and is spring-loaded for failsafe return. The
740 mounts on the glow oven for on-plate irradiations at a 1.7 cm SSO. Beta
dose rate is approximately 4 rad /sec for a 100 mci Sr-90 source. It is rec- I

,

commended that the 740 be stored on a lead block to stop radiation escaping,

! through the shutter (about 1 R/hr measured at the shutter surface) and behind
! another to shield any lateral radiation (less than 30 mR/hr at case surface). '

)

Use of this sort of source container is helpful in fulfilling the !
stringent radiation safety requirements of the NRC since the source is com-
pletely shielded while the shutter is closed, and protected from physical
damage.

Power: 12 VOC, 350 mA

Physical: 3.75" diameter, 2" high, weight 5 lbs.
NOTE: customer must furnish source drawing.

750 alpha 1RRADIATOR

The model 750 alpha irradiator is a shielded enclosure for a customer-
supplied alpha source. The source is mounted on a solenoid-actuated arm
that brings the source out of the housing into position over the sample well.
Source-to-sample distance is 0.2 cm. The active surface of the source cannot
be accessed without disassembly of the enclosure. Oose rate is approximately
90 rad /sec for a 500 pCi Am-241 source (12.5" active diameter).

Power: 12 VOC, 350 mA.

Physical: 4" wide, 1.75" high, 3" deep.
NOTE: customer must furnish source drawing.

760 VACUUM ALPHA IRRADIATOR

The 760 alpha irradiator is similar to the 750, but follows the
recommendations of Singhvi and Aitken ( Ancient TL, No. 3, Spring 1978)
in performing irradiation under vacuum at a source-to-sample distance of
1-cm. Vacuum is obtained by mounting on the glow oven and using its valves.
If desired, an alt ernative configu r ation with separate vacuum and air toggle

,

'

valves can be built to order.
j

i
|
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800 MULTIPLE SAMPLE IRRADIATOR

The Daybreak model 800 multiple sample irradiator is a time saving
accessory for the TL dating laboratory where many samples may _ require long
beta irradiation times. While this irradiation has customarily been done
with the sample on the glow oven heating plate, the time lost from useful
work is often excessive when TL dating is routinely done.

The model 800 exposes up to 20 samples sequentially for periods each
settable to be 0-9999 seconds. Operation after data entry and sample load-
ing is completely automatic. The system is conbrtiled by a single-board
microcomputer, and includes a 20 character alphanumeric display for opern-
tor prompts and system status (sample no., set time, and elapsed time) and
a thermal line printer for data log'ging. Data entry is simple and interact-
ive, and the printer makes a record of the exposure program for double-
checking. As each sample is exposed, its actual irradiation time is logged.

The irradiator may also be used for a single sample, and external
electrically-shuttered exposure devices, such as the Daybreak 740 and 750,
may be accommodated as well.

Because of isotope licensing restrictions, the model 800 cannot be-
supplied with the beta source installed. Daybreak can order the source and
have it shipped directly by the manufacturer for customer installation, or
the customer may order it himself, and thereby save our handling charge. If

the customer orders the source, it is necessary that Daybreak be forwarded
an accurate drawing so that the source shielding can be made to proper size.

The size of sample accommodated is determined by inserts which fit into
the revolving sample carrier disk. One size is supplied with the 800, to
customer specification, and others may be purchased as an option. Sizes may
be intermixed on the carrier disk. A maximum diameter of 12.5 mm is recom-
mended because of source intensity fall-off beyond that diameter.

ISPECIFICATIONS:
No. of samples accommodated: 20

Exposure times each sample set separately, 0-9999 seconds ,

Exposure rates depends on source. f or 100 mci Sr-90 (ICN 75129, 6 mm l
active dia.) at 15 mm SSD, approximately 4 rads /see to quartz. ;

Front panel 20 character alphanumeric display. Keyboard: 0-9, LOAD, l

ENTER, EXIT, CLEAR ENTRY, NEXT, SINGLE, RUN, STOP. Indicators:
SAFE, RADIATION. Key-operated swith for power on/off.

Printer: 20 char /line thermal printer
Physical: 14.0 x 32.3 x 43.4 cm (5.51 x 12.73 x 17.1 in, HxWxD)
Weight: 15 kgm (34 lb)

,

Power requirement: 115 or 230 VAC, 60 Hz, 70 W maximum, 50 Hz optional.
I
'

OPTION (model 801): additional exposure mechanism for alpha source so .that
both beta and alpha doses may be given to the set of samples.
There is an additional ALPHA /8 ETA key for data entry.

| OPTION: 50 Hz operation.
1

- _
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900 TL SYSTEM / COMPUTER INTERFACE

'

The model 900 provides a means of communication between the TL system
4 and a computer, both for recording glow curves and for presenting digital

plot data, via DACs, to the system XY recorder. The contents of a 24-bit,

photon counter and an 8-bit system status register are read by the computer ':

each 1,2,5, or 10 C of temperature rise, or every 50 msec after ramp start )
{ for non-Daybreak systems. Data from the computer can be written into doubly ;

buffered 12-bit DACs for output to the system XY recorder, or to the EXTERNAL.

i temperature programming input of the 520 oven temperature controller.
The interface plugs into the Daybreak TL system bus, and becomes the

XY recorder controller, taking over from the 510 system controller. Com-,

munication with the computer is via one 8-bit control input port and one
i 8-bit bidirectional data port. No handshake is required, although timing

loops in the control computer program are required for plotting functions.,

3 The I/O section of the interface may be configured, on request, to be com-
|

patible with PDP-11 and LSI-11 I/O requirements. )
; The control word is decoded in the 900 to produce the following command !

| Set up read address (status or scaler bytes) I
""

Set up write address to DAC register (lox, HiX, LoY, HiY)
Pen up/down
Pen motion,' move one plot space in one of 8 directions,

Load input registers into DAC register (move absolute) ;
,

0Set data spacing 1,2,5, or 10 C4

] Set data or plot mode
,

Ramp start
; System reset.

The 900 is housed in a 3" wide Daybreak system module and requires
115/230 VAC (50-60 HZ) at 15W.

$ A parallel interface plug-in card to connect the 900 to an Apple II
computer is available from Daybreak. In addition to the twa 8-bit ports
dedicated to the 900, it contains two 16-bit interval timers available tog

j the user.

i
9900 C0mPUTER SYSTEM FOR TL DATA ANALYSIS4

i

| The Daybreak TL system was designed from the ground up to work hand-in-
hand with a computer to cut analysis time and to improve the precision oft

' TL date determinations. The computer system configured by Daybreak for this
purpose is based on the ixexpensive but powerful Apple II computer. Besides

' the 900 TL interface, there is the Apple II computer with 48Kword memory,
: PASCAL compiler and operating system, two floppy disk drives, black and white
| TV monitor for alphanumeric and high resolution graphics display, 80 column
j line printer, and sof tware for glow curve recording on disk, data reduction,
; date computation, and error analysis. The sof tware is written in UCSD PASCAL,
j a va y powerful and fast structured language (50-100 times faster than BASIC),
1 rapidly becoming the new standard language for small systems. As a bonus,
: the computer with its PASCAL sof tware is available for general laboratory

use as well, and may be interf aced to other lab instruments.
s

i

.
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A NOTE ON RADI0 ISOTOPE SOURCES

Daybreak does not stock and resell the alpha and beta sources necessary
for TL dating, due to the very high cost and the red tape involved in obtain-
ing a byproduct materials distribution license from the USNRC. We can, how-
eve'r, order sources to the specifications of our sample irradiators for direct
shipment to the purchaser (who must then install them himself, a simple task).
We must charge a 20.per cent mark up on such orders to cover our administrative
costs. To enter an order, we must have a copy of the purchaser's radioisotope
license (in the US, at least, this must specify the type of source, manufacturer,
and encapsulation), as the manufacturer cannot ship without it.
ALPHA

We use an Am-241 source from Amersham /Searle Corp., 2636 S. Clearbrook
Drive, Arlington, IL 6000S. The description is: Am-241 alpha foil source,
500 pCi,12.S mm active diameter in SIP-1 aluminum alloy case, to be tapped
6-32. This has been quite satisfactory. Cm-244, with a halflife of 18 years
and 5.8 meV alpha energy, is reported to be available from some manufacturers
now, and if not too expensive, would be a better choice for irradiation of
samples in air.

BETA
Some years back we purchased a Sr-90 source from Amersham /Searle

.(100 mci in SIP-1 case, 12.S mm active diameter), but this is no longer
avail.able in the US. We have heard that this source may still be obtained
in Europe from the Radiochemical Centre, Amersham, Bucks., England. Recently
we purchased for our own use another Sr-90 source (100 mci with 6.3 mm active
diameter) and installed it in our 740 beta irradiator. At a 15 mm source-to-
sample distance, there is a S-10 per cent falloff in intensity at the edge
of a 9.S mm disk. While this is satisfactory for authenticity work, for more
demanding dating the larger diameter Amersham source is to be preferred for its
better uniformity. Alternatively, the source-to-sample distance could be
increased for the smaller source a'. a penalty of decreased dose rate to the
sample. The 6.3 mm source was obtained from ICN Radiopharmaceuticals, Inc. ,
Chemical and Radioisotope Division, 2727 Campus Drive, Irvine, CA 92715, as
their model 7S129 Sr-90 100 mci in BS capsule, no handle, no shield, tapped
10-24 in back. Another possible source of Sr-90 which might make up a
custom sealed source at reasonable cost is Isotope Product Laboratories,
1800 N. Keystone St., Burbank, CA 91504.

