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SECTION I 
I NTRODUCTI ON 

1-1. PROGRAIVI SUMMARY 

1-2. The ND4410 X-Ray Analysis Overlay Program (41-1085) is written for use with 
the ND4410 SinglE~ Parameter Data Acquisit:ion and Display System. The program is an 
overlay for the ND4410 Basic Physics Analy:z:er Program (41-1060) used in conjunction 
with the ND4410 Data Manipulation Overlay Program (41-1061). It enables performance 
of two general X-Ray functions: (1) setting and manipulation of the data contained in up 
to 32 user-specified areas, and (2) display of the principal K- and L-lines for any specified 
element. Each of these functions is performed by inter-active use of the teletype keyboard, 
the pushbuttons on the ND4410 Function Control Module and the oscilloscope di.splay. 

1-3. PROGRA~~ AREA 

1-4. The program occupies memory core locations,0,42,0,08 through ,0,7666
8 0 

1-5. STARTING ADDRESS 

1-6. All routines are called through the command mode of the ND4410 Basic Physics 
Analyzer Program (41-1060) via teletype en'tered mnemon ics or the pushbuttons on the 
ND4410 Function Control Module. 

1-7. EQUIPMEr\lT CONFIGURATION 

1-8. MINIMUM EQUIPMENT 

1-9. The minimum equipment required for proper operation of this program is: 

a. An ADC. 
b. The ND4410 Function Control Unit. 
c. A 33ASR Teletype. 
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d. A display oscilloscope. 
e. The 8K , ND812 Computer. 

1-10. The program will operate with either an 8K, 12K or 16K ND812 memory configuration, 
providing maximum storage configuration of 2K, 4K or 6K (24 bits), respectively. 
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SECTION II 
PROGRAM DESCRIPTION 

(TO BE SUPPLI ED) 
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SECTION III 
OPERATIONAL PROCEDURE 

3-1. INITIALIZATION PROCEDURE 

3-2. The following is; a step-by-step procedure for loading and initializing the ND4410 
X-Ray Analysi s Overlay Program (41-1085): 

a. Depress, the STOP key at the ND812 Computer. 

b. Place the START/STOP/FREE switch at the teletype in the FREE position. 

c. Load the ND4410 Basic Physics Plnalyzer Program (41-1060) Tape into the 
teletype reader with the leader (8-level punches) over the read head. 

d. Set the START/STOP/FREE switch to START. 

e. Simultaneously depress the LOAD AR and NEXT WORD keys at the ND812 
Computer. The teletype will step through the leader and read the program into the 
ND812 memory. Upon completion of read-in, the reader will automatically stop. 
When the reader stc:>ps, check the J register for zero. If non-zero, reload. 

N()TE 

Refer to the' ND812 Binary Paper Tap,e and Cassette Loader Program 
(41-0005) f,or loading procedures using a high speed paper tape reader 
or magnetic. tape cassette. To avoid destruction of the loader program 
when 41-10185 is read in, 41-0005 should be-loaded into field 1. 

f. Repeat steps a through e to read-in the ND4410 Data Manipulation Overlay 
Program (41-1061). 

g. Repeat :steps a through e to read-'in the ND4410 X-Ray Analysis Overlay 
Program (4 1-1085) • 

h. Set the SWITCH REGI STER switches at starting address (JJ,~2~;18) and depress 
the LOAD AR key. 
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i. Depress the START key at the ND812 Computer. The program will cause the 
teletype to perform a carriage return and line feed, print ND4410, perform another 
carriage return and I ine feed, print PLOTTER? and then wait for entry of a Y or N 
to indicate whether or not an X-V plotter is to be used. 

j. If an X-Yplotter is not used, type N. When N is typed, the program causes 
the teletype to perform a carriage return and line feed and type an asterisk (*). 

k. If an X-V plotter is to be used, type Y. When Y is typed, the program will 
cause the teletype to print YES and supply a <0, f?J) calibration voltage to the X-V plotter. 

I. Adjust the plotter zero control s to place the pen at the desired <0, JO) point. 

m. Depress the SPACE bar at the teletype. This supplies a full scale X-V 
calibration voltage to the X-V plotter. 

n. Adjust the plotter Vernier controls to place the pen at the desired full scale 
X-V point. 

o. Depress the SPACE bar at the teletype again. This returns the calibration 
voltage to the <0, ,0) point. Re-adjust the plotter zero control s to place the pen at the 
desired (,0, ,0) point. 

p. Depress the SPACE bar at the teletype again. This returns the calibration 
voltage to the full scale X-V point. Re-adjust the plotter Vernier controls to place the 
pen at the desired full scale X-V point. 

q. Repeat steps 0 and p as often as necessary to attain satisfactory calibration. 
When satisfactory calibration is obtained, depress the RETURN key at the teletype. 
When the RETURN key is depressed, the program causes the teletype to perform a 
carriage return and I ine feed and type an asteri sk (*). 

r. When an asterisk (*) is typed either after step i or q, depress the GROUPS 
pushbutton and then ca II up the desi red routine from the mon itor mode by depressing the 
appropriate pushbutton at the ND4410 Function Control Module or by typing the appropriate 
single letter mnemon ic at the teletype keyboard. 
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SECTION IV 
OPERATOR OR USER CONTROL 

4-1. GENERAL. INFORMATION 

4-2. The comma:nds of the ND4410 X-Ray Analysis Overlay Program (41-1085) are 
executed by entering the appropriate single letter mnemonic at the teletype or by depress
ing the appropriate pushbutton at the ND4410 Function Control Module after the program 
causes an asterisk (*) to be typed, signifyin~} the command mode. In the following 
descripti on, the porti on of the command to be typed at the teletype keyboard is underlined. 
All other information is provided by the pro~~ram. 

4-3. SET INTERVALS COMMAND 

4-4. The Set Intervals command is the basic command for setting and altering the 
list of internally stored intervals. Up to 32 intervals can be specified in the list. Any 
one or all the specified intervals can be alte~red. It is possible to add on intervals or 
to modify one or more intervals without re-entering the entire list. Each interval may 
be set independently of' the others. The intervals may overlap and they do not have to 
be in ascending order. The only requirement is that the starting point be less than or 
equal to the stopping point. The following operation is an example of the entries made 
the first time a list of intervals is specified. In this example, five intervals will be 
specified starting with interval one'. Intervcd four will use the left and right markers 
as its starting and stopping points, respectively. Intervals one, two, three and five will 
use the digital values specified as their starting and stopping points. 

* I SET INTERVAL NO.: A 
INTERVAL START STOP-

1 :23(SPACE) :43(SPACE) 
2:648( SPAC E): 708(SPACE) 
3:94(SPACI~: 162(SPACE) 
4:M :M 
5: 37 6( SPAC E) :476( SPAC E) 
6:@---
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4-5. The following operation is an example of changing the last interval previously 
specified and adding one additional interval. In this example assume that interval number 
five was the last interval previously specified and interval number six is to be added. 

* I SET INTERVAL NO.: 5 (SPACE) 
5: 300( SPAC E): 500(SPAC E) 
6:M :M--
7:@ 

4-6. The following operation is an example of changing two consecutive intervals 
which were previously specified without changing any other intervals. In this 
example, assume that six intervals were previously specified and intervals four and five 
are to be changed. 

* I SET INTERVAL NO.: ~ (SPACE) 
4:M :M 
5:357(SPAC E):~05(RETURN" PUSH BUTTON) 

4-7. The Set Intervals Command is specified by typing I after an asterisk (*) is typed. 
When I is typed, the routine causes the teletype to print SET INTERVAL NO.: and then 
waits for entry of an A to specify all intervals, or a number (from 1 to 32) to specify a 
particular previously specified interval for modification. When A is typed, the routine 
causes the teletype to perform a carriage return and I ine feed, print the column headings: 
I NTERVAL, START and STOP, perform another carriage return and I ine feed, type 1: 
and then waits for entry of the starting point of interval number one (1). When a number 
of a previously defined interval is typed, it must be terminated by depressing the SPACE 
bar at the teletype. When the SPAC E bar is depressed, the routine causes the teletype 
to perfonn a carriage return and I ine feed, type the number of the interval specified and 
a colon (:), and then waits for entry of the starting point of the specified interval. When 
an interval number is typed in place of the letter A, printing of the column headings is 
supp re ssed • 

4-8. After the interval number is typed, the starting point of the interval is entered. 
The starting point of the interval can be any digital channel number from 1 to the current 
group width, or M to specify the left rna rker channel of the current group. Entry of a 
digital channel number for the starting point must be tenninated by depressing the SPACE 
bar at the teletype. When entry of the starting channel number is terminated by depressing 
the SPACE bar or when an M is typed to specify the left marker channel, the routine 
causes the teletype to print a colon (:) and then waits for entry of the stopping point of 
the interval. The stopping point can be any digital channel number equal to or greater 
than the starting channel number but less than or equal to the current group width, or M 
to specify the right marker channel of the current group. Entry of a digita I channel 
number for the stopping point must be terminated by depressing the SPACE bar at the 
teletype. When entry of a stopping channel is terminated by depressing the SPACE 
bar or when an M is typed to specify the right marker channel, the routine causes the 
teletype to perform a carriage return and I ine feed, type the next consecutive interval 
number and a colon (:), and then waits for entry of the starting and stopping points for 
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the next consecutive interval number. The requi rements for entry of the starting and 
stopping points for each succeeding interval are the same as the first. After entry of the 
stopping point for each succeeding interval is terminated, the routine' causes the teletype 
to type the next consecutive interval number. The list can be terminated at any time by 
typing the character "(~" in place of the stcHting point of an interval. When the character 
"@" is typed, the rout:ine stores the interval entries made thus far and causes the teletype 
to perform a carriclge return and line feed and then type an asteri sk (*) sign ifying return 
to the command mode. 

4-9. When the starting and stopping points of an interval are modified and the interval 
is not the last interval in the list, entry of the stopping point is terminated by depressing 
the RETURN pushbutton at the ND4410 Function Control Module in place of the SPACE 
bar at the teletypE!. This ensures that the end point of the interval list is not disturbed 
and all previously specified intervals, other than those being modified, will remain
unaltered. 

NOTE 

The RETURN pushbutton can be depressed at any time during the Set 
Intervals Command without disturbing the end point of the interval 
list. 

4-10. ENERGY CALIBRATE COMMAND 

4-11 • The Energy' Cal ibrate Command perm i ts entering the channel number of two known 
peaks and then the! known energy in eV of the two known peaks. The routine then 
calculates the energy per channel (A) and the energy intercept (B). The following is an 
example of the enf'ries made for the Energy Cal ibrate Command. In this example, assume 
a current group width of 1024 channels and the two known energy peaks of 320 eV and 
6620 eV at channe,1 locations 33 and 678, rE~spectively. 

* ENERGY CALI BRATE 

* 

PCH 1: 33(SPACE) E1: 320(SPACE) 
PCH2: 678(SPA(:E) E2: 6620(SPACE) 
A= 9EV/CH -
B=- 2EV 

4-12. The Energy Calibrate Command is specified by typing E after an asterisk (*) is 
typed. When E is typed, the routine causes the teletype to print ENERG Y CALI BRATE, 
perform a carriage return and line feed, and print PCH1: and then waits for entry of the 
channel number of the first known peak. The channel number entered can be any channel 
number from 1 to the current group width. Entry of the channel number must be term ina ted 
by depressing the SPAC E bar at the teletype. When the SPAC E bar is depressed, the 
routine causes the teletype to print E1: and j~hen waits for entry of the energy of the first 
known peak. The energy value entered for 1E1 should be selected such that (E2 - E1)* 
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(Current group width) does not exceed 8,388,607. This will ensure that an overflow 
will not occur when the peak channel energy is calculated. If the energy values exceed 
these limitations, they should be scaled up accordingly. Entry of the energy must be 
terminated by depressing the SPACE bar at the teletype. "'''hen the SPACE bar is depressed, 
the routine causes the teletype to perform a carriage return and line feed and print PCH2: 
and then waits for entry of the channel number of the second known peak. The requirements 
for entry of the second peak channel are the some as the first. When the SPAC E bar is 
depressed to terminate entry of the second peak channel, the routine causes the teletype 
to print E2: and then waits for entry of the energy of the second known peak. The require
ments for entry of the second peak energy are the some as the fi rst. When the SPAC E 
bar is depressed to terminate entry of the second peak energy, the routine causes the 
teletype to perform a carriage return and line feed; print A=, the energy per channel 
and EV /CH; perform a carriage return and I ine feed, pri nt B=, the energy intercept and 
EVi and perform a carriage return and line feed and type an asterisk (*), signifying 
return to the command mode. 

4-13. PRINT REPORT COMMAND 

4-14. The Print Report Command provides a printout of the information pertaining to a 
specified interval or all specified intervals in the list. Information included in the list 
is: the interval number, the starting and stopping channel numbers of the interval, the 
background counts in the interval, the net counts in the interval and the energy in eV for 
the peak channel in the interval. The number of counts in the background is determined 
by taking the area under a straight I ine drawn between the gross values in the end channel 
of each interval. The net count is determined by subtracting the background counts 
from the total counts in the interval. The energy of the peak channel in the interval 
is based upon the previously entered energy calibration obtained using the Energy Calibrate 
Command. The following operati on is an example of the entries made and the printout 
for all intervals in the list. In this example assume the list contains six previously specified 
intervals and the Energy Cal ibrate Command was previously performed. 

* PRINT INTERVAL NO.: A 
INTERVAL START STOP BKGND NET PEAK 

1 23 43 3423 1386 271 
2 684 708 7076 1813 6434 
3 94 162 6417 276 1297 
4 184 252 7245 1154 1951 
5 357 505 4768 2201 3563 
6 591 739 2086 12781 6434 

4-15. The following operation is an example of the entries made and the printout for 
a previously specified interval number. In this example assume the specified interval 
is interval number four and the Energy Calibrate Command was previously performed. 
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* ~RINT INTERVAL NO.: ± (SPACE) 

4 184 252 1245 1145 1951 

4-16. The Print Report Command is specified by typing a P after an asterisk (*) is typed. 
When P is typed, the routine causes the teletype to print PRINT INTERVAL NO.: and 
then waits for entr:v of 4Jn A to specify all previously specified intervals or a number 
(from 1 to 32) to specify a particular previously defined interval for printout. When A 
is typed, the rou tine causes the teletype to perform a carriage return and I ine feed and 
print the column hc~adings: INTERVAL, START, STOP, BKGND, NET and PEAK, and 
then performs the background, net counts and peak energy calculations and prints the 
interval number, s1rarting channel, stopping channel, background counts, net counts, and 
peak channel energy for each previously specified interval in the list. When a particular 
interval number is specified for printout, it must be terminated by depressing the SPACE 
bar at the teletype. When the SPACE bar is depressed, the routine performs the back
ground, net counts and peak energy calculations and prints the interval number, starting 
channel, the stopping channel, the background counts, net counts and peak channel 
energy for the specified interval. When a particular intelVal number is typed in place 
of the letter A, prInting of the column heading is suppressed and the values are printed 
in a single line. Upon completion of printing the values for the last interval in the list 
(or a specific interval number), the routine causes the teletype to perform a carriage 
return and line feed and type an asterisk (*L, signifying return to the command mode. 

NIOTE 

The Print Report Command can be terminated at any time by depress
ing the RETURN pushbutton at the ND4410 Function Control Module. 

4-17. MARKER PRINT REPORT COMMAND 

4-18. The Marker Print Report Command provides a printout of the same informati on as 
the Print Report Ccmmand for the interval de'fined by the current markers. This command 
has no effect on th49 interval list. The following operation is an example of the entries 
made and the printout for the interval betwe,en the current markers. In thi s example, 
assume the left marker is at channel 591 and the right marker is at channel 739. 

*M 
591 739 3427 18348 6542 

* 

4-19. The Marker Print Report Command is specified by typi ng M after an asteri sk (*) 
is typed. When Mis typed, the routine causes the teletype to perform a carriage return 
and line feed, and then performs the background, net counts and peak energy calculation 
for the interval defined by the current markers and causes the teletype to print a zero 
for the interval number, the left marker channel, the right marker channel, the background 
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counts, the net counts and the peak channel energy in eV. Upon completion of printout 
of the peak channel energy, the routi ne causes the te letype to perform a carriage return 
and line feed and type an asterisk (*), signifying return to the command mode. 

4-20. X-RAY STATUS DISPLAY COMMAND 

4-210 The sequence of parameters displayed by depressing the STATUS pushbutton (41-1060) 
is modified by this program to include display of the following X-Ray parameters: current 
left and right marker channels and the net counts, background counts and the peak channel 
energy in eV of the last interval for which these values were calculated. The left 
and right marker channel s do not necessari Iy pertain to the same interval as the background 
counts, net counts and peak channel energy. However, the interval s can be made the 
same by performing the Display Interval Command or by depressing the SPARE pushbutton 
on the ND4410 Function Control Module. The values displayed for the left and right 
marker channel s are al tered whenever the left and right markers are moved using the 
MARK POS and MARK SPAN pushbuttons. The values displayed for the background counts, 
net counts and peak channel energy are altered by the Print Report Command, Marker 
Print Report Command and the Auto Analyze Command (41-1061). The following is an 
example of X-Ray Status Parameters as they appear on the display. In this example, the 
left marker is at channel 591, the right marker is at channel 739, the background counts 
equa I s 3427, the net' count is 18348 and the peak channel energy is 6542 e V • 

591-739 
3427/18348 

6542 

4-22. The status di splay of the Preset and Remain ing Acqui sition Time parameters 
(41-1060) is also modified by this program to include display of the total counts between 
the current markers and the count rate. During data acquisition, the display of the total 
count and count rate values is updated at one second intervals. The following is an 
example of these parameters as they appear on the display. In this example, the preset 
acquisition time is 1000 centiseconds, the remaining acquisition time is 731 centiseconds, 
the total counts between the markers as of the last update is 32582, and the count rate 
as of the last update is 1489. 

1000/-731 
32582/1489 

4-23. DISPLAY INTERVAL COMMAND 

4-240 The Di splay Interval Command permits display of starting and stoppi~g channel, 
the background counts, net counts and peak channel energy for any specified interval. The 
starting and stopping channels are determined by resetting the left and right marker to 
the starting and stopping points of the specified interval and then updating the X-Ray 
Status display. This command is useful for visually checking the isolation of peaks or 
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other features in the various intervals stored by the system. The following is an example 
of the entries mad.e for the Display interval command. In this example interval number 
three (3) is selectE~d for display. 

* DISPLAY INTERVAL NO.: ~ (SPACE) 

* 

4-25. The Display Interval Command is spE~cified by typing a D after an asterisk (*) 
is typed. When D is typed, the routine causes the teletype to print DISPLAY GROUP NO.: 
and then waits for entry of an interval number. Any previously assigned interval number 
from 1 to 32 may be specified. Entry of the interval number must be terminated by 
depressing the SPAC E bar at the teletype. When the SPAC E bar is depressed after entry 
of an interva I number, the routine resets thE! left and right markers to the starting and 
stopping points of the specified interval, calculates the background counts, net counts 
and peak channel energy and updates the X·-Ray Status Di splay (refer to paragraph 4-20). 
After the X-Ray Slratus Display has been updated, the routine causes the teletype to perform 
a carriage return clnd line feed and type an asterisk (*), signifying return to the command 
mode. 