U.S. RADI0 ISOTOPE LICENSES

A license to oossess and use radioisotope sources is required before
they can be shipped to you by the manufacturer. You should contact the USNRC
or your state nuclear regulatory agency for information. In addition to
information about the sources you intend to use and their application, you
must submit a very detailed radiation safety program. We can offer advice
on this from our own experience. Licensing takes time, so start about six
months before you expect to need the sources. Some states may be faster than
the federal government, and if you are a university lab, you may be able to
get in under an existing blanket university license.
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PRODUCT DESCRIPTION

MODEL 9900 COMPUTER SYSTEM FOR TL DATA ANALYSIS

The Daybreak 9900 computer system integrates with the Daybreak TL
system to record glowcurves on floppy disk media, to reduce these glow- {

'

curves to equivalent dose, intercept, and alpha efficiency measurements,
and to compute TL age with complete error analysis. Raw or background-
subtracted data may be plotted on the system xy recorder or on the
graphics printer (with optional printer / plotter). A useful TL utility
package is callable by user programs from the system library. As a
bonus, the 9900 may also be used as a general purpose scientific computer
with outstanding graphics capabilities.

COMPUTER HARDWARE

The computer system is based on the powerful Apple II microcomputer
running the UCSD Pascal language and operating system in 64Kbytes of
memory. Two 5.25" double density floppy disk drives are included, to-
gether with a high quality black and white video monitor for the high
resolution graphics display (280x192 dots), and an 80-column line printer.
As an option, the standard printer may be replaced with a printer / plotter

jhaving dot graphics capability and software for 560x386 plots. The 900 l

interf ace with 910 cable / parallel drive card is alse included.

900 INTERFACE

The model 900 interface provides the means of communication between
the TL system and the computer, transfering information to the computer
for glowcurve recording, and from the computer, via DACs, to the system
xy recorder. It consists of a 32-bit photon counter, an 6-bit statue j

'

register, and two 12-bit DACs with data latches, together with the associ-
ated control circuitry. The 900 is housed in a 3 inch Daybreak system ;
module which occupies slot 4 or 5 of the 501 module cage. Power require- '

ment is 115/230 VAC, 15W.

All control functions are memory-mapped, that is, writing or reading
certain memory locations will set or clear the various modes, select data
spacing, place data in DAC latches, etc., and together occupy 256 locations
in the computer address space. There are nine basic functions:

READ STATUS (addr=0). When this address is read, the status
byte (DATA READY, RAMP DN, RAMP CLOCK, FIRST RAMP, PEN READY,
and three expansion bits) is put onto the data bus.

READ COUNTER (addr=16). When DATA READY goes high, the first
byte of the photon counter is available for reading. Subsequent
reads access the other counter bytes sequentially.

WRITE DAC LATCH (addr=64,80,96,112). Data present on the data
bus is written into the chosen DAL latch (Xhigh, X10w, Yhigh, Y1ow). _ _

PEN MODE (addr=128+penatate). Penstate=0 causes the xy recorder
pen to drop if graphics mode is invoked (otherwise, the 520

37 North Street, North Branford, CT 06471 (203)481-3970
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temperature control is in control).
,

m0VE INCREMENTALLY (addr=certain of 144-159). The x and y
DAC registers increment or decrement in combination to produce
pen motion in one of eight directions.

SET DATA SPACING (addr=160+N where N=1-15 is the spacing
C/ point). DATA READY goes high every N RAMP CLOCK pulses.

MODE (addr=176 for data acquistion,177 for graphics). This
function controls the electronic switching of signals going to
the xy recorder.

SYSTEM RESET (addr=224). Initializes interface.

Ramp START (addr=240). Starts the 520 ramp.

An optional plug-in board enables the 900 to generate a ramp voltage
(D to 5 or 10V) and emulates the 520 control signals so that the interface
can accommodate non-Daybreak TL a'pparatus.

The interface function is completed by the 910 cable / driver card which
plugs into the Apple II.

COMPUTER SOFTWARE

Applications sof tware has been written in UCSD Pascal, a fast, block
structured compiled language which is becoming the stadard for serious pro-
gramming of small computers. The Pascal operating system included is ex-
tremely versatile and easy to use. FORTRAN is available as an option for |user programs. I

The Daybreak 9900 sof tware package includes a number of highly inter- !
active programs for data taking, for dose and date computations, and for |
incorporation into user programs. They are written to be immediately usable
by someone with a knowledge of thermoluminescence but with no special know -
ledge or experience regarding computers.

The major program, TLAPPLIC, takes glowcurve data and records it on
disk, and af terwards processes it to obtain plateau information, equivalent
dose, and alpha ef ficiency, while providing useful hard-copy plots as

Udesired. Version I.0 takes data in the format of 100 point arrays, S C/
point, while soon to be released versions will accommodate 250 points at
2 C/ paint and 140 points at 5 C/ point. A second program, TLDATE, computes0

the TL age and errors according to Aitken (Archaeometry 18(2), 233 (1976))
with all correction through June 1980 (Aitken, private communication).
A file editing program, TLEDIT, is provioed to correct data entry errors
and to merge files. Lastly, a set of utility routines for control of the
interface and for plotting resides in the system library for use by user
Pascal programs.

TLAPPLIC has two major functions. The first is data taking. Very
little beyond the usual set up time for a glowcurve is required to enter
runtime information. Data for sample 10, irradiation source information,
and general running parameters is entered, mostly menu-f ashion with single
keystrokes, on openning a new data file, for each glowturve, a run type
(N, N+8 eta, etc.), irradiation time if applicable, and optional remark are
entered before starting the ramp. A very useful feature is automatic entry
of the background glowcurve without operator intervention.

The second, and much more complex, function of TLAPPLIC is data re-
duction. Currently, up to 50 glowcurves (25 TL curves maximum, 25 back-
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ground curves maximum) are supported. Af ter specifying an input file, it<

i is read in and a directory of curves within the file is generated and
printed, and may be put on the video display at several points in the,

program for reference. The operator may then look over the raw data, and
plot on the system xy recorder or optional printer / plotter as desired.

'
Background subtraction is then performed, with automatic correction for
the temperature shifts that can occur at high ramp rates because of vari-,

able contact of the sample disk with the heating plate. Because of this,

possibility, it is usually recommended that a background be recorded with
every TL glowcurves the automatic background ramp feature combined with
the fast cooling rate of the Daybreak 700 glow oven facilitate this.
The subtracted glowcurves are written onto their own disk file for further

; use, and may be inspected and plotted. The plateau and integration proced-
ure: noerate on this data. The plateau is computed in the usual fashion, |

,

,

but up to five each of N and M+ Beta curves may be averaged together for
j the plateau. Once a region, or regions, of interest have been chosen, the
i integrals are found, and sorted out according to irradiation type and dose.
; Categories are N, N+ Beta (up to five different doses), N+ Alpha (up to

three different doses), and all Beta curves together for second glows. Up |'

to eight curves in each category are supported. The integrals in each
i

category together with their average and standard deviation are displayed
and printed, and bad data may be discarded. Once done for all categories,
the equivalent dose and alpha efficiency are computed for all dose com-

4

binations. Second glow integrals, and their values normalized'lhe accom- '

panying N integrals are computed for intercept determination.

In order to run such a large program as TLApPLIC in the environment
of a small computer, a sophisticated memory overlay technique was employed. ;

Only that segment of the program actually in use resides in memory, being
|read off disk when needed.
|

TLDATE follows the method of Aitken very closely, and the program text
file is included for alteration as required by the user's special needs.
All data entered, partial doserates, and very detailed error analysis areprinted in concise and readable form.

The time required by an experienced operator to go through the data
reduction of a routine 50 curve file is under 15 minutes, plus plotting
time, and an age computation using TLOATE should be less than five minutes.

Except for TLDATE, sof tware is provided in binary form only. Special
programming and customer assistance is available, and software updates for
one year af ter installation will be provided free of charge (except for airshipment).

-.
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PRICE LIST

1 August 1980

Prices subject to change without notice. Prices in $US.

501 System enclosure 625

502 Desk fitted out for TL system 450/575
503 Separate alpha counter enclosure 420

510 TL system controller (220VdC, +$35) 1125

520 Temperature controller 1700

521 AC power control 176

530 Photon amplifier / discriminator 430

540 Photon ratemeter 1875

580 Alpha counter 1875

581 as 580, but with pairs counter 2000

590 Irradiation timer 825

700 Slow oven 2700

720 PmT housing with EMI 96358 and 530 amp / disc 2000

740 Beta irradiator, less source 650

750 Alpha irradiator, less source 525

760 Vacuum alpha irradiator, less source 775

800 multiple sample beta irradiator, less source 5250

801 as 800, with additional provision for alpha source 5750

900/910 Computer interface with Apple II card / cable 3250

9900 Computer system 12,850

Graphics printer option 800

module service cable 75

nim or racknount option, per module 60

Basic TL system 14,650

A wide range of TL sytem accessories is available from Daybreak. Details
and prices on request.

All items F.O.8. North Branford, CT (plus crating where applicable).
Delivery 60 days on modules, 120 days on mechanical assemblies and
syst ems.

!
1

1

37 North Street, North Branford, CT 06471 (203)481-3970
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PRODUCT DESCRIPTION i
1

THERM 0 LUMINESCENCE APPARATUS FOR ARCHAEOLOGICAL DATING

|

The Daybreak TL system has been designed to accommodate the
particular needs of archaeological dating. It has evolved over six
years of laboratory use, and the electronics has been recently updated;
state-of-the-art, complex integrated circuits make high performance and
high reliability now possible at a very moderate cost.

The Daybreak TL system has advantages beyond price over other TL
systems. It is compact, modular, and expandable, and designed f rom the
beginning with a coherent overall plan for the contemporary TL laboratory.
You can start with a basic system and add to it as your needs and sophist-
ication in dating grow. For example, the system is upwards compatible
with an inexpensive computer system, the Daybreak 9900, that will record
glow curves on disk, do the data reduction, and perform error analysis.

Among the features unique to the Daybreak system are a stable,
reproducible digital ramp for heating rates 0.1-25C/sec, automatic repeat j
ramp for background, a low-power, low-volume oven for fast cooling and -

evacuation, and a pile-up compensatgng ratemeter that extends the single
photon counting dynamic range to 10 counts /sec. Both ratemeter and alpha
counters have integral HV power supplies.

The system is packaged in two parts - an electronics enclosure (19"
wide x 22" high x 14" deep) housing five system modules and the XY recorder,
and the glow oven assembly (18" x 8" x 3" deep, including transformer)
which is intended for mounting by the purchaser in a table or bench cutout.
An attractive desk (model 502) will be made available if desired. A typi-
cal system will include the 700 glow oven, 720 PmT housing with 9636 PMT
and 530 photon amp / disc, 50 liter / min vacuum pump, XY recorder, and the
followinD modules: 510 system controller, 520 temperature controller, 540
ratemeter, 580 (or 581) alpha counter, and another 580/1 or 590 irradiation
timer with 740 beta sample irradiator and 750 alpha sample irradiator. If

more counters are required, or if counters are to be located apart from the
TL measurement apparatus, a separate enclosure can be provided. For large
labs, the 800/1 multiple sample irradiator may be a disirable accessory.

modules will be made available also in NIM packaging (AC power only)
and rackmount versions for those wishing to upgrade existing systems. 115/
230 VAC power versions are standard for all models, except for the 510 and
800/1 for which there is a modest price adder.

Physical and utility requiremer.ts - at least 36" bench space, 115/230
VAC 50-60 Hz, 200W, plus power for vacuum pump (h Hp motor), regulated,
pre-purified nitrogen for oven purging, and cooling water (unnecessary
unless continuous operation in excess of two hours is expected).

37 North Street, North Branford, CT 06471 (203)481-39IO
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510 TL SYSTEM CONTROLLER

The model 510 TL system controller module contains a thermocouple
vacuum gauge, the 521 AC power control, switches for vacuum and nitro-
gen solenoid valves, HV, DVEN POWER, MAIN POWER, and RAMP START switches.

Physical: 8.75" high, 4.5" wide, 10.5" deep module.

520 TL OVEN TEMPERATURE CONTROLLER

The model 520 temperature controller programs the temperature of a
TL glow oven in a ramp of variable rate and endpoint. Its output is a
current (0-10 mA) propartional to temperature error, and is intended for
use with the model 521 AC power control. A number of features, such as
automatic background run and setpoint operation, have been incorporated
for operator convenience.

SPECIFICATIONS
TC amplifiers gain set for chromel-alumel thermocouple. Negative

input. Nonlinear transient fi'.cer. Back panel ZERO. Output

to X Y recorder is 200 mV/100 C.
Ramp: linear ramp, 0-25 C/sec (10 turn pot). V-F converter plus

12-bit DAC with clock pulse out every degree C. Stability
better than 500 ppm /C. Endpoint 0-500 C (10 turn pot).

Error amplifiers variable gain (back panel control), maximum sensi-
tivity 2 mA/C error (about half oven power). Controlled
rate of power application to minimize half cycling in fast
response (less than 10 msec) ovens.

Programming:
RAMP /SETPOINT: permits use of the 520 as a setpoint control-
1er, using the endpoint pot.

INTERNAL / EXTERNAL: ramp or arbitrary T(t) from external source.
RESET / HOLD: action at end of ramp.

SINGLE / REPEAT: on REPEAT, ramp will restart once af'ter cooling
to near ambient temperature (settable 0-100 C) for background run.
START: initiates ramp. A remote START (switch closure to ground)
is also provided.

STOP: aborts ramp.

Pen lift out: TTL compatible, active high or low (selectable in-
ternally).

Meter: 0-500 C, or 110 C error. Switch on front panel.

Power: 115/220 VAC, 6 W.

Physical: 8.75" high, 3" wide, 10.5" deep.
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521 AC POWER CONTROL

The model 521 AC power control is a phase control triac AL power ;

module developed especially for use with highly inductive loads, such i
'

as transformers. The control input signal is a current (0-10 mA),
optically coupled to the AC circuitry. Load capability of the triac |

should not greatly exceed actual load for best performance. A 3A |
triac is normally ,qrovided unless otherwise specified. >

The 521 is nor.r. lly provided as part of the model 510 system con-
f troller. It is packaged separately for those purchasing the S20 tem-

perature controller alone.
'

Physical: 2" X 4.5" X 3.5"

L

530 PHOTON AMPLIFIER /bl5CRIMINATOR

The model 530 amp / disc converts the low level current pulses from f
the photomultiplier tube to standard logic pulses. It comprises a

charge sensitive amplifier, which is highly immune to line noise and ,

radiofrequency interf erence, and a fast, troublefree voltage comparator.
Output is ECL-compatible, single-ended or diff erential, capable o' driving

!50 ohms. This device is compact and mounts in the PmT housing. The sen-
sitivity is sufficient for all PmTs commonly used for single photon counting.
We also make available the 531 amp / disc which has a TTL-compatible output
(50 ohms) with standard width pulses (50-1000 nsec) for use with slow [
input counters and rate.neters. Contact Daybreak for details on this
product. i

i !

SPECIFICATIONS
Sensitivity: 0.1 pC threshold max. Sensitivity may be reduced by

internal adjustment.

Amplifier rise time: 4 nsec. i

Output pulse width: 7 nsec minimum (measured with pulser); will
follow width of input pulse at discriminator threshold.

;

P;tput levels negative-going ECL (-900 mV to -1800 mV), driving
50 ohms. Complementary outputs permit differential driving of ,

twisted pair line. I

Power: +5 V at 35 mA, -5 V at 65 mA; or +5 V at 75 mA, +12 V at 25 mA.*

Physical: 2.45" diameter, 0.6" high to fit within PmT housing. Also
I available in alternative cased packaging 0.75" x 1" x 4" at

extra cost.

* When the +5, +12 V option is selected, the output levels are +4.1-
3.2 V, compatible with the 540 ratemeter input.

.

h
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540 PHOTON RATEmETER

The model 540 ratemeter converts the logic pulses from the 530
photon amp / disc to an analog voltage proportional to their rate. It
features a proprietary pile-up compensation circuit that automatically
and continuously corrects for dead time losses according to the relation ?

TRUE COUNT RATE = OBSERVED COUNT RATE /(1-DEAD TIME FRACTION).
For fairly slow PETSs such as the EMI 9635 which we recommend for TL
measurement, dead time per detected photon is 40-100 nsec depending on
discriminator threshold, and dead time losses amount to 4-10 per cent at !
106 counts /sec. This reduces dynamic range and accuracy, and limits the .

use of single photon counting in reading high efficiency TL phosphors to !low doses. The 540 also includes an integral HV power supply, fifteen
!7 counts /sec (usable only up to 107ranges to 2x10 with the 9635 because of j

dynode string loading), and an active filter output stage with resistor
switching to eliminate glitches when changing time constant. A TTL .

t

pulse output (the input divided by two) is provided for connection to an
external counter. i

'

SPECIFICATIONS
Input negative-going ECL, diff erential (standard) or single-ended. !
Ranges: 12 ranges 5x102 to 2x106 counts /sec full scale, plus divide- I

by-ten (front panel switch) for 5x103 to 2x107 counts /sec.
?

Pile-up compensation: within 1 per cent to 50 per cent dead time.
Analog output: 500 mV full scale for 100 mV/ inch XY recorders.
Zero suppression: subtracts 0-1000 counts /sec dark count from output. ;

Time constant: 0.03, 0.1, 0.3, 1, 3, 10 seconds.
.j

meter: displays 0-100 per cent range and 0-2000 V HV, front panel I
selection switch. )

HV power supply: negative, 600-1600 V at 0.5 mA, front panel screw-
driver adjust, HV ON/0FF switch with LED indicator. Remote
enable (sw.i'ch closure to ground).

Front Panel Controls: RANGE, TIME CONSTANT, ZERO SUPPRESSION,
X1/X10, METER (RATE /HV), HV ON/0FF, HV adjust.

Rear Panel Connectors: System power / control, HV (SHV), AMP / DISC
power and twisted pair signal.

Power: 115/220 VAC,10 W.

Physical: 8.75" high, 3" wide, 10.5" deep.

2
'

'

i .
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580/1 alpha COUNTER i

i

i

Daybreak provides two models of low-level alpha counter for TL dating I
applications. The 580.has a single 4-digit counter; the 581 has an additional '

4-digit counter with pairs detection for determination of the uranium / thorium
ratio (Turner et al.. Brit. Journal Radiology, 3_1,, 397 (1958)). Both include
preamplifier, shaping amplifier, integral discriminator, counter, and HV
power supply in one compact module. The charge sensitive amplifier is highly
insensitive to RFI and AC line noise, so that a printer is not required. The
2" PmT is housed externally to the module in a ma' netically shielded enclosureg
with HV interlock. These counters are powered independently of the remainder
of the TL system.

SPECIFICATIONS

| Amplifier: 2x1010 and 2x1011 V/ coulomb sensitivity, unipolar gaussian
pulse out (T = 2 usec).

Integral discriminator: 0-5V (10 turn pot).
HV power supply: +600 to 1600 V at 500 pA, set by front panel 10 turn

pot, HV ON/0FF switch and LED indicator on front panel with inter-
1- lock.

I Counter 4-digit, to 1 MHz. START, STOP, and RESET pushbuttons, READY
indicator. Gated mode: GATE ON/0FF switch on front panel.
- 581 only: additional 4-digit counter with pairs detection, 0.02-
0.40 sec acceptance period for 95 per cent detection efficiency
for Th-232, while discriminating against the faster pair in the
U-235 decay chain.