NOTE 

The Energy Cal ibrate Command should be performed prior to the 
Display Interval Command in order to obtain a meaningful peak 
channel energy. 

4-26. SPARE PUSHBUTTON COMMAND 

4-27. Depressing the SPARE pushbutton updates the X-Ray Status Display of the Print 
Report so that interval of the Print Report corresponds to the current markers. Refer to 
the X-Ray Status Di splay Command (paragraph 4-20). 

4-28. PRESET COUNTS COMMAND 

4-29. The Preset Counts Command permits entering a preset maximum number of counts 
from 1 to 8,388,607 for determining analysis time. After analysis has been initiated 
by depressing the ACQUIRE pushbutton, it will automatically terminate when the total 
number of counts between the left and right markers of the current group as of the last 
status update exceeds the preset maximum number of counts. Entering ¢ suppresses the 
preset count restriction, permitting analysis to continue until either manually terminated 
by depressing the ,ACQUIRE pushbutton or automatically terminated upon completion of 
the current preset analysis time. The following is an example of an entry for the Preset 
Counts Command. In this example, 100,000 is entered as the preset maximum number of 
counts. After analysis has been initiated b}' depressing the ACQUIRE pushbutton, it will 
automatically term inate when the tota I counts between the current markers exceed 100,000 
counts. 
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* Q MAXIMUM COUNTS: 100000 (SPACE) -------
* 

4-30. The Preset Counts Command is specified by typing a Q after an asterisk (*) is 
typed. When Q is typed, the routine causes the teletype to print MAXIMUM COUNTS: 
and then waits for entry of the preset maximum number of counts. The preset number can 
be any number from 1 to 8,388,607. Enteri ng .¢ suppresses the preset count restri cti on 
on analysis. Entry of the preset count must be terminated by depressing the SPACE bar 
at the teletype. When the SPAC E bar is depressed, the routine causes the teletype to 
perform a carriage return and line feed and type an asterisk (*), signifying return to the 
Command mode. 

4-31. ACQUIRE PUSHBUTTON COMMAND 

4-32. The ACQUIRE Pushbutton Command (41-1060) is modified by this program to 
calculate the total counts between the current markers and the count rate, and then update 
the X-Ray Status Display with the calculated values at one second intervals. The 
display update occurs only during data acquisition. When not in acquire, the values 
resulting from the last calculation that occurred during acquire are displayed. 

4-33. DISPLAY K/L LINES COMMAND 

4-34. The Display K/L Lines Command permits display of a marker at the channel 
locations of the principal K or L lines for a specified atomic number from 1 to 100. 
The command also alters the X-Ray Status to display the specified atomic number and 
the principal K "beta ll and K "alpha" values in eV or principal L "beta", L "gamma" 
and L "alpha ll values in eV. If any of the K or L values is zero, it indicates that the 
system has no value for that particular parameter. The following is an example of the 
entries required and the X-Ray Status Di~lay for the principal K lines. In this example, 
the atomic number is 27, the K "beta" is 7649 eV and the K "alpha" is 6925 eVe The 
zero indicates no other K va lues are avai lable. 

* T ATOMIC NO.: 27 K 

X-Ray Status Di splay 

7649 - ~ - 27 
6925 

4-35. The follow; ng is an exampl e of the entri es requi red and the X-Ray Status Di splay 
for the principal L lines. In this example, the atomic number is 27, the L "beta" is 
790 eV and the L "alpha" is 775 eVe No L "gamma" is present. 

Entry 

* T ATOMIC NO.: 27 L 

X-Ray Status Display 

790 - ~ - 27 
775 
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4-36. The Displa:v K/L Lines Command is specified by typing T after an asterisk (*) is 
typed. When T is typed, the routine causes the teletype to print ATOMIC NO.: and then 
waits for entry of (In at'omic number. The atomic number can be any number from 1 to 
100 (Refer to Appendix A for a table of atomic numbers). Entry of the atomic number 
must be followed by typing either a K to specify the K I ines or an L to specify the L lines. 
When K is typed, '~he routine displays markers at the principle K lines and alters the 
X-Ray Status to display the principle K IIbeta" and K "alpha" in eV. When L is typed, 
the routine displays markers at the principal L lines and alters the X-Ray Status to display 
the principle L "beta", L "gamma" and L "alpha" in eVe If any of the K or L values 
displayed is zero, it indicates that the system has no values for that particular parameter. 
Display of the principal K or L lines is terminated by depressing the RETURN pushbutton 
at the ND4410 Function Control Unit. When the RETURN pushbutton is depressed, the 
markers and the X-'Ray Status Display are restored to the value they were at prior to 
performing the Display K/L lines c;ommand and the program is returned to the command 
mode as signified by thE~ teletype performing a carriage return and line feed and typing 
an asteri sk (*). 

4-37. AUTO AN)~L YZE COMMAND 

4-38. The auto analyze sequence of the Auto Analyze Command (41-1061) is modified 
by this program to replace the totalize and print operations with printout of print report 
for each of the pre·-assigned intervals in the list. The following is an example of the 
information printed by the Auto Analyze Command (41-1061) modified for X-Ray printout. 
In thi s example the auto analyze sequence is performed two times with an acqui re time 
of 1000 centiseconds, and six intervals are assigned to the list. 

N()TE 

Analysis time during auto analyze can be controlled either on a preset 
clock time basis as selected by the Clock Set Command (41-1060) or 
on a preset maximum number of counts basi s as selected by the Preset 
Counts Command (41-1086). However, when the C lock Set Command 
(41-1060) is used to control ana Iysi s time, the entry for the Preset 
Counts Command (41-1086) should be~ zero (0), or vice versa. 

* AUTO ANALYZE: 2 (SPACE) TIMES 

* 

INTERVAL START STOP BKGND NET PEAK 

1 2:3 43 3339 1422 281 

2 648 708 7259 1715 6610 

3 94 162 6417 230 1414 

4 184 252 8073 383 1931 

5 35~7 505 5960 829 3719 

6 59'1 739 2086 12637 6610 

* 
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INTERVAL START STOP BKGND NET PEAK 
1 23 43 3507 1318 281 
2 648 708 7198 1863 6542 
3 94 162 6417 319 1355 
4 184 252 6831 1474 2048 
5 357 505 6109 903 3934 
6 591 739 1490 13307 6542 

* 
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5-1. ERROR INiDICATION 

SECTION V 
ERROR DIAGNOSTICS 

5-2. Execution of an illegal operation will result in an error message being typed at 
the teletype. Table 5-1 lists the error messolges and their causes. 

Error Messolge 

59XXXXX 

52XXXXX 

Table 5-1. Error Indication 

COluse 

De!pressing an unassigned teletype key to call 
up a command or enter a command argumen t. 

Entering an atomic number other than 1 to 100 
in the Atomic Number Command. 

N()TE 

The least significant digits indicated by XiS in Table 5-1 for the 
ERROR message may change depending upon what illegal operation 
was performed. However, the two most significant digits will be the 
same for th.e same type of error. 
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SECTION VI 
COMMAND SUMMARY 

6-1. The following summarizes the commands described in Section IV .. 

1. I SET INTERVALS COMMAND. Permits assigning a list of up to 32 intervals 
of interest in the current display group. The command also permits adding 
or modifying one or more intervals without re-entering the entire list. Each 
interval is assigned by entering the starting and stopping channel of the desired 
area of 'interest. The starting channel can be any channel from 1 to the 
current !group width or M for the left marker channel. The stopping' channel 
can be (my channel equal to or greater than the starting channel but less 
than or lequal to the current group width or M for the right marker channel. 

2. ENERGY CALIBRATE COMMAND. Permits energy calibration based upon 
entry of the known energy in eV for two peak channel s. The routine calculates 
and prints the energy per channel and the energy intercept. These values are 
used to determine the peak channel energy for the print report. 

3. PRINT REPORT COMMAND. Provides teletype printout of the print report 
for any specified interval number or all intervals in the previously assigned 
interval list. The print report lists the interval number, starting channel, 
stoppingl channel, background counts, net counts and peak channel energy for 
the specified interval or all intervals in the interval list. 

4. MARKER PRINT REPORT COMMAND. Provides teletype printout and display 
Of the print report for the interva~ between the left and right markers of the 
current display group. The print report lists the current left and right marker 
channels, the background counts, net counts and peak channel energy for the 
interval defined by current markers. 

5. X-RAY STATUS COMMAND. Modifies the status display sequence (41-1060) 
to include display of the print report. The print report lists the interval number, 
the current left and right marker channel numbers, the background counts, 
net counts and peak channel energy in eV for the last interval for which 
these vCJlues were calculated. Note, that the current markers may not be 
set at the limits of interval to which the values correspond. However, they 
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can be set to correspond by depressing the SPARE pushbutton or by performing 
the Display Interval Command. The Status display of the preset and remaining 
acquisition time (41-1060) is also modified to include display of the total 
counts between the current markers and the count rate. During data acqui sition 
these values are updated at one second intervals. 

6. DISPLAY INTERVAL COMMAND. Sets the left and right markers to the limits 
O'f any specified interval number and displays the print report for that interval. 
The print report lists the interval number, the starting point (left marker channel), 
the stopping point (right marker channel), background counts, net counts and 
peak channel energy for the specified interval number. 

7. SPARE PUSHBUTTON. Sets the interval of X-Ray Status Display to correspond 
to the current markers. 

8. Q PRESET COUNTS COMMAND. Permits entry of a preset maximum number 
O'f counts from 1 to 8,388,607 for control of analysi s time. Entering ~ 
suppresses the preset count restriction on analysis. 

9. ACQUIRE PUSHBUTTON. Modifies acquire operation (41-1060) to calculate 
the total counts between the current markers and the count rate and then 
updates the status display at one second intervals. 

10. T DISPLAY K/L LINES COMMAND. Sets the markers at the principle K or 
r lines and alters the X-Ray Status to display the K IIbeta" and K "alpha ll 

values in eV or the L II beta II , L IIgamma II and L lIalpha ll values in eV for 
a specified atomic number. Refer to Appendix A for a listing of atomic 
numbers. 

11. AUTO ANALYZE COMMAND. Modifies the auto analyze sequence (41-1061) 
to replace the total ize and print operati ons with the teletype printout of the 
print report for each interval assigned to the interval list. 
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SECTION VII 
FLOW CHARTS 

(TO BE SUPPLI ED) 
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SECTION VIII 
PROGRAM LISTING 

8-1. A listing of the ND4410 X-Ray Analysis Overlay Program (41-1085) as produced 
by Pass 3 of the ND812 BASC-12 General Assembler Program (41-0001) is provided on 
the foil owi ng pages. 
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IN041·1e85-~0 
/X.RAV FUNCTIONS SA.N.A. 
IOVERL.V FOR 4410(1060,1061)- VERSION A 

IRM/DB 
19(36) 8/14/72 
ILOADER MUST BE IN FIELD 1 

,SYMBOLS DEFINEO IN 41-1060-00(EOIT 52) 

AQEXIT 
AQOFF 
CH.RX 
CL.OCKl 
CNT~ 
DECODE 
DUBINT 
ECHOF 
ERROR 
FCHAR 
GROUPW 
GROUPZ 
GSC 
HORO 
III 
INEC 
IN2 
IN2000 
IRTRN 
LOF 
LOLIST 
LORD 
LO~EAO 
MGCCP 
MGCC 
MGCLP 
MGCL 
MGCRP 
MGCR 
OLYEXT 
RETRN 
STAT)( 
TABL.! 
TAB1 
TIME' 
TTY 
UNPACK 

• 20161 
• 21i!12!5 
• 2320 
• 21P10 
• 22321 
• 0221 
• 2441 
• 210e 
• UNUSED • 212P' 
• 024~ 
• 1664 
• 0156 
• 1640 
• 250e 
• U556 
• 214121 
• 1642 
• 11544 
• 210!5 
• 22e2 
• 0832 
• 2t'J0~ 
• 0264 
• le1S 
• 152'5 
• 1513 
• 12e6 
• 1514 
• 1210 
• 2074 
• 0362 
• 1041 
• 233e 
• 2304 
• 207e 
• 0003 
• 2403 

ISYMBOLS DEFINED IN 41-1061-00(EOIT 23) 
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AQR • 3061 

IINTJEGER P4CKAGE OE:FlNITlONS 

IEXT • 001210 IEXIT 
lOUT • 3400 IOUTPUT 
laue • 4000 ISUBTRACTION 
lAOO • 4400 IAOOITION 
11.00 • e000 ILOAD 
ISTR • !5400 ISTORE 
INEG • f5000 INEGATE INTEGE(;.) lie 
ICIV • e400 IOIVISION 
IMUL • 1000 IMUL T I PL I c: AT I o~; 
INOP • 1400 INO OPERATION 
1M • CIUBINT IINTEGER PACKAGE ENTRY 
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[FIELD 0 

'*IN20210 
o 1644 421021 4000 

0000 o leAS 21000 

'*AQOFF-0004 
o 22121 1442 SKIP 

.AQOFF-12I002 
21 2023 0500 TWJ~P 
21 22124 S173 COTR 

*Ol.V!)(T 
o 2074 5111 SRCT 

m 2311 
0 2312 
21 2313 

" 2314 
21 23115 
21 2318 

0 2328 
0 2327 
0 23:521 
0 2331 
0 2332 
0 12333 

0 2335 

21 23ea 

0 23~!5 

*T'B1+00215 
0111 
21115 
0120 
010~ 
1211214 
0124 

*CHAR)(+000e 

21111 
011!5 
12112121 
21105 
0104 
0124 

A247 SLIM 
4S84 PRCM 
4"0 MPRR 
52111 !COF 
5131 Ol.MP 
5350 DENR 

*CHARX+001!S 
5103 PSCN 

*TABl.E+0014 
5324 RMDP 

*TABLE+21017 
5021121 MSTD 

*l.Oll'+0003 

IDATA STARTS AT 0~0~ IN ~IELD 1 

IMODIFICATION TO CLOCK S~~VIC~ 

IMOO TO Cl.OCK SERVICE 

/LINK INTO ACQ ON/OFF 

ISET INTERVAl.S 
IPRINT REPORT FOR CURRfNT MARKERS 
IPRINT REPORT FOR SPECIFIED PAI~ 
IENERGY CALIBRATION 
IDISPLAY SPECIFIEO PAI~ 
IDISPLAY K- O~ L-LINES 

Ie HE C K FOR PRE 5 ETC a U ~l T S 

IRESTORE ORIGINAL MARK FRS ON "RETURt\l" 

ISPECIAl. X-RAY PUSHBUTTC~ 

21 22155 554e XCl.K-l IREVISE Cl.OCK STATUS OI$PLAV 
21 22ee !55~3 XSTS-l IAOO X-RAY STATUS DISPLAV 

*AQR 
0 321e1 0e'0 TWJPS ILINK INTO AUTO-ACQUIRE 
21 30e2 438e PRPT 

IEl,4' 
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*4047 
o 40A7 14021 

*4000 
LMTB 

I 0 LEI MOO I F 'Y ME M 0 R Y S I lEe ALe \I L A TIn ~": 
ITO ACCOMODATE SMALLE~ DATA AREA 

•• IBEGINNING OF LIMIT PAr~ ~UFr:E'1{ 

*LMTB+0200 INUMBER OF WORDS-MAX. NO. OF P_I~S.4 

L.MTE •• 

IMINIMU~ NO. OF WO~OS-A154 Tn Accr~Mo~ATf 

141-1~~0 INITIALIZATION 

IGET LEGAL P~IR NUMBER AND INITIATE POINTERS TO 
IMARKER BUFFER 
IENTER wITH "LLMA" SET TO POINT TO L.AST WORO~l OF 
ILAST PAIR ENTERED 
IIF CALL+l CONTAINS AN eIOLE>, ROUTINE WILL NOT ALLOW 
ISPECIFICATION OF LAST ENTERED PAIR NUMBER+1 
IIF IT CONTAINS eSET 0., IT WILL ALLOW SPECIFICATION 
IOF ~AST ENTERED PAIR+l 
IRETURN WITH "LMPR".SPECIFIEO PAIR IF "ALL" WERE 
IS PEl: I F I ! 0 AND " L M P FHI POI NT E 0 TO A P PRO P R A I T E 
IWORD IN LIMIT PAIR BUFFER 
IRETURN TO CALL+2 IF PAIR NO. IS SPECIFIED 
IRETU~N TO CALL+3 IF "A" IS ENTERED SPECIFYING ALL PATR5 

21 ~200 
QJ 42211 
o 4202 
" 4203 
o 42214 
121 420~ 
QJ 420e 
o 42211 
o 42121 
o ~211 
21 4212 
21 4\213 
21 4214 
o 421~ 
o 4\216 
21 4217 
21 42221 
21 4221 
21 4222 
o 4223 
21 4224 
21 422~ 
o 42215 
o 4227 

210021 
'047 
~ee7 
7062 
4355 
0~00 
2320 
2431 
e0~2 
5:!0!5 
2301 
1142 
1502 
eS24 
1450 
21440 
4354 
1455 
ee17 
21400 
43e7 
1501 
7328 
1451 

IPSP, 

LMPRI, 
)(1215, 

BLMT:I, 

21 
)(CT X25 
GLMF' 
XCT )(21 
L.MPR 
TWL.OJ 
CHARX 
SMJ C101 
JMP IF'SPl 
L.OJ' LMPRI 
SUBL 211 
SFTZ 02 J 
SIP J 
JPS' ERROR I 
CLR 0 
TWAOJ 
BLMT 
SIZ CLR 0 
JPS' ERRORI 
TW8BJ 
LLMA 
SNZ J 
XCT' IPSP 
SNZ CLR a 
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IcJPS UNPACK). 

IcJPS INEC>GET LIMIT PAIR ~n. 

IA? 
IYES. SET UP FnR MOQ!FICATlnN ~TAqTI~~ , 
INO 
I sue T RAe T "1" r: R (! M S P F.: C r Fo' I F ~ r: A, ! p !\, n • 
IMULTIPLY PAIR NttMBER ~'f 4 
IFORM POINTER TO SPECIFIEO PAI~ 
IPAIR NUMBER T~a LARGE 
I NEW POI N T E R M tIS T 9 E 8 E T w E' ~ ",1 F. E i, ! t,j I'j 1. ~, r., 

IOF TABLE AND lA~T SFECIFyrATICN 

IPAST END OF FIELD 
IGREATER THAN LA~T SPFCI~TCATr~~? 

ILAST PAI~ ENTFRf~+1 ~P~CI~tED? 
IYES- EXECUTE CAlL.1 TO S~f IF IT~ ~~ ~~ 
INO. LEGAL PAIP Nn.? 