Front panel controls: AMP GAIN X1/X10, DISC LEVEL (10T), HV (10T),
HV ON/0FF, GATE MODE ON/0FF, START, STOP, RESET, POWER.

Rear panel connectors: HV(SHV), AMP IN (BNC), AMP OUT (BNC), GATE IN
(BNC), HV interlock (RCA).

;

Power: 115/230 VAC, 50-60 Hz, 10 W. I

Physical: 8.75 x 3 x 10.5" module, 8" high x 4" diameter PmT housing.

590 IRRADIATOR TIMER 1

4

The model 590 timer controls the 740, 750, and 760 sample irradiators,
opening shutters for periods of 0.01 - 99.99 minutes. A 4-digit thumbwheel
switch sets the time, and a 4-digit display indicates elapsed time. Exposure
may be interrupted without resetting timer, and then resumed. A front panel
switch selects alpha, beta, or gate mode (for 580/1 counter). Output is
12 V, 1 A.

1

MM4 ;
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700 GLOW DVEN

The model 700 glow oven is of an advanced design, constructed from a
substantial aluminum block for high thermal inertia, thus reducing cooling
requirements. Water cooling is standard, but not necessary unless the aven
is in constant use for more than two hours. The low power consumption of

the heating plate, typically 60W for 20C/sec run up to 500g, of the ovenfurther con-
tributes to fast cooling. The small internal volume, 2 in ,
makes evacuation fast as well.

The glow aven is mounted on a plate measuring 8" x 18"along with
heating plate transformer, solenoid vacuum and nitrogen valves, nitrogen
pressure relief valve, and vacuum gauge tube. It is intended for mounting |

'in a bench or desk cutout, but the mere 3" depth under the mounting plate i

permits above bench mounting as well.

A fine-gauge chromel-alumel thermocouple is welded to the center of
,

the 1.0" wide, 1.25" long heating plate. )
Sample to photocathode distance is approximately 0.5" for high light i

'

collecting efficiency. A reflective aluminum cone placed around the sample
increases light gathering by about 50 per cent for about 75 per cent of ,

ideal 2( geometry, disregarding reflective losses at filter surfaces. j

Total power consumption is 120W maximum, 115/230 V4C 50-60 Hz.

720 PmT HOUSING

The 720 PmT housing is of conventional design having magnetic and I
'

electrostatic shielding. The filter pack, single or multiple optical fil-
ters, is easily changed without housing disassembly. The 530 photon amp /
disc is mounted within this housing.

The 720 is normally supplied with an EMI 96358 PmT, others optional,
and with one filter pack made up of Corning 7-59 and 4-69 filters 2.40" dia.
Others will be made available on request. One of possible interest to those
who expect moderately high light levels is the Corning 5-58, which, together
with the 4-69 affords exceptional red rejection, at the penalty of only a
30 per cent peak transmission.

Dimensions are 3" diameter, 8" high. There is an SHV connector for
HV (negative standard supply), and an Amphenol hex connector for amp / disc
power and ECL twisted pair output. |

|

:
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740 8 ETA IRRADIATOR

The model 740 beta irradiator is a shielded enclosure with electrically- i

operated shutter for a customer-supplied beta source. The sh~ utter is a com-
posite for low bremsstralung and is spring-loaded for failsafe return. The
740 mounts on the glow oven for on-plate irradiations at a 1.7 cm SSD. Beta
dose rate is approximately 4 rad /sec for a 100 mci Sr-90 source. It is rec-
commended that the 740 be stored on a lead block to stop radiation escaping
through the shutter (about 1 R/hr measured at the shutter surface) and behind

)another. to shield any lateral radiation (less than 30 mR/hr at case surface). |

Use of this sort of encree container is helpful in fulfilling the
stringent radiation safety requirements of the NRC since the source is com-
pletely shielded while the shutter is closed, and protected from physical
damage.

Power: 12 VDC , 350 mA

Physical: 3.75" diameter, 2" high, weight 5 lbs.
NOTE: customer must furnish source drawing.

750 ALPHA 1RRADIATOR

The model 750 alpha irradiator is a shielded enclosure for a customer-
supplied alpha source. The source is mounted on a solenoid-actuated arm
that brings the source out of the housing into position over the sample well.
Source-to-sample distance is 0.2 cm. The active surface of the source cannot
be accessed without disassembly of the enclosure. Dose rate is approximately
90 rad /sec for a 500 pCi Am-241 source (12.5" active diameter).

Power: 12 VDC , 350 mA .

Physical: 4" wide, 1.75" high, 3" deep.
NOTE: customer must furnish source drawing.

760 VACUUM ALPHA IRRADIATOR

The 760 alpha irradiator is similar to the 750, but follows the
recommendations of Singhvi and Aitken (Ancient TL, No. 3, Spring 1978)
in performing irradiation under vacuum at a source-to-sample distance of
1 cm. Vacuum is obtained by mounting on the glow oven and using its valves.
If desired, an alternative configu r ation with separate vacuum and air toggle
valves can be built to order.

-

e
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800 MULTIPLE SAMPLE IRRADIATOR |

|
! The Daybreak model 800 multiple sample irradiator is a time saving
| accessory for the TL dating laboratory where many samples may require long
| beta irradiation times. While this irradiation has customarily been done

with the sample on the glow oven heating plate, the time lost from useful
work is often excessive when TL dating is routinely done. ,

it

! The model 800 exposes up to 20 samples sequentially for periods each 1

settable to be 0-9999 seconds. Operation after data entry and sample load- )
'

ing is completely automatic. The system is conbrdled by a single-board
microcomputer, and includes a 20 character alphanumeric display for opere-
tor prompts and system status (sample no., set time, and elapsed time) and
a thermal line printer for data log'ging. Data entry is simple and interact-
ive, and the printer makes a record of the exposure program for double-
checking. As each sample is exposed, its actual irradiation time is logged.

The irradiator may also be used for a single sample, and external
electrically-shuttered exposure devices, such as the Daybreak 740 and 750,
may be accommodated as well.

Because of isotope licensing restrictions, the model 800 cannot be
supplied with the beta source installed. Daybreak can order the source and
have it shipped directly by the manufacturer for customer installation, or
the customer may order it himself, and thereby save our handling charge. If

the customer orders the source, it is necessary that Daybreak be forwarded
an accurate drawing so that the source shielding can be made to proper size.

The size of sample accommodated is determined by inserts which fit into
the revolving sample carrier disk. One size is supplied with the 800, to
customer specification, and others may be purchased as an option. Sizes may
be intermixed on the carrier disk. A maximum diameter of 12.5 mm is recom-
mended because of source intensity fall-off beyond that diameter.

SPECIFICATIONS:
No. of samples accommodated: 20
Exposure times each sample set separately, 0-9999 seconds |

'Exposure rates depends on source. For 100 mci Sr-90 (ICN 75129, 6 mm
active dia.) at 15 mm SSD, approximately 4 rads /see to quartz.

Front panel: 20 character alphanumeric display. Keyboard: 0-9, LOAD,
ENTER, EXIT, CLEAR ENTRY, NEXT, SINGLE, RUN, STOP. Indicators:
SAFE, RADIATION. Key-operated swith for power on/off. !

Printer: 20 char /line thermal printer
Physical 14.u x 32.3 x 43.4 cm (5.51 x 12.73 x 17.1 in, HxWxD)
Weight: 15 kgm (34 lb)
Power requirement: 115 or 230 VAC, 60 Hz, 70 W maximum, 50 Hz optional.

OPTION (model 801): additional exposure mechanism for alpha source so that
both beta and alpha doses may be given to the set of samples.
There is an additional ALPHA / BETA key for data entry.

.

!

OPTION: 50 Hz operation.

!

!

!
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900 TL SYSTEM /C0mpuTER INTERFACE '

The model 900 provides a means of communication between the TL system
and a computer, both for recording glow curves and for presenting digital
plot data, via DACs, to the system XY recorder: The contents of a 24-bit
photon counter and an 8-bit system status register are read by the computer

0 !each 1,2,5, or 10 C of temperature rise, or every 50 msec af ter ramp start l

for non-Daybreak systems. Data from the computer can be written into doubly |
buffered 12-bit DACs for output to the system XY recorder, or to the EXTERNAL
temperature programming input of the 520 oven temperature controller.

The interface plugs into the Daybreak TL system bus, and becomes the
XY recorder controller, taking over from the 510 system controller. Com-
munication with the computer is via one 8-bit control input port and one
8-bit bidirectio.nal data port. No handshake is required, although timing
loops in the control computer program are required for plotting functions.
The I/O section of the interface may be configured, on request, to be com-
patible with PDP-11 and LSI-11 I/O requirements.

The control word is decoded in the 900 to produce the following command
seu Set up read address (status or scaler bytes)

Set up write address to DAC register (lox, HiX, LoY, HiY)
Pen up/down
Pen motion, move one plot space in one of 8 directions
Load input registers into DAC register (move absolute)
Set data spacing 1,2,5, or 10 C
Set data or plot mode
Ramp start
System reset.