0 42~0 eS11 JPS' ERRORI IYES 
21 4231 41~e ADJ. LLMA1 INO- RESTCIRE J 
(21 4232 5472 IP8P2, STJ LMPP 

" 42~3 1~10 CLR J 
0 4234 QJ~40 TWSTJ 
0 423~ 43!58 LMPR+l 

" 423e 3~3e 1SZ IPSP IRETURN TO CALL.' OQ 3 
0 4237 8337 tRETURN IPSP 

QJ 4240 0101 C101, 21101 
0 4241 2120 ERROR1, ERROR 

21 4242 :'~A2 IP5Pl, 1SZ IPSP 
2) 4243 1~14 CLR INC J 
0 4244 574121 STJ. LMf'RI 
0 '24~ 532~ l.DJ. BLMTI 
0 4248 ~114 JMP IPSP2 

ISET LIMITS LIST VIA KEYBOARD 

21 4247 0000 SLIM, 0 
0 42150 7~U57 )c2e, )eeT )(01 ICJPS UNPACK> 
0 4251 ese7 LIM! 
0 4252 6~e2 JPS IPSP IGET LEGAL ~AI~ ~o. 
0 4253 1470 SET 0 IMAV SPECIFY LAST PAIR Nn. Er~TF.J'Fr)+ 1 

" 42fi4 e00!5 JMP SLIM3 
0 42!5S 70!52 XCT )(01 IcJPS UNPACK> 
0 425e !557S ~ONG 
QJ 42e7 10521 xeT X07 leJPS UNPACK> 
0 42el2l ee21 CRLF 
0 4251 704! 5LIM3, XCT )(07 leJPS UNPACK> 

" 4282 5e21 CRI.F 
0 42e3 0340 TWISZ /eISZ ECHOF>SET FLA.G FOR f'PINT CH.lLY 
21 42e4 210e !CHOF 
21 .. 2e5 7035 X21, XCT X0e ICJPS INEC>PRINT PAIR NO. 
m 42ee 43515 LMPR 
0 42e7 5011 LDJ MGCL! IINITIALIZE MA~KrR 9lJFF'EP F·aINiE~ 

0 42121 e~1l STJ MKBP 
0 42'1 e430 JPS GL1M IGET LOWER LIMJT 
fa 4212 7lee )(23, XCT X0e leLOJ CHAR X> 
0 4213 2425 SMJ C100 1" 

" 4274 6020 JMf' SLIMl IVES- LAST PAI~ TN LIST 
0 A2'~ 72104 )(CT X08 /cJPS IM>SAVE IN II ITMP" 
0 427e ~4e4 ISTR 1TMP 
fa 4277 0000 IEXT 

" 4300 e5421 JIIS GLIM IGET UPPER LIMYT 
0 4301 ee40 X08, TWJPS IcJPS IM.>NO-CHFC~ UPPER L. I ~-': ! TAr, A 1 ,,~ So T 

" 4302 2441 1M ILOWER LIMIT 
21 43Q1~ 4Q1e7 ISUB 1TMP 
21 4304 0000 IEXT IRETURNS WITH JK-IAC 
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(21 4~05 1e02 SIP K I U P PER LIM I T < ,., R. L I") w F-: P L T ~' IT? 
0 4306 6i'4e JPS' ERROR! IYES 
21 4301 :34Ae ISZ LMPR I NO. ! NCR E MEN T PAt R ~q I N1 8 E' t? 
121 4310 ~014 L.OJ LMPP IINCREMENT PAI~ FOINTFP 3V ? 
0 4311 240e SMJ ELMT IENO OF TABLE? 
121 4312 6002 JMP SL.IM1 IVES 
0 4313 15132 JMP SL.IM3 INO 

0 4314 5010 SLI~11 , LOJ LMPP ISAVE POINTER TO L~ST PAIR.! 

" 4315 5442 STJ LLMA 
0 4316 eJ41 [RE,rURN SLIM 

PJ 4317 4200 ELM'i, LMTE 
0 4320 0100 Cie1", 0100 

0 4321 0000 GL. I ~1, 0 
21 4322 218421 xae" TWJPS 
0 4323 21421 INEC 

" 4324 21000 l.MPF~ , 21 
0 432~ 0340 TWISZ IFILL. FIELD OUT ~ITH ~PAC~S 
0 4328 2230 CNTFtI, CNTR 

GLIM4 •• 
21 4327 10 .. ' )( 07 .t XCT X02 IcJFtS U"IPACK>PPINT at,) ESP ACE 
0 4330 e!5ee spes 
0 4331 3303 05Z' eNTRI ILAST SPACE? 
0 4332 e103 JMP GL.IM4 INO 
0 4333 '141 XCT X23 leLOJ CHARX>VEs 
21 4334 2430 SMJ Cl1e ITERMINATING CHA~ACTE~=M? 
0 433~ e010 JMP GL.IMl I V E 5. USE MAR K F. F? V A L U FPC t ~>; 'r E n T ("l ~~ v " h~ 

0 4~~6 2~1e SMJ C100 ITERMINATOR? 
rlJ 43~7 631e [RE"URN SLIM IYES. SKIP PAIQ pnINT~R INr.~EMfNTATIO~i 
12) 43A0 ~!514 lSI LMPP INO· VALUE ENTF~FD 
III 4341 3420 lSI MKBP IINCREMENT BUFFER POINTE~S 
121 4342 3518 GL.I~12, ISZ L.MPP 
0 4343 341! 1SZ MKBP 
0 4344 tS:523 [RE"URN GLIM 

IZI 434~ !5214 GL.I~11, I.OJ. MKBP 
IZI 434e 5722 STJ' LMPP 
21 4347 3412 ISZ MI<BP 
0 4:5eliJ 3524 ISZ LMI'I' 
21 4351 !5210 LOJ' MKBP 
0 4:552 512e STJ' LMPP 
0 4~e3 el11 JMP GL.IM2 

0 43!54 4000 BL.M,', L.MTB IPOINTER TO BEGINNI~G rF LIMIT 
IPAIR TABLE 
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21 435~ 00"'1 LMPR, 0001 ILIMIT PAIR NO. 
0 4J56 0000 0000 IHIGH OQOER MUST BE.~ 

0 ~357 4000 LLMA, L"1TB IAOORESS+l OF LAST LIMJT PAIP 
I" L.L M A It IS RESET UPON SPECYAl. 
ICHARACTER T E R MIN A T I 0 t-J IN "SL It·'" 
IOF L.IM!T SET COMMAND 

121 43e0 12ee t-1GCLI, MGCL 
0 4351 0000 MKBP, 0 IMOVING POINTE~ TO MARItEr: 8UFFF.~ 

" 43B2 0211210 ITMP, 0 ITEMPORARV DOUBLE P ~ E C T S Y r) t~ I t-I T':: r; E F S'TC~AGF 

21 43e3 fZ!000 0 
21 43e4 21115 C1le, 21115 
0 43e~ 0140 C140, '-140 

lE3679 
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IPRINT AUTO-ANALYZER REPORT 

o 4;,ee 
o 4;'67 
o 4370 
121 4;'71 
2} ~~'2 
o 43'3 
o ~,:5' 4 
21 ~1375 
o t1i37e 
121 4;'" 
Ii!! 440QJ 
o 4,401 
121 44212 
21 44~3 
o 4i404 
o 4405 
o ~i40e 

o '-407 
o 4410 
21 4411 
o 4412 
o 4413 
o 4414 

Ii!! 4415 
fJ 4418 
QJ 441' 

0000 
051210 
ele57 
45214 
5425 
0500 
0tee 
!S421 
0e421 
2403 
!S!57e 
7103 
5513 
le14 
552' 
1510 
!55~0 
5130 
121540 
4sse 
S135 
e414 
e328 

1eA2 
001210 
0000 

PRP'·, '" 
TWLOJ 
GROUPZ+l 
.OJ C140 
STJ SPNT+l 
TWLOJ 
GROUPZ 
STJ SPNT 

)(1212,1 TWJPS 
UNPACI< 
HONG 
XCT )(1212 
SMOG 
CLR INC J 
STJ LMPR 
Ct.R J 
STJ LMPR+1 
L.OJ t.t.MA 
TWSTJ 
t.APR 
LOJ BL.MT 
JPS POPR 

[RE1rURN PRPT 

IF 0 R MeT W L 0 J > POl N T ~ f~ T t"l 13 E ~ I tv ~! ! "I G 
IWORO OF AC~UI~IT!ON ~POUc 
I " G R a U P l" CON T , I ~J S A < T ~J I ~ Z F Y > 
IINSTRUCTION 

IPRINT ~EAOING 

leJPS UNPACK> 

IINITIATE POINTE~ TO LIMIT QAtP 

IN2X, 
SPNT, 

IN2 
o I 0 0 U B L E PRE CIS ION < T W L n J > POI ~J T E Ff T IJ 
o ISTA~TING ADDRESS OF AeQuISITION G~'UP 

IPRINT DOUBLE PRECISION INTEGER POINTED TO 
IBY "LMTP" AND ADVANCE "t.MTP" TO NEXT DOUBLE 
IPRECISION INTEGER 

o 4420 
21 41421 
21 4422 
QJ .423 
21 4424 
QJ A42ts 
o A42e 

0QJ021 
101e 
7018 
00f.10 
3501 
3e02 
15308 

PLNC], 0) 
XCT )(01 
XCT )(03 

L.MTFt, 0 
ISl LMTP 
ISZ LMTP 

[RE"URN PL.NO 

IcISZ ECHnF>SET FLAG FOQ P~INT ~NLV 
IcJPS INEC)o 

IAOVANCE POI~TFR TO NEXT VALUE 

IENTER WITH J.POINTER TO FI~ST PAIR TO BE LISTED 
lAND "LAPR" INITIALIZED WITH POINTER TO END OF PAIR 
IBUF'ER TO B! LISTED+l' "LMPR" SET TO NUMBER OF FIRST 
IPAIR TO BE L.ISTED~ AND "SPNT" INITIALIZED TO ADDRESS 
10' BEGINNING OF GROUP 

o ~427 21000 POPR, 21 
o 443121 eS0e STJ LMTP 
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21 4431 0~00 POPR1, TWLDJ ILAST PAI~ ENTE~r::D"'l? 
21 AA32 4423 LMTP 

'" 
AA33 0240 TWSMJ 

0 .4~4 4e5~ LAPR 

'" 
44~~ l530e tRETURN POPR IVES 

0 4436 034121 )(1211, TWISZ IPRINT LIMIT PAI~ ~'J o. 
0 4437 212115 ECHOF 
0 444121 01540 )(1213, TWJPS 
21 44A1 214121 INEC 
0 4442 43ee LMPR 
0 4443 15~23 JPS PLNO IPFiINT INTERVAL ~TART C H A Nt·!EL 

'" 
4444 ee24 JPS PLNO IPRINT INTERVAL ~ T (j P C t"i A t-.: N ~ L 

0 444e t5122 LDJ LMTP IRESTORE "LMTPII 
21 44415 2304 SUBL 1214 
21 4447 ~e24 STJ LMTP 
"-' '4e0 1542121 JPS CALC IPERFORM CALCULATIONS FOw C\IE PAI~ 
21 44el 7113 XCT )(01 IcISZ E C H 0 F > " I NEe ., P R ! ~ J T !j r·! L V 
0 ".U52 7112 )(CT )(1213 IcJPS INEC>PRI~T 8ACKGPnU ND 

" 44~3 4eel BGNO 
21 44!54 711 e XCT )(01 IcISZ ECHOF>P~!NT ONLY 
0 445e 'lie XCT )(1213 IcJPS INEC>PRI~IT NET COUr-ITS 

'" 
44ee 48e3 NTOT 

'" 
44r57 7121 XCT )(01 IcISZ ECHOF> 

21 44150 7120 )teT )(03 IcJPS INEC>PRINT I'EAK ENEPGV 
0 44151 .sees PAOO 
II 44e2 0840 TWJPS 
21 44153 24213 UNPACK 
0 44eA ee27 CRLF 

'" 
.4ee 03A0 TWISZ IADVANCE LIMIT PAIR NUtte E~ 

21 44ee 4355 LMPR 
fJ .4e7 81:se JMP POPRl INO 

lEiS8l! 
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ICALCULATE REPO~T VALUES 
IENTER wITH "LMTP" POINTING TO TWO DOUBLE PRECISION 
IINTEGER CHANNELS 
IEXIT WITH "SUML"SIJMH"8GROSS COUNTS UNDER PEAl< IN 
ISPECIFIED INTERVAl .. ' "HPTI..,HPTH"8AOO~ESS OF HIGHEST 
ICHANNEL CONTAINING THE HIGHEST POINT 
lIN SPECIFIED INTERVAL, AND "PADO"- !:NF.RGY OF HIGHEST 
IPOINT AS CAl.CULATI!O FROM CALIBRATION COEFFICIENTS "A" ~ND "P" 

" 4410 
2' 4"1 
21 4472 
rtI 4473 
'" 4414 
" 447:J 
18 447t5 
" 4477 
o 4500 
o 4e01 
o 4elZ!2 
(21 4ertl3 
o 4504 
" 4e0e 
o 450e 
21 4e07 
o 4510 
'" 4511 
" 4e12 
21 4513 
" 4e14 
" 4elS 
o 4~le 
'" 4511 
" 4520 
o 4521 
121 4522 
21 4523 
" 4824 
21 "525 
o 4e28 
" 4527 
'" 45~" 
'" 45~1 
o 45!2 
o 4533 
" 4534 
" 4535 
" 45~e 
13 4e37 
" 45'0 

~01Z10 
0!40 
2441 
53e0 
e4.' 
7360 
4361 
4eel 
0000 
e44e 
0S40 
4ee7 
1374 
~441 
0540 
4ee8 
J5S! 
~eee 
7121 
e~70 
4021 
0000 
~e73 

c~e14 
1~04 
S424 
0e40 
4et51 
7022 
~41e 
7034 
eeAe 
3417 
101S 
e412 
'0~5 
70150 
3412 
1442 
3407 
3005 

CALC, 
)(04, 

o 
TWJPS 
1M 
ILOO' LMTP 
ISTR FPNT 
IMUL' IN2I 
lsue, IN2I 
tAOO SPNT 
IEXT 
STJ OATP+1 
TWSTJ 
PAOO+1 
E)(JK 
STJ OATP 
TWSTJ 
PADD 
ISZ LMTP 
ISZ LMTP 
)eCT )(04 
Il.OD' I..MTP 
ISUB FPNT 
IEXT 
ISZ LMTP 
ISZ Lt-1TP 
INC J 
STJ DeNT 
TWSTJ 
IWID 
XCT 
STJ 
XCT 
STJ' 
ISZ 
XCT 
STJ 
XCT 
XCT 
ISZ 
SKIP 

OATP 
FPNT 
X22 
HPTLI 
OATP+l 
CATP 
FPNT+l 
X24 
X13 
OATP+l 

ISZ CATP 
OSZ DeNT 
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I CON V E R T S TAR T r N G C H A ~I t..,j ELI • ~ T 0 
IADORESS POINTF"R 
IGET STARTING LIMIT 
ISAVE STA~TING LIMIT 

IRETURNS WITH JK.IAC 
I T RAN S FER POI N T E ~ FRO M I A r. TO" 0 A T P " 
IINITIALIZE HIGHFST Pot~T AnD~(S~ 

IINCREMENT LIMIT BUFFER PCINTEP 

1< J PSI M> AND CAL c: U L ATE' C H A ~, "J E' Lee u ~j T E P 

IGET STOPPING LI~IT 
ISU8TRACT STARTING LIMIT 
IRETURNS '.-IITH .. JK.IACaNO. OF CHAt\~,;ELS 
IINCREMENT LIMTT RUFFER P~I~TFR 

I'eSTOP-START)+, 
ISET INTERVAL rOuNTER 
ISAVE INTERVAL WTDTH 

ICTWLDJ FX "OATP+1"> 
ISAVE VALUE OF FI~ST POINT OF INTEqVAL 
IcSTJ SUML>AND INITIALIZE T1TAL 
lAND INITIALIZF HIGHEST P'I~T 
ICHANNEL CANNOT CROSS ~~M'RV FIELDS 
Ie L 0 J F X I' 0 A T P ... 1 " > 

IcSTJ SUMH> 
/cSTJ Hf)TH> 
ILAST CHANNEL TN FIELD? 
INO 
IYES- INCREMENT ~E~ORV FI~l~ 
ILAST CHANNEL? 



21 4~£11 f500e JMP POPR2 INO 

" 4542 e0!2 JMP PRPT3 IVES 

21 4543 0000 FF'NT, 21 ICOUNTS IN FIRST CHANNEL IN INTE~VAL 
12) .. e44 00210 121 IUSED ALSO FOR TEMPORAPV STOR AC~E 
0 4545 000121 DeNT, ~ IINTERVAL COUNTER 

POPR2 •• 
m 4546 0504 DATP, TWLDJ F0 
0 4547 1210021 0 
fZJ 4550 1204 L.I<FJ ILOW ORDER TO I< 

0 4e51 :3S02 lSI OATP+1 
0 4552 7104 )eeT CATP IcLOJ FX "DATP+1">~IGH Ok,)F.q IN J 
21 4553 13211 L.RSFJI< 
21 4554 !e2l5 lSI OATP+1 
0 A555 1442 SKIP 
0 45ee ~510 lSI CATP 
121 4557 1374 EXJI< 
121 45e0 1450 CLR a IADO TO "SUM" 
21 .teel 4802 AOJ' SUML.I 
0 ."e2 05.H'J )(22, TWSTJ 
0 45153 4845 SUMLI, SUML 
121 4ee4 1455 SIZ CL.R a 
m .see le2l4 INC K 
21 • 5l5l5 137 • EXJI< 
0 .5e7 4e02 ADJ' SUMHI 
0 ~570 0540 )(24, TWSTJ 
0 ~S71 4848 SUM""I, SUMH 
QJ ~572 13m2 L.JKFRS IHIGHEST POINT?- PESTCRE JI< 
0 .e73 145121 CLR 0 ICJ8HlGH OROER,I<. La~v) 

0 4574 214121 TWSBI< 
2) 4575 4847 HPTLI, HPTL 
0 4"78 14e5 SIZ CLR 0 
0 4577 23211 SUBL 01 
IZI 4800 421150 SBJ MPTH 
21 48211 lAe5 SIZ CLR 0 IPOSITIVE RESULT? 
0 48m2 8142 JMP PRPT4 INO- 00 NEXT P"INT 
0 4803 13212 LJI<FRS IYES- REPLACE r'lLO V14LIJE h· IT H ~~ E W 

" 48214 5444 )(13, STJ HPTH 
III 4805 0e~0 TWSTI< 
0 48015 48 .. 7 HPTL 
0 4807 (51421 L.OJ DATP+l lAND UPDATE AOORESS 
0 4810 84.15 STJ PAOO 

" 4811 e14:! LOJ DATP 
21 4812 e44e STJ PAOO+! 
0 4813 15153 JMP PRPT4 ICO NEXT POINT 

0 4814 1302 PRF'T3, LJI<FRS IRES TORE JK 

" 481!S 0eem TWSTI< lAND STORE IN tAC 
0 4t818 2!50e L.ORO 
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o 4617 
o 4e20 
" 4821 
o 4622 
121 ~H'23 
QJ .624 
21 482e 
QJ 482e 
o 4627 
21 46!0 
" .631 
" 46~2 o .633 
18 4834 
18 463S 
18 4e~e 
21 48!7 
121 4840 
21 4641 
21 4642 
o 46A! 

o 4e44 
" 4t5A5 
21 41548 
o 41547 
o 4se0 
21 415~1 
o 41Se2 
o .1S5! 
" Ase4 o 4!See 
I2J 4eee 
o 4ee7 
21 4eelZl 
" 4sel 
" .ee2 

1£3123 

0e40 
2508 
12'840 
2441 
4se0 
ee37 
7024 
e433 
5018 
4031 
5422 
5024 
4225 
ee27 
!5421 
00121121 
0e40 
4723 
4eee 
0820 
4470 

16ee 
01212121 
0000 
0QJ00 
0000 
0000 
0QJ00 
002121 
0QJ00 
4001 
121000 
0121210 
4418 
000QJ 
21000 

TWSTJ 
HORD 

)(28, TWJPS ICALCULATE 8ACKGQ~UNQ 
1M 
TACO FPNT 
IOIV' IN2Il 
IMUL lWIO 
ISTR BGND 
ILOD SUML. 
lsue BGNO 
lSTR NTOT 
IL.CO PADO 
lsue, SPNTI 
IDIV' IN2Il 
ISTR PAoe 
IEXT 
TWJPS 
PEe A 
PADO 

1ST ORE BACKGROuNn 
IGET GROSS COU~T5 
lAND CALCULATE NFT 
1ST ORE NET COUNT~ 
ICONVEPT ADORE~S OF HIGHEST 
IPOINT TO CHANNEL NUMBE!=1I 

ICONVERT CHANNFL NUMBE~ T~ ~~EPGV 

[R!TIURN CALC 

1111, 
SUML, 
SUMH, 
HPTL, 
HPTH, 
IWID, 

NTOT, 

L.APR, 
PADD, 

SPNTI, 
BGND, 

III 
o 
o 
o 
" \2) 

0000 
121 

o 
L.MTB 
o 
o 
SPNT 
o 
o 

IPOINTE~ TO OOue~E PRECI~rnN CONSTANT I~ A1-1G6' 
IG~OSS TOTAL UNDER PEAK 

IVALUE OF HIGHEST POINT ON INT~RVAL 

IWIDTH OF INTERVAL 
I~IGH OROER MUST BE.0 
INET TOTAL UNDER PEAKfGRrSS-BACKGPOUNC) 

I M 0 V I N (; POI NT E R TO LAS T P A I R T 0 6 E P R I ~i TED 
IAOORESS OF HIGHEST POINT IN INTEqV4L 
ICONVERTED TO ENE~GY BfFrRE PPI~TIN~ 

IBACKGROUND COUNTS IN yNTERVAL 
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III 4seJ 1642 IN2Il, IN2 

IPRINT REPORT FOR CURRENT M~RKERS ONLY 

° 4ee4 000121 PRCM, 0 
0 .. ee~ 0e40 X26, TWJPS 
0 .. se5 241213 UNPACK 
0 4S!7 5e27 CRl.F 
0 4e70 e417 JPS SSTC IINITIALIZE "SPNT" 
21 4e71 le10 CLR J ISET PAIR NUMBFR.0 TO li'·JI"ICA.TE 
I2J 4572 0~40 TWSTJ IMARt<ERS 

" 4573 43e!5 l.MPR 
21 4874 0!500 X27, TWl.OJ 
121 .e7!5 43el2l MGCLI 
0 457S 2204 ADOL 214 IINITIALIZE ENn POINTfR Tn 
21 4877 0!540 TWSTJ lEND OF CURRENT ~ARKE~S 8UFFEP. 
121 4700 4See LAPR 1.5 US~O IN 41+1",~e 

121 4701 2304 SUBL 214 IRESTO~E J 
2' .. 71212 0540 )(2O, TWJPS IPERFORM CALCULAT!ONS AND P~I !"T 

° 4703 4427 POPR 
21 4704 63221 [RETURN "ReM 
21 47me 154121 GSeI, GSC 
121 470e 0~04 CTWLD, TWL.OJ F0 

IINITIAl.IZE "SPNT" WITH STARTING ADDRESS OF BEGINNINr, 
IOF CURRENTLV DISPLAYED GROUP 

" 4707 121000 S5TC, a! 
0 4710 71e7 )(2;, XCT )(28 IcJPS 1M. 
0 ~711 e304 IL.Oe. GSCI 
2) ~712 1327 IMUL' IN211 
0 4713 0000 IE)tT 
0 4714 04!5m TWAOK 
III 4715 .. 7121e CTWLD 
121 4118 0'!50 TWSTI< 
121 4717 4417 SPNT+l 
0 4720 0!54m TWSTJ 
IZI 4721 441e SPNT 
0 4722 6313 CAETURN S8Te 

I CAL. C U L ATE ENERGY FROM CAL I B A A T ION C 0 E F FIe lEN T S : n B N , ~ 0 " AND "A C ('I"! II 
,WHICH ARE SET UP BY "ECOF." 
IREPL.ACES CHANNEL NO. (eOUBLE PRECISION INTEGER, POINTE~ 
ITO BV CALL+l WITH ENERGY 
IRETURNS TO CAL.L+2 

It) 472:! 
o 4724 
It) 4725 

PEeA, 121 

L.DJ' PEeA 
lSZ PEe A 
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0 4726 '411 STJ PNTRl 
0 .,,727 7117 xeT )(29 /<JPS 1M> 
0 .,,730 5207 ILOO' PNTRl 
0 ~,731 7QJ~' IMUL BN 
0 ~732 8440 IOIV BO 

" ~,1~3 443! tADD AeON 
flJ ~,734 ~HS0! tSTR. PNTRl 
0 .735 0000 tEXT 
QJ 4736 e313 tRE'·URN PECA 

I2J 4737 0000 PNTFr 1 , 0 

/MANUAL PRINT REPOFrT 

m .740 0211210 MPFHt, 0 

" 4741 7154 xeT X2e I.cJPS UNPACK> 
fa 41,742 !5S72 PRMM 
0 .743 15534 JPS S5Te IINITIALIZE "SPNT" 
0 11,144 0840 TWJPS IGET LIMIT PAI~ NO. 
m 4745 4200 IPSP 
0 11,7415 1400 IDLE ILAST PAIR ENTFRFr) IS LAPGEST LEGAL PAT 
0 4747 152125 JMP MPRRl 
21 4750 71e3 XCT )(215 I-cJPS UNPACK> 
0 47!1 5e7~ HONG 
0 47e2 71ee )(32., )(CT )(28 I.cJPS UNPACK> 
0 4753 se13 SHOG 
21 47154 121500 TWL.DJ 
II A,7se 43e7 L.L.MA 
21 A,758 0540 MPR~2, TWSTJ 
21 11,757 48ee l.APR 
0 47e0 71015 xeT )(32 IcJPS UNPACK> 
21 4781 5827 CRL.F 
21 47e2 21500 TWL.DJ 
0 ~17e3 4324 LMPP 
II 47154 1182 xeT )(221 I<JPS POPR> 
21 478e 6!2e tRE'·URN MPRR 

21 47ee 0000 ACON, 0 ICALIBRATION CONSTANT 
0 47e7 002121 0 
21 4"21 00210 BN, II ICAL.IBRATION COEFFICIENT NU~ERATOR 

21 4771 21000 0 
21 4112 002121 BD, 0 ICALIB~ATION C:OEFFICIEt\lT OENQMI"JATCQ 
21 .773 210210 21 

21 4114 12'500 MPR~! 1 • TWL.OJ 
e 41715 4324 L.MPP 
0 477e 22214 ADOL 04 
21 .7" e121 JMP MPRR2 

IUPDATE STATUS DISF·L.AY OF PEAK PARAMETERS BETWEEN 
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ICURRENT MARKERS 

0 5000 00210 MSTD, 0 

" 5001 t5S72 JPS SSTC 

" 50~2 0~00 )(12, TWLOJ 
0 ~ae3 43ea ~GCLI 

" 52104 0S .. 0 TWSTJ 
0 t5005 4423 L..MTP 
21 5006 0e40 TWJPS 

" e2l07 4470 CALC 

" !l010 e310 [RETURN MSTO 

ICALCULATE ENERGV CALIBRATION COEFFICIENTS 

" 5011 0000 ECOF, 0 

" !5012 7140 )(CT )(32 IcJPS UNPACK> 
0 !5013 ~e30 ENeI' 
21 !5014 0840 )(31, TWJPS IGET "X 1 ,. 

" !501~ 2140 INEC 
0 !501t5 ~"73 )i1 
0 9017 714! xeT X32 IcJPS UNPACK> 
0 e020 et5A3 EM1 
21 !5021 710! xeT )(31 I<JPS INEC>GET ., v 1 " 
21 !5022 ~07' V1 
0 !502J 7tel XCT X:!2 IcJPS UNF'ACK> 
0 !5024 5e .. , PM1 

" 502! 7111 XCT X!l IcJPS INEC>GET "X2" 
21 f502t5 ~0'S )(2 
21 e02' 7155 xeT )(32 I<JPS UNPACK> 
0 !5030 ee~2 EM2 
0 !5031 7tle xeT X31 I.cJPS INEC>GET ., V2" 

" !50!2 51211 Y2 
0 5033 71el )( 11 , )(eT )(32 IcJPS UNPACK> 
0 !50~4 eeee OUTl 

" 32135 0e40 )(0;, TWJPS 
21 f5213t5 2441 1M 
0 5037 !503e ILOO X2 ICALCULATE DENOMINATO~ ~F CALI5PA-
21 150421 4033 ISUB )(1 ITION CDEFFICIFNT 
0 15041 e~47 ISTR BO 
0 !5042 !0~' ILOO V2 ICALCULATE NUMFRATQR QF CALI8RA. 
0 15043 40~4 ISUB V1 ITION COEFFICIENT 
0 !5044 r5ee4 ISTR BN 
0 1521415 8553 ICIV BO IPRINT CALleRATI~N CO~FFICIENT(SL~PE) 

0 150.e ~400 lOUT leA IN ENERGYaA.CHANNFL+6) 
fa 150.7 0000 IEXT 
IZI !50r521 711! )(CT X11 IcJPS UNPACK> 
0 !521rsl 02103 TTY 
21 150"2 '115 XCT )(0; IcJPS 1M> 
0 !0!53 51e3 ILOO BN 
0 eQH54 7131' IMUL )(1 

8-16 



0 e0e~ 6~U53 IOIV BO 
21 er2Jee e00121 JNEG I CAL C U L ATE CAL J BRA T I a ""1 C (~ ~, ~ TAN T 
121 SI2Ie7 .... 20 IAOO VI 
0 !5060 fH5'2 ISTR AeON 
21 50et 0000 tEXT 
121 e052 7121 xeT Xl1 IcJ~S uNPACK> 
0 50eJ ,eel?) OUT2 
121 eme .. 03A0 TWISZ 
PJ 50tH' 210e ECHOF 
21 smee 71e2 XCT X31 IcJf:)S J~IEC> 

0 e0!7 2~0!5 l.ORD 
21 512170 '1;'~ XCT Xl1 IcJPS UNPACK> 
13 5071 eeee OUT3 
0 5072 8361 [RETURN ECOP' 

21 !50'3 000121 Xl, 21 IFIRST CHANNEL VALUE 
21 !50'" 0000 ill 
0 em's 1210210 )(2, (,3 ISECOND CHANNEL VALUE 
0 e01e 0000 0 
m em77 2112100 VI, 0 IFI~ST ENERGY VALUE~TO Cr.qRESPONr; . T'J 
Q.I !5101l1 02100 0 ICHANNEL VA1.UE ")(1'" 
0 5101 0000 Y2, 0 ISECOND CHANNEL VALUECTO CORRESPCt-.J!"1 TO 
0 !5102 0121021 0 ICHANNEL VAL.UE "X2"l 

IE27217 
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ICHECK FOR P~ESfT COUNTS 

e 5103 
o ~1~4 
21 5105 
o 5106 
o !51 ~7 
o f5110 
o !5111 
o 3112 
o 5113 
o 5114 
o 3115 

00021 
0~00 
2320 
2410 
1442 
70J0 
715e 
e5707 

c7177 
!5J17 
5312 

PSCN, 0 
TWLDJ 
CHARX 
SMJ P121 
SKIP 
XCT X33 
XCT Xl1 
SPCM 
XCT X:51 
PSCL 

[RETURN PSCN 

o !511e 0121 P121, 121 

ILAST CHA~ 

IQ ? 

INO -ERROR 
IcJPS UNPACK~ 

IcJPS INEC> 

I I NIT I ATE I, R C NT" C MOO I FIe A T ION 0 F "A C QUI R E " COM MAN 0 ) 

o ell7 
21 !120 
o 5121 
o 15122 
" !5123 
o 5124 
o e125 
21 '512(5 
'" 15127 
o !513QJ 

50e0 
e44e 
~500 
12es 
S437 
0~00 
12721 
t5435 
0(52121 
20e2 

S~CT, ~OJ C144 
STJ ReNT 
TWl,.OJ 

MGCLll, MGCL 
STJ LMI(R 
TWLDJ 

MGCR I , MGCR 
STJ RMKR 
TWJMP 
AQEXIT+l 

ISAVE CURRENT ~ARKE~ LOCATI.,hS 

IDISPLAY LIMIT PAIR eSET MARKERS. LIMIT PAI~' 

o '~131 
o e132 
o e133 
o !134 
o el:5~ 
o e13(5 
o 5137 
o 51421 
o 15141 

III 51~2 
QJ !51"J 
o 5144 
o 5145 
o e1Ae 
" 15147 
o 15150 
o 51e1 
o !5152 

00210 
c71" 

ee7!5 
0e40 
4200 
141210 
(5003 
me40 
2120 

e120 
15401 
151Q1 
2204 
5411 
21520 
4324 
0540 
0000 

DLMP, 

OLMP1. 

DLMP2, 
L.MPPI. 

PNTR2, 

o 
XCT Xl1 
OMES 
TWJPS 
IPSP 
IDLE 
JMP Ol.MPl 
TWJPS 
ERROR 

LDJ MGCLll 
STJ PNTR2 
CLR J 
.OOL 04 
STJ CNTR2 
TWL.DJ' 
l.MPF' 
TWSTJ 
o 
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IGET ".IR NO. 

100 NOT ALLOW IA$T PA!R+l 

1'1 ALL" S P E C I FIr A 'T I (1 N NOT A L. L 0 !Ai E I"J 

I SET U P POI NT E ~ T C B E r: ! ~P'.! I ~ 1 r; 
IOF MA~KER BUFFER 



o 5153 
21 51t54 
o 51~5 
o !51~e 

" 51e7 
o ele0 
o e1e>1 

3501 
:5704 
3010 
e107 
0!40 
5000 
6330 

ISZ PNTR2 
ISZ' LMPPI 
DSl CNTR2 
JMP OLMP2 
TWJPS 
MSTO 

[RETU~N OLMP 

IUPO •. TE STATUS FI'i~ NEW l~ARKER VAI.LJr:S 
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IRATE CALCULATION -PART OF BACKGROUNO DISPLAV DU~ING AC~ 

21 ~le2 
12) Slt53 
o !51e4 
21 !51t5~ 
o SllSe 
o ~le7 
12) 5170 
o S171 
21 e5172 

00!210 
0000 
0000 
0000 
0000 
0144 
0140 
213e2 
202~ 

LMKR, 
RMKR, 
CNTR1, 
CNTR2, 
ReNT, 
C144, 
C)(140, 
RTRNI. 
AQOFF!, 

t:, 

o 
21 
21 
121 

01A4 
140 
RETRN 
AQOFF 

IMARKER LOC AT START OF AC~ 

I C LaC I< c: 0 IJ N T E R FOR RAT F " E T E R 1"1 I t.J A T 1 r") N 

ICALCULATE RATE OF ACQUISITION FOR I-SECOND INTERVALS 
I(MODIFICAT!ON OF CLOCK SERVICE) 

21 Sli':3 
21 ~174 
L'J !51'~ 
o 15175 
o 1517' 
o S200 
o 15201 
21 152212 
o 1520:3 
121 152214 
o ~20S 
o S20e 
" ~207 
o e2t0 
" 5211 
" 15212 
121 1521:3 
" 15214 
o S21!5 
o 1521e 
o e521' 
IZI S220 
121 5221 
121 15222 
" 1522;5 
o 15224 
o 152215 
o 522e 
o 5227 
o e2~0 
2) !2!1 
" !2!2 
o e2:5:5 
o 152:54 
o e23! 

21340 
2100 
e012 
Pl340 
21211 
e007 
0S00 
2076 
01510 
2077 
17015 
e314 
3121 
e317 
15122 
151524 
el~l 
181121 
23211 
1341 
044121 
0115e 
15422 
1374 
0440 
01~7 
41535 
15414 
15144 
414e 
22211 
~!54e 
e08L'J 
15481 
~0!57 

COTR, 

COTR2. 
X14. 

TWISZ 
Cl.OCt<l 
JMP COTR, 
TWISZ 
CLOCK1+1 
JMP CDTR2 
TWLDJ 
TIME 
TWLOI< 
TIME+1 
SIZ JK 
JMP' AQOFFI 
DSZ RCNT 
JMP' RTRNI 
LOJ C14" 
STJ ReNT 
LOJ LMKR 
CLR I( 

SUBL 211 
SFTZ 01 JI< 
TWADJ 
GROUPZ 
STJ RPNT+l 
E)(JI< 
TWAOJ 
GROUPZ+l 
AOJ CX140 
STJ RPNT 
LDJ RMI(R 
SBJ LMI(R 
ADOL 01 
STJ CNTRl 
LOJ TSML 
STJ OSML 
LOJ TSMH 
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IINCREMENT CLorK COUNTF.? 

ICLOCK EXPIRED -nyo USER ~ET A TIME? 