The 900 is housed in a 3" wide Daybreak system module and requires
115/230 VAC (50-60 HZ) at 1510. |

A parallel interface plug-in card to connect the 900 to an Apple II )
.

computer is available from Daybreak. In addition to the twa 8-bit ports
dedicated to the 900, it contains two 16-bit interval timers available to
the user.

|

9900 CCMPUTER SYSTEM FOR TL DATA ANALYSIS

The Daybreak TL system was designed from the ground up to work hand-in-
hand with a computer to cut analysis time and to improve the precision of
TL date determinations. The computer system configured by Daybreak for this
purpose is based on the ixexpensive but powerful Apple II computer. Besides |

the 900 TL interface, there is the Apple II computer with 48Kword memory,
PASCAL compiler and operating system, two floppy disk drives, black and white
TV monitor for alphanumeric and high resolution graphics display, 80 column
line printer, and sof tware for glow curve recording on disk, data reduction,
date computation, and error analysis. The software is written in UCSD PASCAL, i

a very powerful and fast structured language (50-100 times faster than BASIC),
,

rapidly becoming the new standard language for small systems. As a bonus, '

the computer with its PASCAL software is available for general laboratory
use as well, and may be interfaced to other lab instruments.
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A NOTE ON RADIDISOTOPE SOURCES 1

Daybreak does not stock and resell the alpha and beta sources necessary
for TL dating, due to the very high cost and the red tape involved in obtain-
ing a byproduct materials distribution license from the USNRC. We can, how-
eve'r, order sources to the specifications of our sample irradiators for direct |
shipment to the purchaser (who must then install them himself, a simple task). j
We must charge a 20 per cent mark up on such orders to cover our administrative
costs. To enter an order, we must have a copy of the purchaser's radioisotope
license (in the US, at least, this must specify the type of source, manufacturer,
and encapsulation), as the manufacturer cannot ship without it.
alpha

We use an Arp-241 source from Amersham /Searle Corp., 2636 S. Clearbrook I
Drive, Arlington, IL 60005. The description is: Am-241 alpha foil source,

'

500 pC1,12.5 mm active diartter in SIP-1 aluminum alloy case, to be tapped
6-32. This has been quite satisfactory. Cm-244, with a halflife of 18 years
and S.8 meV alpha energy, is reported to be available from some manufacturers j

now, and if not too expensive, would be a better choice for irradiation of |

samples in air.

BETA |

Some years back we purchased a Sr-90 source from Amersham /Searle
(100 mci in SIP-1 case, 12.5 mm active diameter), but this is no longer
available in the US. We have heard that this source may still be obtained
in Europe from the Radiochemical Centre, Amersham, Bucks. , England. Recently
we purchased for our own use another Sr-90 source (100 mci with 6.3 mm active
diameter) and installed it in our 740 beta irradiator. At a 15 mm source-to-
sample distance, there is a 5-10 per cent falloff in intensity at the edge
of a 9.5 mm disk. While this is satisfactory for authenticity work, for more
demanding dating the larger diameter Amersham source is to be preferred for its
better uniformity. Alternatively, the source-to-sample distance could be
increased for the smaller source at a penalty of decreased dose rate to the
sample. The 6.3 mm source was obtained from ICN Radiopharmaceuticals, Inc.,
Chemical and Radioisotope Division, 2727 Campus Orive,- Irvine, CA 92715, as
their model 75129 Sr-90100 mci in BS capsule, no handle, no shield, tapped
10-24 in back. Another possible source of Sr-90 which might make up a
custom sealed source at reasonable cost is Isotope Product Laboratories,
1800 N. Keystone St. , Burbank, CA 91504.

U.S. RADI0 ISOTOPE LICENSES

A license to cassess and use radioisotope sources is required before
they can be shipped to you by the manufacturer. You should contact the USNRC
or your state nuclear regulatory agency for information. In addition to
information about the sources you intend to use and their application, you
must submit a very detailed radiation safety program. We can offer advice ;

on this from our own experience. Licensing takes time, so start about six l
months before you expect to need the sources. Some states may be faster than
the federal government, and if you are a ur!Aursity lab, you may be able to
get in under an existing blanket university license.

,

|
|

|
|

)
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PRODUCT DESCRIPTION

MODEL 9900 COMPUTER SYSTEM FOR TL DATA ANALYSIS
I

I

The Daybreak 9900 computer system integrates with the Daybreak TL
system to record glowcurves on floppy disk media, to reduce these glow-
curves to equivalent dose, intercept, and alpha efficiency measurements,

i

and to compute TL age with complete error analysis. Raw or background-
subtracted data may be plotted on the system xy recorder or on the ;

,

i graphics printer (with optional printer / plotter). A useful TL utility
package is callable by Jser programs from the system library. As a
bonus, the 9900 may also be used as a general purpose scientific computer'

with outstanding graphics capabilities.
.

COMPUTER HARDWARE

The CompJter system is based on the powerful Apple II microcomputer
;running the UCSD Pascal language and operating system in 64Kbytes of

memory. Two 5.25" double density floppy disk drives are included, to-
gether with a high quality black and white video monitor for the high I

resolution graphics display (280x192 dots), and an 80-column line printer.i

As an option, the standard printer may be replaced with a printer / plotter
having dat graphics capability and software for 560x386 plots. The 900
interface with 910 cable / parallel drive card is also included.

1

; 900 INTERFACE
.

The model 900 interface provides the means of communication betweenJ

the TL system and the computer, transf ering information to the computer
for glowcurve recording, and from the computer, via DACs, to the system
xy recorder. It consists of a 32-bit photon counter, an 8-bit status
register, and two 12-bit DACs with data latches, together with the associ-
ated control circuitry. The 900 is housed in a 3 inch Daybreak system

; module which occupies slot 4 or 5 of the 501 module cage. Power require-
ment is 115/230 VAC,15W.

f All control functions are memory-mapped, that is, writing or reading
certain memory locations will set or clear the various modes, select data4

spacing, place data in DAC latches, etc., and together occupy 256 locations'

in the computer address space. There are nine basic functions:
J

READ STATUS (addreD). When this address is read, the status!

byte (DATA READY, RAMP DN, RAMP CLOCK, FIRST RAMP, PEN READY,'

and three expansion bits) is put onto the data bus.
READ COUNTER (addr:16). When DATA READY goes high, the first

byte of the photon counter is available for reading. Subsequentt
reads access the other counter bytes sequentially.

WRITE DAC LATCH (addr=64,80,96,112). Data present on the data
bus is written into the chosen DAC latch (Xhigh, X1ow, Yhigh, Y10w). _

PEN MODE (addr=128+penstate). Penstate=0 causes the xy recorder
pen to drop if graphics made is invoked (otherwise, the 520

37 North Street, North Branford, CT 06471 (203)481-3970



_ _ _ _ _ . _ . _ _ _ _ . ___ _ _ _ _ _ = . _ . _ _ _ . _ _ _ _ _ _ m._ _ .

.

-. .
,

temperature control is in control)0 i

MOVE INCREMENTALLY (addr=certain of 144-159). The x and y !
DAC registers increment or decrement in combination to produce
pen motion in one of eight directions. .

SET DATA SPACING (addr=160+N where N=1-15 is the spacing
D / point). DATA READY goes high every N RAMP CLOCK pulses.C '

MODE (addr=176 for data acquistion, 177 for graphics). This
function controls the electronic switching of signals going to
the xy recorder.

SYSTEM RESET (addr=224). Initializes interface.

Ramp START (addr=240). Starts the 520 ramp.

An optional plug-in board enables the 900 to generate a ramp voltage '

(0. to 5 or 10V) and emulates the 520 control signals so that the interface i

can accommodate non-Daybreak TL a'pparatus.
,

The interface function is completed by the 910 cable / driver card which
plugs into the Apple II.

COMPUTER SOFTWARE

Applications sof tware has been written in UCSD Pascal, a fast, block
structured compiled language which is becoming the stadard for serious pro- '

gramming of small computers. The Pascal operating system included is ex-
tremely versatile and easy to use. FORTRAN is available as an option for
user programs.

The Daybreak 9900 sof tware package includes a number of highly inter-
active programs for data taking, for dose and date computations, and for ,

incorporation into user programs. They are written to be immediately unable i

by someone with a knowledge of thermoluminescence but with no special know -
ledge or experience regarding computers. '

.

The major program, TLAPPLIC, takes glowcurve data and records it on
disk, and afterwards processes it to obtain plateau information, equivalent
dose, and alpha ef ficie.1cy, while providing useful hard-copy plots as
desired. Versinn I.0- takes data in the format of 100 point arrays, 5 C/
point, while soon to be released versions will accommodate 250 points at
2 C/ point and 140 points at 5 C/ point. A second program, TLDATE, computes

i

the TL age and errors according to Aitken (Archaeometry 18(2), 233 (1976))
with all correction through June 1980 (Aitken, private communication).
A file editing program, TLEDIT, is provided to correct data entry errors
and to merge files. Lastly, a set of utility routines for control of the
interface and for plotting resides in the system library for use by user
Pascal programs.

.

'

TLAPPLIC has two major functions. The first is data taking. Very
little beyond the usual set up time for a glowcurve is required to enter
runtime information. Data for sample ID, irradiation source information,
and general running parameters is entered, mostly menu-fashion with single
keystrokes, on openning a new data file. For each glowcurve, a run type
(N, N+ Beta, etc.), irradiation time if applicable, and optional remark are
entered before starting the ramp. A very useful feature is automatic entry
of the background glowturve without operator intervention.

The second, and much more complex, function of TLAPPLIC is data re-
duction.- Currently, up to 50 glowcurves (25 TL curves maximum, 25 back-

,
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ground curves maximum) are supported. Af ter specifying an input file, it
>

j is read in and a directory of curves within the file is generated and
printed, and may be put on the video display at several points in the
program for reference. The operator may then look over the raw data, and

4 plot on the system xy recorder or optional printer / plotter as desired.
Background subtraction is then performed, with automatic correction for
the temperature shifts that can occur at high ramp rates because of vari-
able contact of the sample disk with the heating plate. Because of this
possibility, it is usually recommended that a background be recorded with
every TL glowcurves the automatic background ramp feature combined with
the fast cooling rate of the Daybreak 700 glow oven facilitate this.
The subtracted glowcurves are written onto their own disk file for further
use, and may be inspected and plotted. The plateau and integration proced-
ures operate on this data. The plateau is computed in the usual fashion,
but up to five each of N and H+ Beta curves may be averaged together for
the plateau. Once a region, or regions, of interest have been chosen, the
integrals are found, and sorted out according to irradiation type and dose.
Categories are N, N+ Beta (up to five diff erent doses), N+ Alpha (up to
three different doses), and all Beta curves together for second glows. Up
to eight curves in each category are supported. The integrals in each
category together with their average and standard deviation are displayed
and printed, and bad data may be discarded. Once done for all categories,
the equivalent dose and alpha efficiency are computed for all dose com-
binations. Second glow integrals, and their values normalized *lhe accom-
panying N integrals are computed for intercept determination.