IVES- CLOCK E)(pI~ED .. STOP ~:CIJUI~ITICt. 
INO SET TIME- 10 5ECONCS ~LAP~ED? 
I~O 
IYES- RE-INITIALTZE COU~TE~ 

ISET-UP POINTERS 

ISAVE LAST TOT,\L 



121 52~6 5460 STJ OSMH 
0 5231 1~10 CLR J 
0 5240 e4e~ STJ TSML ICLEAR SUM 
21 52~1 54e3 STJ TSMH 

COTRl -. 
IZI 5242 0~0:5 RPN'r, TW~DJ Ft 
III 5243 00021 (II 

12) 5244 14e0 CLR 0 
IZI 624~ 444e AOJ TSML 
21 52Ae e44~ STJ TSML 
0 ~247 3!04 15Z RPNT+1 
12) 52!50 7108 XCT RJ'NT IcLOJ F)( "RPNT ... 1"> 
21 f52!51 14!5S SIZ CLR 0 
0 92!52 1!504 INC J 
0 52!53 4441 AOJ TSMH 
21 52154 5440 STJ T5MH 

" 52!5e 3e12 lSI RPNT+t 
121 92!58 14A2 SKIP 
III 52e7 3!515 lSI RPNT 
III 92fJ0 c317A DSZ CNTRt ILAST POINT IN I~TEQVAL? 
12) S2el 6117 JMP COTRt INO 
0 92(52 14!50 CLR a ICALCULATE OIFFE~ENCE 6ET~EEN 
0 52e3 50321 LOJ TSML ILAST AND LATE~T TOTALS WHICH IS 
0 52fi4 4031 SBJ OSM~ I-RATE PE~ SECON~ 
21 92ee e430 STJ OSML. 
0 e2t5e 15028 LDJ TSMt-t 
0 !52e7 141515 SIZ CLR 0 
0 !5270 2301 SUBL 01 
21 ~'271 421215 SBJ OSMH 
0 3272 15424 STJ OSMH 
0 !5273 f5024 L.OJ PSCL IJ'RESET COUNT ? 
0 !5274 2I!510 TWLOK 
121 !527e !5320 PStH 
m 1527e 17215 SIZ JI< 
0 15217 8002 JMP COTR4 IVES 
121 15300 71721 XCT X14 IcJMP RETRN> 

0 !53211 A012 COTI~4 , SBJ TSML IPRESET COUNT FXCEEDEC' ? 
12) 15302 1374 EXJI( 
e 15303 1 A~H5 SIZ C~R 0 
121 15304 2301 SUBL 01 
0 !530!5 4007 SSJ T8MH 
0 15308 14es S1Z CL.R 0 
0 15307 e5203 JMP' AQOFI IYF.S 
21 153121 218210 TWJMP INC 
It) 15311 03(52 RETRN 

21 15312 202e AQOP'I, AQOFF' 
0 S313 0000 TSML, 21 ITOTAL BETWEEN M~RKER5 

21 ~314 0000 TSMH, 0 
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0 '315 21000 OSML, 0 

" 531e 0000 OSMH, 0 
21 15311 00210 PSCL, 0 IPRESET COUNTS 
21 5320 0000 PSCH, 0 
0 5321 !5!533 XSTSI. )cST!-1 
0 5322 ~!5~!5 XATNI. XATN-1 
0 5323 0145 CX145, 0145 

0 5324 0000 RMDP, 0 IRESTORE NO~MAl MAR~E~ I"ISF'LAY 
0 15325 5104 LOJ XSTSI IQESTORE X-RAY STATUS DISPLAY 

" 1532e !582!5 STJ' LDF41 
0 15321 ee528 5TJ' STATXI 
0 e330 0S00 TWLOJ 
(8 !5~~1 4380 MGCLI 
21 15332 5sel !TJ' MGCLPI 

" !5:S~3 "'S00 TWLOJ 
21 15334 5125 MGCRI 
21 ~3~e 58e1 STJ. MGCRPI 
0 !53~e !5004 LOJ MGCCI 
m !5~37 eee2 STJ' MGCCPI 
21 !5~40 21800 TWJMP 
0 !5~.1 0230 DECODE+! 

lE27S:S 

8-22 



o e342 
21 f5343 
21 ~344 
o ~34~ 
21 e3t18 
o !534' 

152!5 
011! 
0114 
21221 
0000 
Pl0021 

MGCC:I, 
Cl1~1, 

Clt~" 
ERR!l, 
ATNCI, 

MGCC 
0113 
0114 
ERROR 

" o 

IDISPLAV PRINCIPAL ENERGV MAR~ERS 

o !3S0 
o 53S1 
21 S3!2 
o !535:S 
21 !5J54 
21 eJe~ 
o !J5e 
21 e3~' 
21 5:se0 
o !3Eil 
o 53e2 
o !5383 
o eJ54 
12' 5:see 
12' 53ee 
" 5Je7 
" 53721 
" 5371 
21 5:572 
o 15313 
o 5374 
21 5375 
o 5376 
o 53" 
o 542121 
21 5401 
21 e402 
o 54213 
o e404 
IlJ 54215 
121 8421e 
o e41217 
" !5410 
12' e411 
o 5412 
o 5413 
o e4t4 
21 e4t! 
21 eA1S 
o 5417 
o !5420 

00021 
5127 
0540 
2258 
05421 
112141 
0640 
24213 
5101 
0640 
2140 
!5346 
el1t5 
1~01 
5'21 
1450 
4145 
1451 
5'2e 
45521 
5472 
0500 
23221 
2e:54 

-e2l7S 
2e:se 
e004 
0640 
0245 
e1121 
sees 
(5414 
21003 
50e4 
0!5~0 
1513 
2202 
215421 
151. 
2202 
05421 

DENR' , 

LOF4,I, 

5TAT')(I, 

OENR~5 , 

DENR!' , 

O!NR~4 , 

MGCL,PI, 

MGCR!P I, 

o 
LDJ XATNt 
TWSrJ 
LOF+4 
TWSTJ 
STATX 
TWJPS 
UNPACK 
ATNM 
TWJPS 
INEC 
ATNO 
L.OJ AT NO 
SNI J 
JPS' ERRI1 
CLR 0 
SBJ CX145 
SNZ . CLR 0 
JPS' ERRll 
ADJ eX14! 
STJ CNTA3 
TWLDJ 
CHA~X 
SMJ Clt! 
JMP DENRe 
SMJ Cl1A 
JMP DENR' 
TWJPS 
FCHAR 
JMP DENR!5 
LDJ BLTB 
JPS GMKR 
0003 
l.DJ t<1I<Rl1 
TWSTJ 
MGCLP 
ADDL 02 
TWSTJ 
MGCRP 
ADOL 02 
TWSTJ 
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IRESET X·~AY STATUS OI5PLAV 
IFOR ATOMIC NU~B~~ 

IOET ATOMIC NO. 

IZERO? 
IYES 
INO- GRE.TER THA~ 1~~(10) ? 

IVES 
INO RESTORE J 

I I N PUT T E R MIN ATE f"i I~I I T H " I< 'I i) R II L " ? 

IVES- "K" 

IVES- "L" 
INO- WAIT FOR CHARACTER FRO~ KEY80A~~ 

IGO CHECK IT 

IREOIRECT MARK~R DISPLAY 



it ei421 leiS MGCCPl, MGCCP 
0 ei422 5352 [RETURN OENR 

IGET MARKERS LOCATIONS FROM TABLE 
lEN T E R wIT H POI NT E R TO BEG INN I N G 0 F TAB LEI N II J " AND 
INUMBER OF MAR~ER LOCATIONS TO BE ~ETPEIVEO IN C~LL+l 
IRETU~N TO CALL+2 

0 5423 210210 GMt<R, 0 
0 5424 54e4 STJ ETLP 
0 5425 e0!50 LDJ MKR11 ISET UP POINTE~ TO MARKER fiISPLAV 
21 542e 5437 STJ PNTR9 IBUFFER 
0 5427 ~0e2 LOJ ENR1I lAND ENERGY BUFFF~ 

0 54;'0 e4~4 STJ PNTRI! 
0 54~1 !5JQHS LOJ. GMKR ISET UP MARKE~ COUNTER 
21 S4:!2 !S4se STJ CNTR4 
21 54:!J ~!510 lSZ GMKR 
0 64~4 3032 GMKR1. OSZ CNTR3 
0 5435 8032 JMP GMI<R2 
0 5438 !52e2 GMKr:U'~ • LOJ. ETLP ITRANSFER TO DYSPLAV A~EA 

0 5437 34S1 ISZ ETLP 

"" 
9440 !545!5 STJ ITMPl 

0 9441 5247 LOJ. ETLP 
0 !5442 3448 ISZ ETLP 
0 !s443 S4e3 STJ ITMP1+1 
0 !5444 QJe40 TWJPS ICALCULATE CHANNFL 
0 !5445 2441 1M 
21 !54Ae f50'7 ILOO ITMPl 
0 15447 sel5 1STR. PNTRS 
0 3450 4242 ISUB. AeONl 
0 15451 7243 IMUL' eOI 
fa !54f52 ee41 IOIV' BNI 
0 !54!53 5812 ISTR. PNT~9 
0 !54!54 0L'J00 1EXT 
0 e4SS 3410 1SZ PNTR9 
II r54Se 34137 ISZ PNTRg 
21 154e7 340e ISZ PNTR8 
II 154em ~4it4 lSI PNTRe 
21 !5.e1 3028 csz CNTR4 ILAST ONE? 
e 15482 8124 JMP GMKRg INO 
21 154e3 e3A0 [R!TURN GMI<R IVES 

21 !S4!A 001210 PNTR8, 0 
0 !5.e~ 0QJ00 PNTR9, 0 
0 !54ee 2121210 CNTR~, QJ 

21 15481 15021 GMKR2, LDJ ETLP IADVANCE TABLE P~INTER 

0 15470 4417 AOJ CNTR4 

"" 
15471 4415 AOJ CNT~4 
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21 !5472 ~41e STJ ETL? 
21 5473 el~7 JMP GMKRl 

21 .!5'" 6537 BL T8~, LTBS 
0 !541e 5~20 MKR1I, MKPl 

21 541e !5021 OENR~6 , LOJ BKTB 

" !54'7 e~e4 JPS GMKR IGET TWO MARKEQS 
21 es500 00212 G'!002 
21 e!501 1e10 CLR J ICLEAR THIRD MARKER 
21 !502 e422 STJ MKR3 
a 5503 !5422 STJ MKR3+1 
21 !55214 542e STJ EN~l+A 
21 !5!50!5 542e STJ ENR1+~ 
0 !550e ce175 JMP OENR4 

" ~U'217 2102121 CNTR4, 12) 

21 eel0 21000 ETL.F~ , 0 
21 e511 !5!528 ENR1I, ENRl 
(') ~H512 478e ACONI, ACON 
0 e!5l3 4'70 BNI, BN 
21 5!514 "'2 BOI, eo 
21 5!51!5 21212121 ITMl'l, f1J 

21 !5!51e 1212100 0 
21 !5517 !5717 BKTe~, KTBB 

0 55221 021021 MKR1., ~ ITHESE THREE DOUBLE ~RfCISI~N I t~TEGERS 
0 !5!521 0000 21 IMUST BE STOREO SEQUENTIALLv 
21 5522 21121021 MKR~!, fa 
21 5523 2102121 0 
m eel4 210021 MK R ~~, 0 
0 S!525 210210 0} 

0 e!52e 2121021 ENR 2, , 0 
0 5521 0000 0 
21 e;530 2112100 21 
121 5531 011J00 21 
0 ~HJ32 00210 0 
IZJ ~U'33 02100 121 

IElO84 
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ISTATUS DISPLAY LISTS 

IITEMS ARE DISPLAVED FROM RIGHT TO LEFT 
IBETWEEN CRL.F'S 

0 !5S34 1271 )(STS, MGCR+l IRIGHT MARKER 
0 5~:5~ 007~ 0075 IDASH 
0 ~S!e t2e7 MGCL+1 ILEFT ~ARKER 

0 !H'37 0057 00e7 ICRLF 
0 3~40 4662 BGNO+l IT~TAL BACKGROUND 
21 ~e41 0077 0077 ISLASH 
0 3542 4e~4 NTOT+1 INET TOTAL ON MARKER I ~'TF~VAL 
21 f5!543 0QJS7 210~7 ICRLF 
21 r5!544 Aee1 PADD+1 IPEAK ENERGY 
2) !5!54!5 7760 7750 ITE~~INATOR 

2t f5!546 2101 XCL..I<, CLOCK1+1 ITIME REMA.ININf'; 
2) f5!5A7 0071 0077 ISL.ASH 
0 !5~e0 22177 TIME+l ISET TIME 
2) !5~el 00e7 00e7 ICRLF 
121 !5!5!52 5316 OSMH ICOUNTS/SECOND 
0 !5!5!5~ 007' 0017 /SLASH 
B !5!5e4 5~14 TSMH ITOTAL COUNTS 
0 15!5!5!5 7,e21 77e0 ITERMINATOR 

0 5!5~e !5~47 XATN, ATNO+1 IATOt-1IC NUMBER 
QJ !5!5e7 007~ 007!5 IDASH 
0 !5!5e0 ~!53~ ENRt+e IFIRST ENERGV 
0 5!5!1 2107!5 C')01S IDASH 
fa !5!5l52 5!531 ENR1+3 ISECOND ENERGY 
fa !5!563 0057 00!57 ICRL..F 
fJ !5!564 !5!527 ENR1+1 ITHI~O ENERGY 
21 !5!56!5 77150 7760 ITERMINATOR 

lMESSAGE STRINGS 

21 15!56e 007!5 spes, 007!5 

0 !5Se7 00e~ L.IMS, 00e3 I SET 
0 !5e70 .. ~e4 Aee4 
0 !5~71 001e Qt07~ 

m !5f572 6ael PRMM, e2~1 IRINT 
0 !5!73 f5ee .. !5ef54 
21 !5~74 007e 007!5 

0 f5t51e 7'" HONG, 7777 
e ee7e 5158 !51ee IINTERVAL START STOP 
m se77 64"!5 6 .. 45 
m !5800 82t58 e2ee 
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L'J 51501 4154 41~4 

0 eee2 00210 t21f}J~t'I 

0 rsee3 012163 0063 
121 ~e04 f5441 l5441 
121 5eel!5 e264 e264 
0 eSP.l6 121000 ~000 
2' ~H5et1 0000 0000 

" 581121 e354 e3t54 
21 eel1 ~'60 51t50 
121 ee12 7~7e 1!51~ 

0 ee13 00210 SHOG" 0000 I BI<GNO NET PFAI< 
0 ee14 011542 0042 
2' !581~ 53.41 5341 
21 e81e ~H544 5e44 
21 ee17 0000 91210121 
21 e820 0000 121(?) 1210 
fa ee21 00ee 00ee 
0 e822 A~e4 4~H;4 

III 5823 0121021 00021 
0 ~e24 2112100 00A0 
fJ !5,f525 ~H! 45 6045 
21 e:e2f5 4153 4153 
0 5827 7775 C~L.pr , '7'5 

0 5e~0 eeAe ENCF~, !5e4!5 INERGY CALIBRATE,CRLF 
121 ~;e31 e247 8241 IPCl-ll 
0 ~f532 7100 7100 
121 ~833 4341 4341 
0 5834 e451 5451 
0 5835 42e2 4262 
0 ee38 41e4 41e4 
0 ef531 4511 4571 
2) e;e40 e04:5 elZl43 
2) ete41 e021 !5l'121 
0 ee42 '5,e 7e7!5 

2' ~e43 0000 EM 1" 0000 I El 
21 ee44 21000 0000 
0 ~e4!5 4521 4521 
0 eeAf5 '575 751~ 

0 eSA' 77e0 PM 1" "150 ICRLF,PCH2 
0 ee!5QJ 43521 43~t7J 

iI ee5t 227e 2275 

21 ee!52 02100 EM2" 2101210 I !2 
121 See! 0000 121000 
e eee4 4~22 4522 
e ee!5l5 1S1e 7e75 
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12) ~e~e 7741 OUTt, 7741 ICRLF,A-
0 !5ee7 357' 3~7!5 

21 ~ee0 "'04~ OUT2, 00t115 I EV/CH,CRLF 
0 eeel eS17 ee17 IB-
e eee2 43518 43ei0 
0 !5ee3 7742 7742 
0 5864 3S7' 3575 

21 eeee 004! OUT3, ~!'J4!5 I EV 
0 !5eee ee7S ee75 

0 f5867 '1ee GLMP, 5155 IINTERVAL N!'J. 
0 15870 644' e44!5 
0 15571 e26e !2ee 
0 l5e72 4154 41!54 

" !5e73 005e 005e 
0 15e74 5775 !577~ 

0 ,,87S !1e3 OMES, 51e3 lIS 
0 1587S 6054 e0!54 IPL 
18 eS77 4171 4171 IAV 
0 157210 QJ07e 007!5 I • 

0 157211 0041 ATNM, t'lPJ41 I A 
0 15702 e457 e4e7 ITO 
0 15703 eS!51 sse1 1M! 
0 157214 4300 4300 Ie 
flI 157215 e8e7 see7 INO 
0 15708 187' 1875 I.-

~ 15707 00ee SPCM, 005~ IMAXIMUM COUNTS 
0 15710 4170 4170 
0 15711 !51!5! 51!55 
0 15712 8Se!5 e !5!H5 
PJ !5713 004! 0043 
0 15714 '7 tH' S7t5!5 
21 !571e ,se4 see4 
flJ 371e e37e e375 

IE1AS4 
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IK .. LINE TABL.E 

IATO~1IC NO.-ENERGY CEV) 

0 e117 0000 KTes, "'9100 I 1 PI 
0 S720 02100 0000 / 1 0 
0 !5121 0000 "'000 / 1 PI 
0 S122 21000 000A / 1 0 
0 5723 00210 0000 I 2 '" 21 !S724 00A0 0000 1 2 ~ 
0 ~72~ 0000 0000 I 2 PJ 
0 !5728 0000 00210 / 2 0 
21 !5727 012184 0064 I :3 54 
21 15730 00210 21000 / 3 54 

" 5731 0000 00210 / :5 0 
0 !5132 01800 00l'JQJ / ~ 

'" QJ 15733 01ee 01ee I 4 109 
0 !5734t 0QJ00 000QJ 1 4 109 
m e1~e 21021121 00013 I 4 0 

'" !573e 0000 00'H~ I 4 (!lI 

0 !S731 027" 027121 I 5 184 
fa S740 2100121 ""01210 / 5 184 
0 e741 0000 0000 I ~ 0 
0 !57-12 02102 0000 I 5 0 
0 5743 21421 t?l421 / 5 219 
21 15744 0000 0000 / e 27g 
0 57.! 0000 00210 I 6 PI 
0 5748 210021 001210 I e 0 
21 !S747 0811 !lU' 1 t I 7 393 
0 e1!521 212100 0000 I 7 393 
0 157 !51' 0000 0000 I , " 0 !57ei2 210210 02100 I , 0 
fJ !57t53 1014 1014 / e f524 
0 15754 00210 0000 I 8 524 
0 5155 00210 0Q100 1 e P,I 

0 !7!5e 0000 0000 I e 0 
0 e1e7 12'3 1243 I 9 615 
0 e7era 0000 00210 / 9 e7~ 
m e1!1 00210 0000 1 9 " 0 !S762 00021 0012121 I 9 0 
0 e,eJ le21 1!S21 11'" 849 
0 15184 00021 0000 110 849 
III 578e 02100 000~ /10 

'" 0 e7ee 0000 0000 110 
'" 0 !5767 2021 2021 /11 1~41 

0 !57'0 02100 0000 111 1041 
0 !57'1 0000 0000 111 0 
III e7'2 0021121 000C'J /11 ~ 

m !57'3 2~.' 2347 112 1255 
e e774 0000 121000 112 125!5 
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21 ~77~ 0000 ~0~0 11~ (?I 