In order to run such a large program as TLAPPLIC in the environment
of a small computer, a sophisticated memory overlay technique was employed.
Only that segment of the program actually in use resides in memory, being
read of f disk when needed.

TLDATE follows the method of Aitken very closely, and the program text
file is included for alteration as required by the user's special needs.
All data entered, partial doserates, and very detailed error analysis are
printed in concise and readable form.

The time required by an experienced operator to go through the data
reduction of a routine 50 curve file is under 15 minutes, plus plotting
time, and an age computation using TLDATE should be less than five minutes.

Except for TLDATE, sof tware is provided in binary form only. Special
programming and customer assistance is available, and software updates for
one year af ter installation will be provided free of charge (except for airshipment).
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PRICE LIST

1 August 1980

Prices subject to change without notice. Prices in $US.

501 System enclosure 625

502 Desk fitted out for TL system 450/575
503 Separate alpha counter enclosure 420

510 TL system controller (220VdC, +$35) 1125

520 Temperature controller 1700

521 AC power control 175

530 Photon amplifier / discriminator 430

540 Photon ratemeter 1875

580 Alpha counter 1875

581 as 580, but witn pairs counter 2000

590 Irradiation timer 825

700 Glow oven 2700

720 PmT housing with EMI 96358 and 530 amp / disc 2000

740 Beta irradiator, less source 650

750 Alpha irradiator, less source 525

760 Vacuum alpha irradiator, less source 775

800 multiple sample beta irradiator, less source 5250

801 as 800, with additional provisioi. for alpha source 5750

900/910 Computer interface with Apple II card / cable 3250

9900 Computer system 12,E50

Graphics printer option 800

module service cable 75

nim or rackmount option, per module 60

Basic TL system 14,650

A wide range of TL sytem accessories is available from Daybreak. Details I
and prices on request. ;

All items F.D.B. North Branford, CT (plus crating where applicable).
Delivery 60 days on modules, 120 days on mechanical assemblies and
syst ems.

37 North Street, North Branford, CT 06471 (203)481-3970
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THER M OLUMINESCENCE D OSIM ETRY
IN MEDICINE AND ARCHAEOLOGY

Victor J. Boarot.or. .'h.D.
Physicist, Radiation R ,rch Department

;

NORMAN SIMON, M.D., AND SIDNEY M. SILVERsToNE, M.D.

Clinical Professors of Radiotherapy

The Mount Sinal School of hiedicine of the City University of New York
New York. N. Y.

WHEN Certain minerals and other crystalline materials are exposedto ionizing radiation and subsequently heated they emit light.
This phenomenon is known as thermoluminescence (TL). Elec-
trons dislo4md by the ionizing radiation are attracted to crystal-lattice
defects, called electron traps, and accumulate there. The application
of heat agitates the lattice and empties the traps, each electron giving

_

off a photon as it recombines with a lattice atom. This light may be
detected in the laboratory by a photomultiplier tube, amplified, and

_ recorded along with the temperature to produce a " glow curve"
(Figure :). The TL observed is a measure of the total dose of radia-

_

tion absorbed by the phosphor since it was last heated and can be evalu-

This study was supported by the lioffman Radiation Research Fund, N. Y., N. Y.

Reprinted fr 'LLETIN OF TIIE NEW YORY ' ' _si.MY OF MEDICINE
Secon vol. 49, n p. 847-857, October 1973.

Copyright 19 e New York Academy of Medicine
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High Witoge Photon Counter
Supply Rotemeter

X-Y Reccrder2, s,

E
Photomuttiplier --- E ;.

Tube j j |

L |2
- 5

- -

..i-

Light ;if -

- Somple m| .-( - .
Heoting o* 200* 4oO*C

C Piote Temperature

|
'

X 4xisThermocouple - "

I

Cold Junction ;. *

!

Temperature -

Controller

!
Fig.1. TL measurement ap aratus. A sample of lithium fluoride which has been ex.-==
posed to Co" gamma rays is laced on a nichrome plate and heated electrically at a rate
of 20*C./sec. Light emitted >y the sample is detected by the photomultiplier tube and
plotted on the y axis of an x.y recorder, while the temperature is recorded on the x
axis. The height of the peak is proportional to the dose of radiation. When the sample
is heated a second time ony the thermal background (" red-hot glow") appearing above

400*C. Is recorded.

ated in rads (r rad = 100 ergs of absorbed energy / gram) if the TL
sensitivity of the phosphor is determined by means of a calibrated

|radioisotope source.
:

Thermoluminescence was first described by the British scientist
:

i

Robert Boyle in the i7th century, but it has been put to extensive use '

7 in radiation dosimetry only during the past zo years. Perhaps the most
dramatic of these applications was the determination of the distribution

of the radiation that emanated from the atomic bombs dropped on
Hiroshima and Nagasaki.2 By heating small samples of ceramic roof

{tiles from these Cities the TL induced by the bombing was measured.
The dose of radiation was then estimated by comparison with the TL
in the sample by a known dose of gamma rays. <

Soon after the potential of TL dosimetry became apparent, com-, . .

mercial dosimeter systems were developeWmeasure on a routine basis
p

the exposure of laboratory personnel to radiation and the radiation dose
absorbed by patients being treated for cancer. The thermoluminescent

'
Bull. N. Y. Acad. Med.
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ial used most widely for these purposes is lithium fluoride by
-

of its tissue equivalence: that is, its absorbed dose to exposurev

relation closely matches that of human tissue at the x-ray and gamma,

energies usually encountered. The material may be used to measure
doses from a few thousandths of a rad to several thousand rads. Other
substances such as calcium sulfate with rare earth metal impurities and

/ natural fluorite are much more sensitive but require special shielding
/ techniques modifying their energy dependence to produce tissue equiv-,

4oo c alence.

TL dosimetry has been studied extensively in our city by Bernard
Roswit and his colleagues at the Veterans Administration Hospital in
the Bronx. These investigators have inserted miniaturized dosimeters,

;
into many organs, blood vessels, and bronchi, in order to measure di-
rectly the absorbed dose in patients treated with external beams of
radiation.8

!
Direct measurements in vivo are especially imponant when, for bio-

logical reasons, the usual estimates are inaccurate. It is especially difficultge;- to calculate or estimate the dose of n diation absorbed by a given tissue
tube c.nd

when the uptake of radioactive material is not uniform as, for example,,|"..Ipfe
in the thyroid and the liver.8 Miniaturized dosimeters placed within theng.b"*
patient are also of value in checking computer simulation of dose dis-

tribution in the treatment of uterine cancer by means of intracavitary
:he TL radiation.
ibrated The pioneering work of Daniels in the late i940s and early 1950s

in search of good materials for dosimetry had shown that of several
cientist thousand mineral samples tested, more than half-the major clay-
ive use forming minerals among them-had thermoluminescent properties.'

Daniels then predicted that TL dating of ceramics was possible, bute most

ibution it was not until 1959 that the potential of.the technique was appreci-
xd on ated.' Since then a great research effort has been mounted both here
ic roof and abroad," the most notable success having been achieved by Aitken

'

asured. and his co-workers at the Research Laboratory for Archaeology and
he TL the History of Art, Oxford.8 " 58 We ourselves have recently begun

TL dating of ancient pottery in addition to our work in clinical TL,

dosimetry at The Mount Sinai Hospital.,com-

ie basis Pottery is made by firing clay in a kiln to a temperature of 600-
n dose tooo C This empties all the electron traps in the clay, in effect setting

the 11 " clock" to zero. Over a period of years ionizing radiation fromiescent

cad. Med. Vol.49. No.10, October 1973
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EXTERNAL DOSE

COSMIC RAYS Soll GAMMA
14 MRADS 125 MRADS

6

k 4

9.

INTERNAL DOSE
ALPHA BETA

1700 MRADS 150 MRADS
. Fig. a. Typleal annual radiation dose for a potsherd buried in soils both pot and soil'

have i anium and thorium series contents of 3 and la ppm respectively, and K,01%.
The 12d dose is I,989 mrads, but as the TL ediciency of alpha particles is typically
about .: % that of betas and gammas, the afectiva dose is 629 mrads (54% alpha,24%

beta, and 22% gamma).

sources inside and outside a buried pottery sherd gradually fills the
traps. If the radiation dose rate (rads per year) is known, and the dose
absorbed by the pottery is estimated from the TL, then the length
of time since the pottery was last fired is given by the simple expression,

age (years) = accumulated dose (rads)
dose rate (rads / year)

The radiation environment of a typical sherd is shown in Figure 2.
A few parts per million of the uranium and thorium radioactive series

and potassium 40 are present in both pottery and burial soil. Since alpha
and beta particles have ranges that are short in comparison to the dimen-
sions of a sherd, the alpha and beta doses absorbed, except in a thin

,

surface layer, are due solely to radioactivity within the sherd. Penetrat-
ing gamma rays from the soil around the pottery and a small contribu- -

tion from cosmic rays comprise the remainder of the dose.
The uranium and thorium content of pottery and soil is measured

in the laboratory by alpha counting and the potassium content by flame !

photometry. As shown in Figure a, the major part of the dose is derived I

Bull. N. Y. Acad. Med. !
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from alpha particles. However, these are typically a tenth to a third

1 ; as effective as beta and gamma rays in producing TL. Hence in the
denominator of the age equation above, one uses an effective dose rate: ;

| | in which the dose from alpha particles is multiplied by their relative
} TL efficiency. A method of measuring environmental gamma radiation

;
'

directly makes use of sensitive TL dosimeters buried at the archaeo-

! ; logical site for a period of weeks or months, long enough to accumulate
' a measurable dose."

TL dating was originally conceived as a simple, accee, straight-
! forward technique, but it has proved to be as complu es raciocarbon'

dating, or even more so. The difficulties stem in part from the inhomo-

i geneity of the pottery, which is a mixture of fine opaque clay grains
; and coarser sand inclusions, some added as " temper" by the potter to

improve the working qualities of the clay. Most of the alpha radioac-

g tivity of the clay is contained in the fine grains, but the TL is due
mainly to the less radioactive inclusions. Since the range of the alpha

CADS particles (20 to 50 p) is less than the diameter of the larger inclusions,
soil the dose absorbed varies with the size of the inclusions. Hence TL
1%
. ny measurements of the aggregate clay will be misleading.
M To avoid this problem, one may select either the larger inclusions

(above ioo p diameter) which have a negligible alpha. dose but which

the have all absorbed the same beta and environmental gamma doses," or
the fine grains which have received the full alpha dose." In the lattero3e

gth alternative, errors due to uncertainties in environmental radiation are

on, minimized (since the internal dose rate is effectively increased) and
preparation and handling of the sample are simpler. At present we are
using the Oxford fine-grain technique, as outlined below.

: 2. About a gram of pottery is crushed gently in a vise. The fine grains
gies (up to 10 p in diameter) are selected by their sedimentation time in
3h2 acetone and are deposited as a film of powder on a number of small

aluminum discs--about i mg of sample on each disc. Each is placed onen-
,

hin a heating plate, heated rapidly (zo*C./sec.), and the TL-glow curve is
recorded. Some of the sample discs are first exposed to known doses ofrat-

beta and alpha radiation in order to obtain standards for sensitivity cali-bu- *

bration and to determine the relative efficiency of these particles in in-
red ducing TL in the sample. The calibration exposures are made prior to

heating, as the sample characteristics may be changed by heat treatment..me

ved The remainder of the sample is used to determine the content of radio-

Med. Vol. 49, No.10, October 1973
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Fig. 8. A Mochica (Peru) Jar depleting a man chewing coca, said to date from 450 to
650 A.D. Its height is 27 cm.

I
' -

active materialin the sherd. The amount of uranium and thorium radio- U

activity is determined by alpha counting, and the alpha and beta con-
|-

tribution to the dose rate is calculated, taking into account radon losses,
attenuation of radiation by absorbed water in the pottery, and other '

effects. Flame photometry yields the weight fraction of K:0 from

Bull. N. Y. Acad. Med.
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which the potassium 40 beta dose is computed. The environmental gam-,

| ma dose rate must be measured, or uncertainties up to about 3o% can
j result. In test programs, the Oxford group has obtained dates that differ
i typically by only 5 to io% from the radiocarbon age of the layer con-
] taining the sherds.

| Since deceptive reproductions or fakes are now flooding the muse-
ums and galleries of the world, authentication of the age of ancient;

j pottery is becoming increasingly important. TL dating provides the
{ museum curator or private' collector with a means of ascertaining age

absolutely. This is especially important when a piece is stylistically ques-
tionable.

| If a ceramic piece is valuable, approximate determination of age
j (i.e., whether the specimen is authentic or is a recent forgery) may be
| performed on a fairly small sample,25 to So mg., obtained by drilling a |
| a-mm. hole in the object at an inconspicuous place. Since the drilled |

| sample is a mixture of fine grains and broken-up inclusions, it will not
| have received the full alpha dose, and one must make some assumption
{ about the fraction absorbed. Satisfactory results have been obtained by
} assuming that the relative TL cfficiency of alpha to beta radiation is one
j half its measured value? If the sample has been heated appreciably
| during the drilling, some of the TL will drain away, reducing the ap- I

j parent dose and hence the age. However, even in rather hard ceramics
! the temperature reached in drilling is insufficient to affect the high-
: temperature part of the glow curve used in the TL analysis" (Figure 4).
) As examples of authenticity testing, we present two typical cases,
j 1) Mochica figure far (Peru). The jar shown in Figure 3 s mod-i
j eled in the form of a man who appears to be adjusting a wad of coca
j leaves in his mouth, or perhaps applying some lime to it with a small
! spatula. In his left hand he carries a pouch containing his supply of the
j drug. This piece is dated stylistically 45o-6 o A.D. A small sample5

i (25 mg.) was drilled from its base; the fine grains were separated for
'* S TL analysis, the remainder used for alpha counting. The accumulated

dose was found to be Spa rads by comparison with a known beta dose,I

io. J as shown in Figure 4. The relative TL efficiency of alpha to beta
radiation is o.23, but it is assumed to be half that, o. , to allow forn.

.s, the presence of broken-up inclusions in the sample,
The uranium and thorium content of the clay was determined byer

the thick-source counting method of Turner," and the resulting dosem

ed. Vol 49, No.10, October 1973
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MOCHICA JAR
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I
IO 200 400,

TEMPERATURE ('Cl

Fig. 4. The thennoluminescent glow curve of the jar shown in Figure 2. The intensity
of light emitted by the sample is plotted against temperature. Curve a is the natural
thermoluminescence of the pottery, curve b is that due to the natural accumulated dose
plus an additional 410 rad Sr'' beta dose, and e is the thennal background. Thus aita A

_

corresponds to the natural dose, while area B corresponds to the calibration dose alone.
The ratio of the two areas determines the natural accumulated dose of the pottery, in
this case 592 rads. The effective annual dose is 0.53 rads, giving the piece an age of
1,120 years, consistent with its purported date.

Smee the low-temperature part of the Tleglow curve is subject to decay at normal
' environmental ternperatures, its shape will differ markedly between a fresh dose of
-

radiation and one that had accumulated over the course of centuries. It is therefore
necessary to choose for analysis only the temperature urgion where the glow curve is
thennally stable. This region is conveniently found by taking the ratio of the natural
glow curve and the natural plus calibration dose glow curve. At some temperature the
ratio will reach a plateau, Indicating that the two curves have the same shape. The

region above this ternperature is thennally stable.
>

rates were found to be i.82 rads / year alpha, and o.o74 rad / year beta.
Some soil still adhering to the interior of the jar was analyzed in the
same way and gave an environmental gamma-dose rate of o.:is rad / year

,

plus an estimated dose rate of o.o 4 rad / year due to cosmic rays. The
Ks0 content of the pottery was not measured but was assumed to be .

2%, contributing o.i42 rad / year. The total dose rate then is 2. 7

rads / year; the effective dose rate is o.53 rad / year (35% alpha, 40%
beta, and 24% gammab

The TL age of the object therefore is 1,120 years (the accumu-

Bull. N. Y. Acad. Med.
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| The Fig. 5. Monte Alban-type votive incense burner considered to be fake, but dating from
| C. 900 A.D. If genuine. Its height is 12 cm.
!

> eta. lated dose of 592 rads divided by the effective dose rate of o.53 rad /
the year), consistent with the presumed date. The precision here is limited|

,

jyear to an estimated 40%, but the minimum age of 6 o years still indi-7

|The cates that the piece is authentic, since forgeries of this type of pottery
were not made until the present century.lo be -

| 1.s7 1) incense burner from Monte Albin (Mexico). The mold-made
4o% votive incense burner in Figure 5 s in a decadent Monte Albin style,i

and on stylistic grounds was considered probably fraudulent. The man-
iimu- ner of firing, however, suggested that the piece might in fact be genu-
}
l
;i. Med. Vol.49, No.10, October 1973
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TEMPERATURE (*C)

j Fig. 6. The TIrglow curve of the figurine shown in Figure 4. The curves are labeled as |
In Figure 8. Here the calibration dose is 36 rads, and the equivalent beta dose is 8.8 |

rada. Even if the only source of radiation were cosmic rays, the figure could be no
older than 270 years. Since the typleal effective dose rate to pottery is 0.5 rad / year, the
actual age of this piece is about eight years. The object has definitely been fired re-

cently.

ine, though of poor quality, and thus about i,ioo years old. TL analysis
of a small drilled sample indicated that the accumulated dose is only
3 8 rads (Figure 6). At the least, the dose rate is o.o:4 rad / year from
cosmic rays and the maximum age is just 27o years. The object has
been recently fired and is without doubt a fake. In such cases as this, it
is unnecessary to proceed further with radioactivity measurements.
Since the typical effective dose rate is about o.5 rad / year, the actual
age of the object is only about eight years,

'
TL dating of pottery will not replace radiocarbon dating. It is note

yet sufficiently accurate to shed light on many of the problems of in-,

terest to the archaeologist, and it cannot be used beyond 9,ooo years,

ago, when pottery first was manufactured, except in isolated early oc-
currences of burnt clay. Other materials, such as burnt flints, have been
used, but these are comparatively rare. There are, however, many other

problems, especially in New World archaeology, in which the tech-
1

Bull. N. Y. Acad. Med.
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nique will prove useful. This is particularly true when no organic ma-
terial for radiocarbon dating is encountered in an excavation. Pottery
is almost always found in abundance. Besides supplementing the arch--

aeologist's information on dating by stratigraphy, radiocarbon, and
tree rings, TL can distinguish fakes from originals and, with some
limitations in accuracy, objects of unknown provenance can be dated.