0 15776 2'0210 1?10e0 112 (iI 

'" 
577' 2711 2717 113 14B' 

0 150210 0000 01000 It~ 1487 
0 800,1 0000 0000 113 0 
IZJ el2J02 12100121 0001d 113 0 
21 5003 :3313 3313 114 1739 
0 8004 0000 0000 114 1739 
0 e00~ 34Se 34,e 114 1838 
0 el2J~e 0000 00210 114 1838 
0 el2l07 3735 3738 11e 2~14 
0 em1121 212100 0000 lie ~014 
0 e01l 413e 41:55 lie ~142 
0 el2l12 012100 001210 11ts 2142 
0 e013 4412'3 4403 lie 2307 
III 8014 0000 l?I000 lie 2307 
2) 82115 4e44 41544 11e 2458 

" leel e 121000 02100 Ite 2468 
121 ie017 S076 ~07e 117 2522 
121 e2l221 00021 212100 11' 2e22 
0 82121 e401 541211 117 2817 
0 15022 0121210 000121 111 2817 
0 812123 51515 5el~ 11B 295' 
21 18m24 00210 0QH~0 11B 2SH5' 
0 1502e e167 ele7 118 :'5191 
0 8028 002121 "'0001 Its 31g1 
0 8021 63621 15:560 Itg 3312 
21 e2l30 00210 000~ Itg 3312 
0 15031 70215 100~ 11P 35'19 
12) 15032 00210 0000 119 3589 
0 lem:!3 7152 '1~2 120 3eg~ 

0 1!5034 0000 00~0 I 2 I?' 3e90 
0 15QJ~5 7ee4 '854 122' 4012 
0 em3! 00210 0000 12e 4012 
21 1503' 7'70 777", 121 4088 
0 e0A0 00210 0000 121 4088 
0 15041 05e:s 05eJ /21 44~9 
0 8042 00"1 0001 121 4459 
0 15043 08:54 08;'4 122 4~08 
21 e044 0001 0001 122 4~0e 
0 e04e tee3 1503 /22 4931 
m 521.15 02101 0001 122 4931 
121 e041 leae lS2~ 12:5 4949 
0 801521 0001 0001 123 4949 
21 ee!51 24e3 24eJ 123 !5421 
0 15e!5a 00211 0001 123 542' 
m el!:! 2443 2443 124 ~411 
0 150!54 0001 0001 124 ~411 
0 152HH5 34'3 34'3 124 '947 
QJ 8ees 02101 0001 124 5941 
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it f50e7 3407 3401 12~ ~a95 
it e0e0 0001 ('1001 12e ~895 
21 50151 4e!4 45~4 125 BA92 
21 50e2 0001 0001 12~ 6492 
21 6063 440121 4400 12~ e400 
0 f50t54 12101211 021211 12e 640'" 
I2J eee~ 5623 5e23 1'-.5 7!7.1~9 
0 6!2J68 0001 0001 12e 7~59 
I2J 80e7 S4le 541S 127 6925 
I 6070 02101 121001 127 e925 
it e011 e741 e741 127 7649 
I2J 5072 121001 0001 127 7f549 
fa 15073 15480 154150 128 7472 
21 e074 00'01 0001 128 7412 
0 e075 0111 9)111 128 8265 
21 8 1016 0002 02102 128 a2e~ 
0 6 i077 75S1 7e!51 129 8041 
0 15100 00211 0001 12; 8041 
it 81211 1313 1313 12g 8907 
0 511212 21002 0002 129 8907 
m e103 05e7 015157 13CJ! ae31 
21 5104 212102 0002 1321 se31 
0 e105 2544 2~44 130 9572 
12) e106 0002 0002 130 9572 
21 e107 21333 2033 131 g243 
m 5110 001212 121002 131 9243 
0 8111 4027 4Q127 131 102(53 
0 15112 L'J002 01302 131 10263 
fa 8113 3224 3224 132 g876 
e 5114 0002 0002 132 9876 
I?J 'l115 53521 !53e0 132 10984 
B 8116 02102 02102 132 10984 
m el17 4444 4444 133 1"'532 
m e1221 0fa02 00212 13:5 10532 
I2J e121 8721 6721 133 11729 
m 8122 00212 0002 133 11729 
121 e123 e712 5712 134 11210 
I2J 8124 00212 21002 134 11210 
m 512!5 121325 032~ 134 12e;12)1 
0 51215 0003 0003 134 12501 
0 e127 721213 7203 13~ 11g07 
0 8130 12112102 21002 13!5 11907 
m 8131 175m 17fS0 1315 13296 
21 8132 0003 0003 13e 132ge 
I) el:53 mea8 0e28 13e 12e30 
II el!4 001213 0003 13e 12630 
e 813S :545121 34(50 13e 14120 
I2J 5138 2112103 0003 13e 14120 
m e131 20" 2217' 137 1337~ 
21 e140 2112103 2121213 137 13375 
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" 6141 t5173 ~17J 137 14911 
0 61A2 ~0e13 et0~3 137 14911 
0 6143 34715 3475 138 14142 
0 6144 000~ 00~3 138 14142 

" 614~ 51el 6751 /38 1~849 
0 6146 0003 0003 138 1~84g 

0 814, ~12e ~125 /39 14933 
III el~0 0003 0003 139 14933 
0 61e1 PH5e2 0562 139 15754 
21 61!52 0004 0004 1:59 16754 
0 61!53 ee02 "H502 14~ 15746 
0 61154 0003 0003 140 13746 
0 esles 24212 2402 14P.! 17656 
fa 61~e 0004 0004 1421 11655 
0 61t57 0310 0310 /41 15584 
e 6150 0004 0004 141 le~e4 
0 61el 4275 4275 IAl lse21 
0 81152 0004 0004 141 18621 
0 81e3 2043 20.&13 142 17443 
0 61154 0004 00Pl4 14'2 17443 
0 61155 15227 6227 14'2 191507 
0 61t56 0004 0004 142 1ge07 
0 6167 3e27 3627 143 18327 
0 6170 00214 0004 143 1~327 
0 6171 01!51 01~1 14~ 20585 
0 t5172 00015 0005 143 20!585 
0 e173 154.3 5443 144 19235 
0 6174 021214 0004 /44 lQ23!5 
2) 617t5 2227 2227 144 21e!5~ 
0 81715 00015 0005 144 216!5~ 
21 6117 7307 73P!7 14!5 20157 
2) e200 021214 0004 1415 20157 
0 6201 43211 4301 14e 22721 
0 8202 000' 00015 14e 22721 
0 6203 1203 1203 14e 21123 
0 6204 000S 000e 146 21123 
I2t 820!S e410 e410 14e 23816 
0 e212t8 00215 000~ 14e 23S1e 
0 e5207 ~1;S0 3130 141 22104 
21 e210 000S l'J00~ /41 22104 
0 6211 0eee 0eee 147 2.942 
0 6212 0008 0006 147 24942 
0 6213 el~H5 S10' 148 23109 
0 6214 000~ 01iJ0~ 148 23109 
0 621~ 27ee 21fH5 14A 2e093 
0 62115 0008 000e 148 2e09J 
0 8211 7113 1113 14P 2413g 
0 8220 000!5 000~ 149 24139 
21 6221 !5212 !5212 149 27274 
0 e222 12!021e 130015 14') ~'214 
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0 et223 12ee 126e I~~ 2527Ci1 
0 e224 0008 ~00e 1~0 25270 

" e225 1e03 1!50J 1~0 28483 

" 6226 000e 000e 15'" 284S3 

IE~47t5 
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IK-LINE TABLE CONTINUED 

0 5221 3363 33eS 1~1 2eJ~7 
21 62321 0006 000e 1~1 2e3~7 

21 6231 2033 2033 1~1 29723 
121 e232 t?'00' ~r;,L'l1 151 29723 
21 e233 ~!11 e517 1~2 ~74'1 
0 15234 0t2J0tS 000e 1~2 27471 
121 15235 4421 4421 15'- 30SH~:3 
121 l5238 00211 0007 152 3:?!993 

" 15231 "02 7702 I~~ 2eBl~ 
0 15240 02106 0005 1~3 28f51~ 
121 e241 '044 7044 1!5:5 32292 
21 15242 121007 00~1 leJ 32292 
121 15243 2152 21'2 154 29802 
0 15244 012107 00211 1!54 29802 

" 15245 1554 1 ~H54 154 33e44 
21 15248 fl!010 0010 1~4 33e44 
0 15247 4312 4312 l!5e 30910 
0 152!50 012107 01?J01 155 30970 
0 G2el 42e0 4250 15e 34984 
121 62152 12!12I1121 001121 1!5~ 34984 

'" 
f52!53 6e11 ee11 lee 32191 

0 t52~4 210211 00217 I~~ 32191 
0 f52!55 ,o30 7030 1515 ~e37e 

21 62156 12112110 t?1!310 156 :5e376 
21 e2l51 124121 12421 1'J7 3~440 

0 t52el2l "'12110 001121 I'!J' 33440 
21 62e1 Ie., 1647 1'!J7 37799 
21 62e2 02111 0011 I'J' 37'99 
21 e2~3 363S 3e3!5 I~e 34117 
0 e2t54 0010 "'210 I~e 34717 
0 e26~ 4~27 4e27 I~a 39255 
0 e2ee 0011 0011 1!58 39255 
I2J 62e7 t52e7 e2e' I!5Q 36"23 
21 f5270 0010 0010 1!59 3e023 
0 62'1 74e2 7452 159 40746 
0 e272 0011 0011 1~9 4074e 
0 6273 07S' 0757 lee'! 37359 
0 621' 02111 CJ!011 let'! 37359 
21 e2'~ 243! 243!5 15~ 422e9 
0 627S 0012 0012 16'2 42269 
0 627' 3371 3371 I~t 3se49 
21 6300 0011 "'011 le1 38549 
0 63211 esel ee~l let 4394~ 
21 6302 0012 0012 lel 43945 
0 6303 5214 15274 162 40124 
0 8304 0011 21011 Ie';. 421124 
it 8305 0e:5121 05:50 162 454(;')0 
0 e306 0013 0013 1152 45400 
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21 eI:5e7 1071 1t't71 153 A152~ 
21 ei310 0012 ~012 le:3 41529 
0 5311 3et;~ J~HS3 1'53 47027 
0 6~12 0013 CJl013 15:5 47027 
0 6313 3747 3747 leA 42983 
121 6314 0012 0012 I'SA 4~983 
0 e315 711e 7115 1f54 48718 

'" 
ei316 0013 ~013 154 49718 

" el317 eestS e65e 155 4447" 
0 e320 0012 0012 le~ 44410 
121 15321 2327 2321 le5 50391 
121 6322 0~14 0014 16~ 50391 
121 el323 11541 1841 1('56 4!5gS5 
0 6324 121013 0013 15~ 4~985 

121 e325 5122 5'~2 IfH5 521'8 
121 El32e 0014 ~014 155 52178 
121 fl327 4~H50 4ee0 1t;7 47528 
0 6330 f21{d13 01?1t3 le7 47528 
0 6331 12ee 1255 le7 53934 
21 e332 001~ 001~ le7 ~3934 
r2I e333 7'13 7713 lea 4909g 

" e3~4 21013 0013 lea 49099 
21 e335 41512 4612 le~ 5~e90 
0 e336 001~ 0015 lee S~69~ 
121 e337 30e2 30~2 1159 5073e 

" e340 012114 1?1014 1159 5073~ 
21 e341 12135121 0350 le9 57576 
0 8342 0016 00U5 leg 57575 
121 e343 e210 (521121 170 !5236~ 
121 e344 0014 012114 I'''' ~23BQI 
0 634~ ~730 3730 17~ 5g~52 

0 6346 001e5 001e 170 !59352 
0 63-17 14~7 1457 171 ~4053 
0 B3~0 001t'5 02115 171 54063 
0 63151 7S42 7~42 171 512S2 
0 63S2 001e 0015 171 61282 

'" 
6353 471!5 4715 172 ~e7!57 

" 63t54 0015 0015 172 !5!5757 
0 63tH5 3351 33~1 112 eJ20g 
121 6356 0017 0~17 172 63209 
21 63~1 02t)4 0254 173 !57S24 
0 6360 21015 1?1016 1'3 ~7524 

'" 
63e1 7272 1272 1'3 B5211?' 

21 6352 0017 0017 173 65210 
I! e53e3 3ese 3656 174 59310 
0 63e4 001e 001e 174 5Q310 
21 63se 3241 3241 1'4 57233 

'" 
BJee 01020 0020 174 67233 

0 53!7 7313 7313 17'!> 51131 
0 5370 121016 0015 175 51131 
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21 5371 72152 7262 175 ~9298 

121 5372 0020 "'020 I'~ 5929B 
0 15373 3017 :3017 175 52991 
IZI ~37A 0017 t?l011 175 52;91 
0 e~7~ 33~4 33~4 176 71404 
121 6376 0021 0021 17~ 714l7J4 
121 15377 65ee f55t5e 177 ~4885 

'" 
64e0 02117 0017 177 154866 

121 841211 7el~ 7515 177 7~S49 

121 e402 0021 0021 117 73549 

" e4e3 2404 24~4 118 eeS20 
It} e404 0020 ~020 178 65820 
0 e405 3730 3730 178 75736 
121 54ee 0022 ~022 178 7~73e 
121 e407 e272 B212 11P (;8794 
21 15'10 0020 rl!020 179 68794 
0 15411 121220 0220 179 77gee 
0 6412 002:! 01323 119 "geS 
21 6413 224!5 22'5 1821 7"'821 
0 e41. 121021 121021 18'/. 70821 
121 e415 .e02 .802 180 802~e 
21 B416 0023 0023 180 El02!58 
0 e4t7 e2~' f52J4 181 12860 
121 6420 012121 21021 181 72ee~ 

0 6421 117e 1115 181 82538 
121 e422 0024 121024 lel 82!5S8 
121 5423 231~ 231!5 182 '4957 
III 6424 121022 01i122 182 74957 
121 e42!5 e672 ee72 182 84922 
0 6428 121024 121024 182 84922 
121 e427 6451 e4~1 183 77097 
0 64~0 02122 0022 183 '7097 
21 6431 2447 244' 183 81:535 
it 6432 02125 0212!5 183 8133!5 
21 154~! 2100 27021 18' 79296 
21 154~4 21023 0023 1804 79296 
21 643e 1321 7321 184 SQ809 
0 64315 0025 002~ 184 89809 
21 e4:57 'lee 'le5 IBe e1~25 
21 e44121 21023 121023 18~ 81ei25 
21 eA41 .2:57 4237 185 92319 
121 ~e442 02126 02126 le~ 92319 
0 e443 3~3e 33391 lee 8380121 
0 '15444 0024 121024 Ise 83800 
21 1544e 123e 123!5 IB6 94877 
21 64415 0027 0021 18e 94877 
21 64.7 0147 01'7 187 se119 
121 64e21 0e2e 002S 18' se119 
21 154el e313 e313 187 Q7483 
21 64e2 0027 02127 IS7 97483 
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III 64!53 41545 4e4~ I'3Q 88485 
21 e4!54 0025 Ql025 188 613485 
21 64e5 3430 3450.1 18~ 100136 
I2J ~45e 0030 "'030 18e 10~135 
III e457 1416 1416 189 90894 
It! 64e0 002e 0026 189 9089.1 
21 e461 051e 0e7e lag 1~2845 
21 e4t52 12!031 00:31 lag 102846 
0 64e3 e22e 15226 19V! 93334 
IZI 6464 21026 Ql025 190 93334 
2J e4tHs 611QJ e170 190 1~!5592 
I2J 6466 0031 0031 19'1 It'!5592 
0 5467 3153 3153 191 9~851 
f2t e4'" 0027 21027 IQl 95851 
0 64'1 3~721 3570 191 108408 
12) 6472 02132 0032 191 108408 
0 e473 0174 t'l114 192 98428 

'" 
el474 0030 12'030 Ig2 98428 

0 8475 1271 1211 192 111289 
121 6476 0033 "033 192 111289 
III 6477 521f5 5215 193 101005 
0 e5021 r.030 0030 193 101005 
0 ee01 7005 7005 193 1141S1 
21 e!502 02133 0033 Ig3 114181 
0 ee03 234S 234~ 194 103tH53 
0 e!504 0031 0031 194 103653 

" e!50!5 4832 4e32 Ig4 11'146 
0 e!506 0034 02134 Ig4 117146 
0 e51217 7557 75!57 195 106351 
Q.I el510 00Jl 0031 195 1"'15351 
121 6~11 2543 2~43 Ig~ 1221163 
m eS12 003S 2112135 ,g!5 1221163 
0 ee13 e052 5052 195 le'90ge 
0 eS14 0032 0032 Ige 109098 
0 elSie 0543 0543 1ge 123235 
0 e!518 003e 2103e Ige 123235 
0 eel7 2430 2430 197 111895 

" eS20 012133 0033 191 111896 

" 6521 151532 ee32 197 125:5e2 

" ea522 003e 0036 Ig., t2e362 

" 6523 121071 0011 198 114745 

" 8524 0034 0034 198 114745 
21 e!52t5 !5010 S010 Ig8 129544 
0 ee26 0037 0037 198 129544 
0 e521 S516 !561e Igg 117B46 
0 eS:50 0034 0034 199 l11e4e 
0 ee:51 32se 3255 Igg 132'81 
0 e532 0040 212140 199 132181 
fa e!533 3428 3425 110121 12OJ!59S 
fa e534 003!5 012135 1100 120598 
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21 t5!5~!5 1513 
21 f5~~6 0041 

1100 13e015 
11~0 13e075 
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II.-LINE TABLE 

IATOMIC NO. -E:NERGY CEV) 

21 e~37 00021 LTBt'. 00100 I 1 
0 e~40 00'2121 "'000 I 1 
0 EH5A 1 0000 000121 I 1 
0 6~42 0000 0000 I 1 
12) e543 P.!000 0000 I 1 
21 en5A 4 00021 ~000 I 1 
21 eeJA!5 ('1000 0000 I 2 
0 ee.s16 21000 00)(')0 I 2 
21 tHSA' 001?10 21000 I 2 
21 e!5!50 "'0021 0000 I 2 
21 eSr51 00021 0000 I 2 
21 e~e2 "'02'21 01000 I 2 
0 6!5e3 021210 000A I 3 
0 e!5~4 "'000 21000 I 3 

" e~HH5 2102121 1?'000 I :3 
21 65ee 002121 Qlet00 I 3 
0 6SeJ7 021021 0000 I :" 
0 6se0 00021 0000 I 3 
21 e!5el 2121021 0000 I A 
0 eee2 ·0012121 0210121 I A 
21 5!563 0211210 0000 I 4 
21 e5554 00021 0000 I 4 
IZI ese!5 0000 t'l0Ql0 I 4 
21 8!5ee 002121 00210 I A 

" e5e7 0000 00P)0 I e 

'" 
6570 12101210 0000 I e 

21 6571 0000 021010 I e 
IZI tH572 002121 001?l0 I t5 
21 6!573 0000 0000 I ~ 
IZI 81574 00021 ~000 I !5 
21 fH575 0000 21012'0 I e 
0 6578 2102121 0000 I e 
0 6577 0012121 0000 I e 
21 eS00 0000 0000 I e 
0 6801 002121 0000 I e 

'" 
e8212 0000 02100 I e 

0 680:5 00021 0000 I , 
0 6e04 02100 02100 I , 
12) sees 0000 0121£.'10 I 7 
0 ee2ltJ 00210 ~000 I , 
I) 6e07 00021 0000 I , 
0 6el21 002121 0000 I 1 
0 eel1 0000 210210 I e 
0 oe12 00210 CJH1J 121 QJ I e 
" eel:! 002121 01300 I 8 
21 6e14 00021 00"'0 I 8 
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" eel~ 01(""0 00~0 I 8 
12) eelS 0000 0000 I e 
121 ee17 0000 0QJ~H~ I 9 
121 68eQJ 0211210 21000 I 9 
0 6821 00021 000'" I 9 
21 6e22 0000 0000 I 9 
0 eS23 ~01210 0000 I 9 
21 ee24 "'0021 000121 I 9 
0 ee2~ 00,1210 0000 110 
0 lH52t5 001210 00('1121 110 
0 e827 21012121 1211210121 11~ 
0 ee30 121211210 00Q'0 110 
0 ee~l 001210 00210 110 
0 6632 000121 0000 11~ 
0 68~J 012100 0000 111 
0 6834 0000 000121 111 
0 ee~~ 121000 000121 111 
121 6e3e 21000 0~012t 111 
0 6e37 12112100 001210 111 
QJ eeAQI 001210 0OJl'JOJ 111 
0 eeAl 121000 121 o ()I 0 112 
21 ee42 001210 0000 112 
121 ~e.3 00021 2112100 112 
121 8e'4 000121 001210 112 
0 e8AS 01210121 000121 112 
0 e8.e 12101210 00210 112 
0 8;847 12112100 21021121 113 
121 eetUJ 001210 00121121 113 
0 eeel 00021 121000 113 
21 csee2 0121210 00121121 It3 
0 ef5!53 0000 0000 11:5 

" eeS4 000121 0L'J00 11~ 
0 esse 21000 00"'~ 114 
121 eeee 21000 2109.10 11~ 
0 ee!57 00021 012100 114 
0 see0 00021 012100 114 
0 ee~l 00018 0000 114 

" eee2 21000 21000 114 
21 StU53 000121 121000 11e 
QJ see4 0000 000~ 11e 
0 eeee 01212121 00021 1115 
0 essee 0000 000121 11e 
121 S867 121000 012100 1115 
21 6870 0QJ00 0012)121 11e 
QJ se11 0000 002101 11~ 
0 6e72 02100 000121 11e 
0 8873 00210 000121 lie 
0 es874 0000 0012JQJ 11e 
0 8e1e 000121 00210 11e 
0 8e18 0000 1211210121 11e 
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0 t,5677 Q.l0Q\0 0000 111 

" 6700 00~0 "0100 111 
0 e1C'l1 0000 0(210'" 117 
21 e102 0000 0000 117 
21 e703 0000 e000 117 
21 e704 002121 0li.'0Q1 117 
0 e705 02100 0QJ00 11P 
0 e105 00~0 00"'0 118 
0 e107 0000 0000 11! 
0 e710 00210 0""00 118 
0 e711 0000 0000 115 
21 e112 021210 0000 11B 
0 e713 002121 ~000 119 
0 e114 00021 00P.10 119 
21 e115 0000 02100 11g 
0 e71tJ 0000 0000 119 
21 e,717 00021 21000 119 
21 e120 21000 02100 119 
0 6121 052!5 0S25 120 :541 
0 ei722 02100 00021 120 341 
0 e723 05321 0e~0 120 344 
21 6724 02100 0000 120 344 
21 e725 21000 0000 120 340 
121 e72e 0000 00210 120 3421 
0 6727 21e13 0813 121 395 
21 67321 21000 0000 121 ~;e 

0 e131 0817 0e17 121 3g9 
21 8132 00210 00021 121 399 
0 81:53 2121210 0000 121 390 
21 el734 210021 00021 121 3g0 
21 61~5 211214 01214 /22 4f52 
21 el73f5 00021 00210 122 4e2 
0 e737 0712 0112 /22 4~8 
0 87.0 0000 21000 122 4~e 
21 8741 021021 0ra0~ 122 4~0 
0 e742 0000 0000 122 4!5~ 
0 e743 077(5 017e 12~ e10 
21 e744 002121 000121 12~ ~10 
21 51.5 1007 1001 123 519 
21 e74e 002121 210001 12~ 51; 
21 e747 2121021 00210 /2:! 510 

" 81!50 00210 0000 123 510 
21 el751 107~ 1073 124 571 
m el7!52 00"'21 0020 124 571 
21 87e3 11215 1105 /24 581 
0 81!54 000121 0000 124 e81 
0 87rse 0000 00~0 124 580 
21 8758 002121 0000 124 580 
2) e7!51 1114 1174 125 t53f5 
0 e1f50 em00 0000 125 e::5t5 
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21 e761 1207 1207 125 647 
21 5762 Pl000 00V'~ 12~ e47 
0 e57e3 0000 0~0~ 12~ B40 
0 675,. 0000 Vl00l'1 12!5 el110 
1(1 576~ 13210 1300 126 71214.1 
0 67ee 0000 00001 12e 70JA 
21 6757 131~ 1315 12e 717 
21 6770 000121 f.?l0~0 12~ 717 
21 5771 00021 t21000 12~ 710 
21 f5772 21000 ('I0~0 12e 71Q\ 
21 ~5773 1407 1407 127 77~ 

21 6774 00era 00~0 121 71e 
0 f.577~ 1~2e 142e 127 790 
21 e77e "'21012' "''''00 127 790 
0 (5777 00210 21000 127 790 

'" 
?0em 021021 0~00 127 790 

0 7RH~ 1 1~21 1!521 128 849 

" 't'H~ 2 0000 000~ 128 849 
21 72103 1~42 1!542 128 Ree 
21 12104 ('10210 m000 12e set' 
0 1005 0000 21000 128 ee0 
21 100e 0000 21000 128 ee0 
0 7007 11540 lf540 129 ;28 
0 1010 2121210 0000 129 928 
m 1011 lse4 1 (lU54 129 948 
0 7012 002121 0000 12; 948 
0 1013 0000 0000 129 940 

" 1014 00P!0 00010 129 940 

lE20J7 
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IL-LINE TA"LE CONTINUED 

0 7015 1751 1161 13(J1 1.009 

" 701e 00001 0000 130 1009 
21 7017 2010 2010 130 12132 
2' 7020 21000 00~0 13t'J 1"'32 
0 72121 0000 00100 130 1030 
0 7022 012100 0P101i'1 130 103~ 

" 7023 2110 211L'l 131 1096 

" 7024 0000 0000 131 1095 
0 7025 2142 2142 131 1122 
0 702e 002121 0CH~~ 131 1122 
0 72127 00"0 0000 131 1120 
21 7030 0000 0000 131 1120 
0 72131 2242 2242 132 1186 
0 7032 00210 000P1 132 1185 

° 7033 2300 2300 132 1216 
0 72134 0121021 11\000 132 121e 
21 7035 21000 0000 132 1210 
0 703e Pl2I00 0000 132 1210 
0 7037 2402 2402 133 1282 
0 1040 02100 012100 133 1282 
0 70~1 244~ 20445 133 1317 
0 7042 0000 00130 133 131' 

" 7043 12'0021 0~00.1 133 1310 
0 7044 0000 00~0 /33 1310 
III 7045 2~A3 2!54J 134 13'; 
0 704e 121000 0000 134 1379 
0 '047 2e13 2e13 134 141g 
0 '0!50 212100 0000 134 1419 
2) 70eil 00021 "000 134 1410 
0 7t?H52 121000 0000 134 141P1 
0 70e3 2'10 2710 13~ 1480 
0 7054 21000 0000 135 1480 
21 70!5t5 27ee 2'5e 13e 1526 
0 705e 0000 0000 13~ 1!526 
0 '0~7 0000 00210 13~ 1e20 
21 70(50 02100 0000 135 1520 
0 10el 30t53 3053 136 1581 
0 ,'me2 0000 02100 136 lea, 
21 7063 31.e 314e 13ts 1638 
21 "0B4 00210 0000 13e 1638 
21 "(lies 0QH~2J 0000 13! 1630 

° 7'I2J6e 000121 0000 136 1,.,30 
0 7'0e7 32:se 323e 137 1!H~4 

21 "070 ~000 0000 137 1694 
0 7071 3330 3330 137 1752 
0 7072 0000 0t'100 137 1752 

" ,1013 021021 000~ 137 175'" 
0 7074 0000 121000 137 1750 
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0 7075 34115 :3416 138 1806 
0 707e 0000 Ql0~\11 13R 1806 
21 7077 3520 3520 138 1872 
(21 7100 00~0 0~t'lC'J 138 1872 
21 7101 0000 0002 138 181L'l 
0 71"'2 "'0~0 0~00 138 181L'1 

" 7103 :5e02 36Q12 139 1922 
0 71~4 0","'0 (,\~"'0 13g 1922 
0 710~ 4114 4114 139 2124 
0 710e 0000 21000 139 2124 
21 71217 00021 ~000 139 2120 
0 7110 2101210 0000.1 139 2120 
0 7111 3772 3"2 14e! 2~42 

0 7112 0000 0000 140 2~42 

21 7113 4114 4114 IAPI 2124 
0 7114 00021 "'0 0 t't 14~ 2124 

" 1115 4378 4J7e 140 2302 
121 7118 00021 0000 14Cl1 2302 
0 "117 41ee 41ee 141 21e6 
21 1120 0000 r!l000 141 2166 
0 7121 4321 4321 141 2257 

" 7122 00~0 0000 141 2257 
21 7123 4e35 4~36 141 2462 
0 7124 000121 21000 141 24e2 
21 7125 .365 43e5 142 2293 

" 1125 000121 00~0 142 2293 
21 7121 4533 4533 142 239~ 

0 7130 0000 02100 142 2:59~ 
IZI 7131 f50" 52177 142 2523 
121 7132 flI000 21000 142 2t)23 
I2J 1133 4~70 4!5'0 143 2424 
0 7l~4 0000 0000 143 2424 
0 11:!e 47'2 .. 752 143 2~38 
121 11:!8 0000 ~(JJ00 143 2538 
0 7137 53e0 ~350 143 2792 
0 7140 001210 0000 /43 2192 
0 7141 4'7S "'75 144 2~~8 
0 7142 0000 0000 144 2~~8 
0 7143 ~1'3 !51'3 144 2eS3 
fa 1144 0000 0000 144 2583 
121 ?14S 5e24 5e24 14~ 2964 
0 714e 00210 0000 14~ 2954 
0 714' 5210 '210 145 2fSge 
III 7lee 0000 0000 145 2t596 

" ?lel 5422 ~422 145 2834 
121 "1~2 0000 0000 145 2834 
0 71e3 ell0 6110 /45 3144 

" ?leA 00021 0~01?J 145 3144 
0 "15~ 542e 5426 14e 2838 
0 7156 0000 0000 145 2838 
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21 '157 !5e~e sese 145 29Qe' 
21 71e0 ('109'0 l'I0t'10 14B 2990 
0 '161 640121 6400 145 3325 
21 " 1 e2 2000 00VJ~ 146 3328 
0 'lti3 !56~0 5650 111,7 2984 
0 7164 210"'121 01?100 147 29842 
21 71t)5 6117 e117 147 3151 
121 716e 00021 00"'0 147 3151 
0 71e7 ee11 ee'7 147 3519 
0 7170 0000 17.10C'10 147 3519 
121 7171 era7S 607~ 148 3133 
21 "172 00Q10 0000 148 3133 
21 "173 5364 6364 148 3316 
0 "174 0000 "'000 148 3316 
21 "17!5 7204 721714 148 3715 
121 7' 17e P!000 0000 148 37t5 
21 7' 177 5327 e327 149 3287 
21 "2P10 0000 0000 149 3287 
0 7'201 ee:!7 5537 149 ~4a1 

" 7'2~2 1210021 00t'-10 149 3487 
121 ,'2"'3 7e20 7520 149 392e1 
121 72011, 00"'~ ~0P10 149 3920 
0 "22'5 see4 5~e4 1~0 3444 
21 7206 01210121 0000 le0 3444 
121 "2217 'lie 7115 I~H~ 3662 
0 121121 0121021 0000 130 3662 
121 "211 21043 121043 1!5P.1 4131 
121 7'212 1210211 012101 leV! 4131 
21 7'213 '02e 7025 /51 351215 
21 7214 00e0 0000 let 3e0~ 

'" "215 '403 711,03 151 3843 
0 "21 e 0BG'l0 02100 151 384:3 
0 "217 0~73 0313 151 4341 
0 "220 02101 002'1 1~1 4341 
0 7'221 1271 72'1 1~2 J1eg 
0 7222 0000 0000 152 3769 
0 1223 7e7~ 7e75 152 4029 
0 7224 "000 0000 1~2 4029 
0 7225 21132 21732 1~2 4570 
0 '1228 0001 0001 152 4e70 

IE2e11 
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II.-I.INE TABL.E CONTINUED 

0 "2~' 7341 1541 1~3 3g37 
0 72:50 0000 C'l0"0 153 3937 
0 72;'1 0174 0174 153 422~ 

0 '232 0001 Pl001 le3 4220 
2' 123:5 130m 13"'0 I~~ 4800 
0 7234 0001 ~001 1!53 4800 
0 "2~S 0"117 0017 154 4111 
0 72~e 0001 21001 154 4111 
21 '237 0'21e 050! 154 4422 

" 72421 00211 l'I001 154 4422 
21 1241 leS4 1e54 1~4 5035 
2) 7242 0001 001211 154 5036 
21 '243 0276 t'l27e 15~ 4285 
0 "2~4 0001 0001 l~e; 42136 
0 1245 1014 12114 I~H5 4e20 
QJ 724e 210211 21001 1~!5 4t520 

" 7247 2240 224121 1!5~ 528'" 
2) 7250 02121 12!001 le~ !528~ 

21 7251 0~e:! 0!5e3 15e 44e7 
21 72e2 0001 0001 15~ 4457 
21 1253 13:54 1334 lee 482e 

" 72S4 210211 0001 I~e 4828 
0 '2~!5 2e~:5 2633 lee 5531 
21 "258 0001 "'001 I~e 5531 
0 "ie, 10e:5 1053 Ie, 4e51 
21 72ea 21001 0001 15' 4851 
0 72el lee;, 1663 I~' e043 
0 72e2 02101 0001 1!57 504:5 
0 1263 323e 3235 157 5789 
0 '2f;4 021211 0001 I'!J' !578g 
21 72e5 1:550 1350 1!58 4840 
0 72e8 121001 012101 IS8 48.10 
121 7267 2218 221e I~e 52e2 
QJ 1210 00211 0001 IS8 ~2e2 

III 7271 :!e4~ ~e44 1!58 e052 
0 1272 00211 00211 ISS erae2 
0 1273 1eea leS2 I~g ~0:54 

0 1274 0001 0001 159 e034 

" 1215 aeel 2eel IS; 548; 
0 1218 0001 0001 I!5P 5489 
QJ 72'17 42e2 42e2 1!59 6322 
QJ 730121 211301 21001 159 8322 
21 1301 21e8 215e le0 ~230 
0 73212 210211 0001 le~ 523'" 
0 7303 3132 3132 180 5722 
0 1304 0001 0001 le0 5722 
0 1305 4712 "712 180 e6212 
121 7308 0001 0001 le'l e602 
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2' 7307 24f57 24e17 lel 5431 
0 7310 Ql001 01?Hll 11151 !5431 

" "311 JS04 ~!504 151 5956 
0 '312 0001 Q!001 lf5t !595~ 
OJ 7313 5353 5353 161 eS91 

" "3 t 4 0001 00"'1 161 ~ag1 

0 7315 3004 30((14 1152 5635 
21 "31 e 0001 00~1 162 ~e36 
0 "317 4~1e 4t'17f5 152 520t5 
121 1320 21001 0001 1t52 620e 

" "321 fH?J 14 5014 152 7180 
0 7322 21001 0001 1t52 '180 

" "323 3328 332t5 leJ 5846 
0 "324 0001 00~1 1(53 se46 
0 "325 447121 44'0 1(53 e45~ 
I2J '326 00211 21001 le~ e456 
0 1321 64ee 154ee 1t53 74'8 
0 1330 "'001 0001 le3 747S 

" "331 3e~3 3eS3 154 152159 
0 "332 0001 0001 164 5059 
0 "333 5072 f5r2t72 154 5'14 
0 "334 0001 0~01 le4 15714 
21 "335 'le4 1154 164 77sa 
0 7336 021211 0001 1(54 7788 
121 '337 4203 4203 le~ 15275 
0 "340 0001 0001 lee e27~ 
21 7341 55213 S~03 le~ 159'9 
0 7342 0001 0001 le~ 597S! 
121 '343 1e50 7t5!50 1t55 8104 
0 '344 0rd01 0001 lee 8104 
21 7345 4e:S7 4537 lee t54ge 
0 734e 0001 0001 1~6 54ge 
0 '341 e121 8121 lee 7249 
III 73!iQ) 0001 012101 lee 7249 
0 73e1 0342 0342 le~ 8418 
0 73e2 0002 0002 lee e-41 a 

'" 
7353 5100 5100 le7 6720 

0 73!54 21001 012101 Ie, e?20 
2) 73!5S e5em e!5!50 le7 '~28 
0 73ee 0001 0001 167 1!528 
0 73!57 1054 1054 Ie? 8748 
a '3ea 0002 0002 le7 8748 
0 7361 !5ISA4 S4444 lee eg48 
0 73e2 00211 0001 lee eg48 
21 7383 7202 7202 lea 1810 
21 7364 0001 0001 lee 7810 
21 7365 1801 1801 lee 9Q!S9 
0 73ee 0002 "'12102 lea 90Sg 
0 7:S!7 e015 6~15 leg 7181 
0 737121 0001 00"'1 169 1181 
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0 7~71 7(5417 7'547 /fjq 8103 
0 7372 0001 000\1 le9 8103 
0 73'3 2~20 2320 1~9 9424 
0 7314 0002 00P!2 leg 94?4 
"-' 737t5 636e e3ee 17'1 1414 

" 7~76 001?1 0"'~1 I'''' 7414 
QI 737' 0321 21321 110 8.101 
0 74~0 0002 ?l0et2 17O 8401 
IZI 74Vo1 30e3 3063 170 9"9 
121 7402 0002 0002 170 97,g 
0 7403 6'48 e'4e 1'1 7e54 