At present there are few thermoluminescence laboratories that un-

dertake the dating of ancient ceramics, while there are many equipped
to make dose determinations of radiation in medicine. But TL dating is

'

a young field, and when the complexities of thermoluminescence in
ceramic materials become better understood, authentication of an
ancient pot may one day be as simple as the determination of the dose,

of radiation in the bladder of the patient treated with radioactive ma-
terial for cancer of the cervix or the uterus.
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sampla material yoursalf. If you hava nzed of Eny furthrr infor- j

'

We request that all samples be submit- mation, please contact Dr. Victor Bartolot, ;

ted with an information form, available on our director of research.
request, and two photographs. One photo is

retained in our files for future references GENERAL REFERENCES
the other is annotated with the test result,
signed, and returned with the test report. Thermoluminescence and the Archaeologist,
A Polarold snapshot is adequates it is ne- martin Aitken, Antiquity, M , 11-19,
cessary only that the object be readily 1977.
identified from its picture. If the sample
As taken other than by Daybreak or its rep- Thermoluminescence Dating of Pottery, V.J.

g
resentative, it is recommended that the
sampling be witnessed (as provided for on *

the sample submission form), asserting that Thermoluminescent Dating of Ceramic Mater-
the sample is indeed from the piece deoitt- ials, E. G. Ehlers Archaeology, H ,
ed in the photo. Otherwise, the test report 98-101, 1975.
must state that the object submitted is "a
chip (cr powder) sample said to be from a THERMOLUMINESCENCE

of the culture."
It is extremely important to note if

the piece is known or is suspected to have
been exposed to x-rays or neutrons, as this
would alter the result. Also, if the piece
has been heated for some purpose during re-
storation. Tt results may be affected. In
either case, consultation is required to
determine whether the object can be accept-
ed for test.

Please be assured that all information
aoout objects submitted is held in the
strictest confidence.

'
HOW LONG DOES IT TAKE7

Usually test results are available
within two or three days after sampling,
and the final written report within a week.
If there is a necessity for immediate re-
sults, arrangements can be made for an an-
smer within 12 hours.

WHAT IS THE COST OF A TL TEST?

We charge $180 per object submitted
for routine authenticity testing, covering .A. .LF
multiple samples from a piece if required.

" ) In tN rare event that no reliable date Nuclear and Medical -a.

f ) can be obtained for an object, a substan- %q } tial reduction is made in this fee. Systems, Inc, ~Quantity rates are available to those
'4 in fre We offerM a pre quent need cf this service.payment plan, eight tests for $1200 37 North St.without time limit, and reduced rates for

large numcers of objects submitted at one North Branford* CT 06471
time $150 per test (5-9), and $130 (10-
up). (203) 481-3970

.
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HOW Of,sTHERm0Lt21NESCENCE DATING WORK? uhile not so a.ccurtte as raagarbon WHAT MATVLS CAN BE DATED BY TL7
dating, which cannot date pottery, TL has*

The thermoluminescence technique is found considerable usefulness in the auth- Nearly any mineral material which has

the only physical means of determining the enticity testing of ceramic art objects been heated above 5000C at a time one wish-
age of pottery presently available. It is where high precision is not necessary. es to know is a candidate for TL dating.

an absolute dating method, and does not Since the university laboratories in- This includes all forms of pottery. Porce-

depend on comparison with similar objects volved with TL are research facilities, lains, however, are of ten not thermolumin-

(as does obsidian hydration dating, for they generally mill not accept art objects escent to a useful degree and are extremely

example). for authentication on a routine basis. The hard to sample, but some early proto-parce-

most mineral materials, including the TL laboratory at Daybreak was established lains which are neither so pure nor hard as

constituents of pottery, have the property to make TL available to the art community the later ware have been dated. The clay

of thermoluminescence (TL), where part of in general. cores from lost . max metal castings may
the enerjiy from radioactive decay in and readily be tested. Heted stone material,

around the mineral is stored and later re- WHAT IS THE ACCtRACY OF TL DATING? such as hearths, pot boilers, and burnt

leased ik the form of light upon strong flints, have been dated as well.

heating.[Bycomparingthislightoutput Studies at Oxford indicate that when
with that induced by known calibration all' quantities entering the age equation HOW IS A SA FLE TAKEN7
doses of radiation, the amount of radia- are measured, the TL date of a single pot-

tion absorbed by the material may be found. sherd mill typically fall within 15 per When the TL test is for routine auth-
When pottery is fired, it loses all cent of the known date. When dates of a entication, a sample of about 100 mg,

its previously acquired TL, and the TL be- number of sherds associated together are roughly the size of a pencil-end eraser, is

gins again to build up on cooling. ;Thus, averaged, the error is reduced typically drilled out of an inconspicuous part of the

when one measures dose in pottery, it is to ?-10 per cent. object with a carbide dental burr. If the

the dose accumulated since it was fired, Unfortunately, it is not possible ha object is extremely small, some reduction

unless there was subsequent reheating. If achieve this preci-don for the majority of in sample size can be tolerated with an ac-

the radioactivity of the pottery itself, , art objects. Among the resons for this is companying increase in error margin. It is

and its surroundings, is measursd, the dose the small amount of material that may be preferable, whenever possible, to obtain a

rate, or: annual increment of dose, may be taken for testing. Drilling, the usual fragment the size of a nickel and d" thick,
computed; The age of the pottery, in prin- method of sarnpling, introduces some uncer- as the precision attainable is better. This I

ciple, may then be determined by the rela- tainty. It is also rare that any informa- is necessary whenever the age, if genuine, .

tion
~ tion about the radiation from the burial is less than twice that of the earliest

AGE = ACCUMULATED DOSE . soll can be obtained, as art objects are forgeries.
DOSE M R O R usually thoroughly cleaned. This radiation If the object to be tested has been-

Although conceptually straightforward, may in some cases contribute over half the restored, it is usually advisable to take a

TL has proven to be far from simple'in total dose. Finally, one has to make meas- number of samples, as the component parts

practice. In all, about a dozen physical urements whether ? clay is well-behaved may differ in age.

quantities must be accurately measured to or not. Some c14ys are hardly thermolumin- Any burial dirt clinging to the object

establish the relationship between doses of escents some may not have a straight-line should be saved, as it will help improve

different kinds of radiation and light out- relationship between dose and TL w:urious dating precision.

put. and to compute dose rate. A leaflet luminescence due to chemical or pressure Sampling does not lessen the value of

from Daybreak describing the TL technique ef fects may mask the radiation-induced TL; a pieces indeed, proof of authenticity by

in more detail and giving a bibliography occasionally, a condition called " anomalous TL generally enhances an object's value

will be provided to interested persons. fading" may lessen the reliability of the considerably. The site of the sample may

The phenomenon of thermoluminescence dose measurement. eai ly be restored if desired.

was first described by the English chemist Generally speaking, when a sample is
Robert Boyle in 1663. It was employed in drilled and no burial soil is found on the HOW IS AN OBJECT SUBMITTED FOR A TL TEST?

the 1950's as a method for radiation dose piece, one may expect up to 40-50 per cent
measurement, and soon proposed for archae- uncertainty. This is adequate for the pur- First, you should contact Daybreak to

ological dating. By the mid-1960's, its poses of authentication where the question discuss the advisability of testing and to

| validity as an absolute dating technique is whether the piece was fired in antiquity arrange sample-taking. We make regular
j was established by workers at Oxford and or recently; it will not differentiate, say, trips to New York City for this purpose
'

Birmingham in England, Riso in Denmark, and between a classic Greek terra cotta and a travel elsamhere is by arrangement. YoE

| the University of pennsylvania in the U.S. Roman copy. may also bring the piece to Daybreak, 10-
The Research Laboratory for Archaeology at cated just outside New Haven, CT. If these

alternatives are not practical, we will pro-,

'i Oxford, in particular, has been a leader in
vide detailed instructions for obtaining the

TL research.
.
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VICTOR J. BORTOLOT 37 North Street North Branford, CT 06471 (203)481-3970

i

December 13,
,_

Mr. Earl G. Wright
U.S. Nuclear Regulatory Commission g gRadioisotopes Licensing Branch k[([$[gDivision of Fuel Cycle and Material Safety 2 C

72~~ /7 '/6 > -2Washington, D.C. 20555 8-
as s. w ,- -

Dear Mr. Wright; k On-a d

This letter is intended to clarify several
application (control no. 84200) raised in your letter o
November 24, 1976 My responses will follow your numbering.

1 The americium-241 source is IGN model 74101 The
number given in the application was that of the capsule type.
The source will be stored and used in a shield fixture as
shown in Figure 1. The 60 kev gamma component will be used
as a calibration for TLD personnel monitoring. The surface
exposure rate on the device is anticipated to be less than
1 mR/hr. A wipe test on the exposure device will be made
every three months when the source is in use.

2a. The 100 mci strontium-90 source (ICN 75129) will be
stored and used in a shielded device having a solenoid operated
spring return shutter. This will guard against mechanical
damage and prevent personal contact with the source. A drawing
of the proposed device is shown in Figure 2

A survey was made to deteruine optimum shutter composition
and thickness, given the exposure geometry required. A source
identical to the one applied for was located at Yale-New Haven
Hospital and was used for this survey. The results have been
corrected to a present 100 mci activity. The source was
viewed through various absorbers by an Eberline RO-1
ionization-type survey meter in contact with the absorbing material.
The chamber center is 1.75" behind its front surface.'

A composite shutter consisting of 1/16" aluminum and
3/16" lead was judged most effective in reducing brehmstralung
production and then absorbing it. In the survey geometry
described, the exposure rate was 45 mR/hr. The actual device
will have a spacing ring which will prevent approach closer

a5 than about }" to the brehmstralung-producing region of the
- n. shutter. I estimate that the actual exposure rate at the
$ bottom of this ring will be no more than 100 mR/hr. When not,

@c in use, this assembly will sit on a 2" lead brick. The
exit exposure rate will be under 10 mR/hr.
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