" 7404 0001 0~'-"1 111 7654 
121 74e~ 1004 1004 171 8708 
IZI 7406 0002 0002 171 8708 
21 ,40' 3e36 3(53(5 1'1 10142 
0 1410 0002 000.2 171 10142 
121 ., 411 7332 7332 172 ,e9a 
121 1412 0001 012101 1'2 ,e9a 
0 741~ 147!5 14175 172 9021 
121 7414 0002 01002 172 9021 
121 7Ate 4422 4422 172 It?1514 
121 741e 0002 121002 1'2 10514 
21 741' '721 "21 1'3 814S 
0 7420 0001 0001 173 8145 
12) 7421 217e 2175 1''3 Q341 
121 7422 0002 q10f2'2 173 9341 
121 7423 5214 ~214 17~ 10892 
121 7424 02102 0Cl!02 173 10892 
0 7425 121314 0314 174 8396 
121 7426 00212 0V'02 1'41 8396 
21 7427 210e 270e 174 ge10 
121 743121 012102 00912 1'4 9610 
121 7431 612123 612123 I'A 11283 
0 7432 012102 0002 11A 11283 
0 7433 21713 ~713 17~ 8651 
0 7434 0002 001?2 11'!J ae51 
0 743~ 3430 ;'4~0 17'!J lQJ00S 
0 7436 00212 00(')2 17~ 100013 
0 7437 eeA4 6644 17'J 11e84 
0 7440 0002 0002 17'!J l1fSSA 
0 7441 1316 1316 176 8910 
0 744112 0002 0002 1'6 aglQ.\ 
0 7443 4162 4152 176 10354 
0 7444 02102 21002 1'(5 103~4 
0 74AS 14i'e 147e 176 12094 
0 7446 0002 0002 175 12~H~4 

21 7447 1725 1'2~ 117 917~ 
21 14e0 01302 0002 177 9113 
0 7451 4722 4722 1'7 10706 
0 14e2 0002 0002 117 10'06 
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1ft 7A1~3 0335 0335 /'7 12509 
~ 74~4 (1100J 00(,'13 /77 12509 
0 74~5 2341 2341 178 9441 
121 74ee 1f.10~2 ~002 178 9441 
21 74~' ~4'5 !54i'5 /78 11069 
0 ,4et'J 00C?12 Cl'002 /78 11069 
0 7461 1213 1213 17e 12939 
121 7462 e0213 12'003 178 12939 
121 74~3 27~7 27~7 /7; 9711 
0 7454 0002 0002 /7; 9711 
0 74~5 e2e7 62!57 /79 1143g 
21 7466 0002 001212 /19 11439 
0 74f57 21213 2103 179 13379 
21 7470 0003 00,103 179 13379 
0 7471 3403 3403 /8'" 9987 
21 7472 0002 121002 /8~ 9987 
21 7473 7057 7057 180 11823 
121 7474 21002 00102 18~ 11!23 
21 7475 31?104 3012!4 /BPI 13828 
0 747e 0003 0003 180 13828 
21 74"1' 4032 412132 IBl 10266 
III 752'0 0002 lit 0V' 2 181 10266 
21 7eet 7ee2 7ee2 181 1221~ 
0 75~2 121002 C?l0e2 181 12210 
0 7S03 3120 ~720 181 14288 
2) 1ee4 12112103 121003 /81 14288 
21 7505 446e 44«5'5 182 10549 
121 751218 0002 0~02 /82 10549 
0 7e07 0503 0503 182 12e11 
0 7510 121003 0003 /82 12el1 
2) 7ell 4ee2 4ee2 182 147e2 
0 ,el2 02103 0003 182 147e2 
0 "13 e124 e124 183 108JB 
0 1S14 0002 0002 183 1083B 
0 7S15 1335 133~ 18~ 13021 
0 1!516 0003 0003 183 1312121 
0 7e17 5514 5614 183 1!524.4 
0 7~20 012103 ""?J CI':3 /83 15244 

IE3381 
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lL-LINE TABLE CONTINUED 

0 7521 5~'0 557'" IBA 11128 

" 7522 0002 0002 IB4 11128 
121 7~23 22211 2201 184 13441 
0 7524 00Ql3 00~3 /84 13441 
0 7525 6574 ~~74 184 1~740 

" 7526 00"3 0003 184 1574'" 
21 '1527 e240 e24~ /85 11424 
0 75~0 0002 01002 IBe 11424 
0 '5~1 3061 30151 185 1~8'3 

" 7e32 00213 Pl00J 18~ 1~873 
21 7533 7570 7570 18!5 115248 

" 7534 00213 00013 185 le24S 
0 '5~~ e'14 6714 lee 11724 

" '~3e 02102 ~002 195 11'24 

" 7S37 3,e4 37'4 lee 14316 

" 7540 0003 0003 Ise 14316 
0 7e41 0e00 0e00 185 1e,sa 
0 7542 00214 0004 186 le7ea 
0 7543 7375 '375 187 12029 
21 7544 0002 0002 /87 12029 

" 7!54~ 4662 4662 187 14770 
0 754e 0003 21003 187 14710 
121 7547 1825 152!5 187 1'301 
21 7550 00214 0004 IS7 17301 

" 7551 02162 0082 188 12338 
21 7!S52 00213 0003 ISB 12338 

" 7e53 55e7 e~67 las 1~223 
21 7ee4 0003 0003 188 15223 
0 7555 2eee 2865 188 17845 
121 7eee 0004 0004 IBS 1784e 
2) 1~!57 0eS2 0SS2 IS9 12e~1?l 
21 1e50 21003 012103 IS9 126~0 
21 7eBl eSA0 6540 189 15712 
0 15e2 00121:5 2112103 189 15712 

" 1ee3 3175 3175 189 1804~ 
2) 7564 21004 00104 IS9 1804!5 
0 ,eee 124e 1248 190 1296~ 

" 1eee 02103 121003 190 12gee 
21 7et57 '!!I10 7510 19P le20'" 
0 7~70 012103 0121"'3 190 1e200 
121 7e11 S041 e041 Ig~ 18977 
0 7e72 12'12104 0004 Ig0 18977 
0 75'3 1753 11e3 191 13291 
21 7'S74 21121213 01211213 191 13291 
121 757e 0474 0474 191 1e700 

" 7S76 012104 1210214 191 1e700 

" 7577 6147 (514' 191 195!59 
0 76210 02104 0004 191 19559 
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0 7601 245~ 24~5 192 13e13 
0 7e~2 V'l0~3 0003 19';' 13513 
0 76P'3 1~02 1502 I';~ 17218 

" 7e~4 00~4 f'I!ltQ)4 192 172t8 
0 7e~5 '303 73C'!3 192 20163 
121 7606 Ql0f4 00P1c1 192 20163 
0 76'lJ7 3171 3171 193 1394~ 
0 7610 0003 0003 Ig~ 13945 
0 7611 2S14 2514 Ig~ 1774e 

" 7e12 21004 0004 193 1774t?1 
0 7613 0446 flI44e 193 20774 
0 7e14 000~ 0005 193 221714 
21 161~ 3707 3707 194 14279 

" 7e16 0003 00~3 Igll 14279 
t'I ,.e17 3e46 3546 191A 18278 
121 7820 00214 0004 194 18278 
0 7e21 lt531 1631 194 21401 
0 7622 000!5 000e 194 21401 
0 7623 4432 4432 195 14618 
21 7624 0003 0003 1ge 14Ble 
21 7e25 4815 4el~ 19!; 18829 
121 7e2e 0004 0Q104 1ge 18S29 
21 7e27 3032 3032 Ig~ 22042 

'" 
7630 ~00' 0005 19~ 22042 

" 7eJ1 !51el 51et 1ge 14961 
0 7632 02103 0003 19ti 14961 
21 7e33 5701 5701 1ge 19393 
21 7634 212104 0004 196 19393 
0 ,e3~ 42S3 42!53 19t3 22699 
121 7538 0210' 000e 196 22e9g 
21 ,e~, e11~ !5715 197 1~309 
III "640 0003 0003 197 1~30g 

0 "841 7003 10C'13 197 199'1 
21 ,'e42 0004 0004 . 191 19971 
21 "543 ee12 ee12 197 2337~ 
121 7544 1Z10"~ 000~ ,97 2331~ 

" ,'eA! 64!5!5 e4se Ige 15551 
0 ,'e4e 000~ 0003 198 15eel 
21 1547 21122 21122 198 20~e2 
III 751521 000e 000~ 198 20552 
III 7eel 6770 e110 198 24036 
III 75152 000S 000e 198 24055 
0 78153 7222 1222 199 le01e 
0 78154 0003 0003 199 1e01A 
III 78!5!5 1215e 1255 199 211ee 
121 7eee 000S 00r21~ 199 211ee 
21 18157 026e 12126e 199 24'5S 
III "sera 00GH5 0008 199 247ee 
0 "eel 7173 1713 1100 le379 
III 7ee2 0003 0003 1100 le37g 
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" 7B~3 24:31 2431 11Q1~ 21785 
III 1664 000e 0005 1100 217~5 

" 76e5 1603 1(1)03 1100 2~475 

12! 75fSB 0006 00tiH3 11~0 25475 

IEl8?3 

8-52 



SE 30~4 
AeON • 4766 
AeON I • 5512 
AQEXIT • 22161 
AQOFF • 2025 
AQOFFI • ~172 
AQOFI • 3312 
AGJR • 3061 
ATNM • 5701 
ATNO • e346 eo • 4772 
BDI • ~~14 
BGNO • 4661 
BKTB • 5517 
BLM," • 4354 
BLMTI • 42201 
BLTS • 5474 
BN • 4770 
BNI • S513 
C1021 • 4320 
C 101, • 4240 
Cl1~ • 5343 
CllA • !5~44 
Cll5 • 4384 
C140 • 4365 
C144 • 51f51 
CALC • 441" 
CDTFl • 5113 
COTRl • 5242 
CDTR2 • 5201 
CDTR4 • 5301 
CHARX • 2320 
CL.OCKI • 2100 
CNTR • 2230 
CNTRl • 5164 
CNTR2 • 5165 
CNTRJ • !54ee 
CNTR4 • 5501 
CNTRI • 432S 
CRLF • 5e27 
CTWL,D • .706 
C)(140 • 5110 
CX145 • 5:523 
DATP • 4546 
DeNT • 454~ 
DECODE • 0227 
DENR • e350 
DENR4 • 5411 
DENR5 • 5315 
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DENR6 • ~476 
DENR7 • '406 
I)LMI' • 5131 
I)LMPl • 5142 
DLMI'2 • 5147 
I)ME! • 561e 
DUB!NT • 2441 
ECMOF • 2106 
ECOF • 5011 
I::LMT • 4311 
EMl • 5643 
EM2 • 5652 
ENe!=' • 5630 
ENRl • 5eae 
ENR11 • sell 
ERR:t t • 534e 
ERROR • UNUSED 
I~RROR I • 4241 
ETL~ • 5151121 
FCHAR • OJ2·H5 
I:PN'f • 4~43 
GL.IM • 4321 
GL.IMl • 4!4~ 
GLIM2 • 4342 
GLII'14 • 4321 
GL,.MP • 5ee7 
GMK~ • 15423 
GMKI~1 • 5434 
liMKR2 • 5467 
GMKR9 • 543e 
GROIJPW • lee4 
(;ROUPZ • 0156 
(;se • 164121 
(;SCI • 470" 
I~DNG • 5e7S 
I-tORD • 2506 
I~PTI1 • 4650 
I-tPTL • 4647 
lofPTI .. I • 457f5 
IADD • 4400 
IDIV • 5400 
:tE)(T • 0000 
:[ I 1 • 1eee 
:[ 11 I • 4e44 
:[L.OD • 500121 
:[ M • 24~1 
I MU1 .. • 712100 
IN2 • 1e42 
:tN2000 • le44 
:[N21 • 4415 
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IN2Il • 4ee3 
INEC • 2140 
INEG • 6000 
I~OP • 7400 
lOUT • 3400 
IPSP • 42001 
IPSPl • 4242 
IPSP2 • 4232 
IRTRN • 2105 
ISTR • ~400 
laue • 4000 
lTMP • 4~e2 
ITMPl • ee15 
IWIO • 4651 
KTBB • ~717 
L.APR • 4eee 
L.OF • 2252 
L.OF41 • e3e~ 
LDLIST • 0e32 
L.IMS • ~ee7 
LL.MA • 4357 
LLMAl • 4224 
LMKR • !5152 
LMPP • 4~24 
LMPPl • 51521 
LMPR • 43es 
L.MPRI • 4204 
L.~TB • 4000 
LMTE • 4200 
L.HTP • 4423 
LORD • 2~05 
LOREAD • 02(54 
L.Tee • 8!537 
MGCC • 1525 
MGCCI • 9:542 
MGCCP • 1el~ 
MGCC!'I • e421 
MGCL • 12e6 
MGCL.I • 4350 
MGCLll • 5122 
MGt!.P • lel~ 
MGC!.!'I • '413 
MGCR • 1210 
MGCRI • 5125 
MGCRP • 1514 
MGCRPI • e416 
MKBP • 43151 
MKRl • 5520 
MKR11 • 541e 
MKR2 • 5!22 
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MKR3 • 5!524 
MPRR • 41A0 
MPRRl • 4174 
MPRR2 • 47!5e 
M5TO • e000 
NTO'T' • 4ee3 
OLVrEXT • 2074 
OSMI-I • e31e 
OSML. • ~31e 
OUTI • 5eee 
OUT2 • e660 
OUT~ • 5eeS 
1'121 • 5116 
PAOO • 4e~e 
PEeA • 4123 
PLNO • 442C!1 
PM1 • 5647 
PNTRI • 4737 
PNTR2 • 51~2 
PNTR8 • ~4eA 
PNTRg • 54e5 
POPR • 4421 
POPRl • 4431 
POPR2 • 4e4! 
PReM • 46e4 
PRMM • ~5'2 
PRPT • 4~ee 
PRPT3 • 4e14 
PRPT4 • 4r540 
P8CH • ~320 
pset.. • 5;'17 
PSCN • 3103 
I~CNT • 51ee 
RETRN • 0;5e2 
RMDP • 5324 
RMKR • 51e3 
'~PNT • e242 
RTRNI • 5171 
SMOG • ee13 
SLIM • 4247 
SLIM1 • 4;514 
SLIM! • 4281 
~SPCM • 57217 
SPCS • esse 
SPNT • 441e 
SPNTI • 4fH50 
SRCT • e117 
S8Te • 4707 
STATX • 1041 
~5TAT)(I • e~e5 
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SUMH • 4646 
SUMHI • 4~71 
SUML • 4(545 
SUML1 • 4~e3 
TAB1 • 2J04 
TABLE • 2~3e 
TIME • 2078 
TSMH • ~~14 
TSML, • !5313 
TTY • 0003 
UNPACI< • 241213 
UNUSED • 2120 
X01 • 443e 
xe2 • 431e 
XI2I~ • 444121 
X2I4 • 4471 
)(215 • 420e 
X 1216 • 4~22 
)(1217 • 4321 
X2I8 • 4301 
XeI; • 52135 
Xl • 5013 
Xl1 • 5033 
X12 • "002 
)(13 • 4e04 
X14 • 5210 
X2 • e01S 
X20 • 4702 
)(21 • 42ee 
)(22 • 4ee2 
)(23 • 4272 
)(24 • 4e70 
)(25 • 42e21 
X26 • 4ees 
)(27 • 4e14 
)(28 • 4e21 
X29 • 4710 
)(31 • !5014 
)(32 • 4752 
)(33 • e140 
)(ATN • 5eee 
)(ATN1 • 5322 
)(eLt< • 5S4e 
)(8TS • 5634 
)(8TS1 • 5321 
Yi • 52117 
V2 • e101 
ER 000121 
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APPENDIX A 
PRU\lCIPAL K AND L LII\JES BY ATOMIC NUMBER 

-~-. ....... ~-.--.- ,----- -- ..... -"._.- ----- ... ~ -~ .. ~-... -.. --....... --, .. --,- ... -------------..... -~ .. ,,- .... ~-,- .. -
Atomic Energy (eV) 

t------.. -- - -----.. -------

Number Element K "alpha" K "bE~tall L "a lpha" L "beta ll L IIgamma li 

1 H ~ ~ ~ ~ ,0 
2 He X1 X1 X1 ~ X1 
3 Li 54 X1 X1 

I 

X1 X1 
4 Be 1~9 ,0 X1 X1 ~ 
5 B 184 ,0 ~ X1 X1 
6 C 279 ,0 X1 ~ ~ 
7 N 393 ~ X1 X1 X1 
8 0 524 X1 X1 ~ ,0 
9 F 675 X1 ,0 X1 X1 

10 Ne 849 ,0 X1 X1 ~ 
11 Na 1X141 ~ X1 ~ ~ 
12 Mg 1255 ~ ~ X1 X1 
13 AI 1487 ,0 ~ ~ ~ 
14 Si 1739 1838 X1 ~ ¢ 
15 P 2,014 2142 ~ ~ X1 
16 S 23~7 2468 ¢ ~ X1 
17 CI 2622 2817 ~ ~ ~ 
18 Ar 2957 3191 ~ ~ ~ 
19 K 3312 3589 X1 ~ ,0 
20 Ca 369X1 4~12 341 344 34X1 
21 Sc 4~88 4459 395 399 39¢ 
22 Ti 45¢8 4931 452 458 45~ 
23 V 4949 5427 51~ 519 I 51¢ 
24 Cr 5411 5947 571 581 58~ 
25 Mn 5895 6492 636 647 64~ 
26 Fe 64¢~ 7~59 7,04 717 71,0 . 
27 Co 6925 7649 775 79X1 79~ 
28 Ni 7472 8265 849 866 86,0 
29 Cu 8,041 89X17 928 948 : 

94,0 
30 Zn 8631 9572 1X1,09 1~32 1X13X1 
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Atomic ! Energy (eV) 
Number Element K "alpha" K "beta" I L lIalpha ll L IIbeta li L IIgamma" 

-""1-
i 

31 Ga 9243 1,0263 I 1,096 1122 112,0 
32 Ge 9876 1,0984 1186 1216 121,0 
33 As 1,0532 11729 1282 1317 131,0 
34 Se 1121,0 125,01 1379 1419 141,0 
35 Br 119,07 13296 148,0 1526 152,0 
36 Kr 1263,0 1412,0 1587 1638 163,0 
37 Rb 13375 14971 1694 1752 175,0 
38 Sr 14142 15849 18,06 1872 187,0 
39 Y 14933 16754 1922 2124 212,0 
40 Zr 15746 17666 2,042 2124 23,02 
41 Nb 16584 18621 2166 2257 2462 
42 Mo 17443 19607 2293 2395 2623 
43 Tc 18327 20585 2424 2538 2792 
44 Ru 19235 21655 2558 2683 2964 
45 Rh 20167 22721 2696 2834 3144 
46 Pd 21123 23816 2838 299,0 3328 
47 Ag 221,04 24942 2984 3151 5519 
48 Cd 231,09 26,093 3133 3316 3716 
49 In 24139 27274 3287 3487 392,0 
5,0 Sn 2527,0 28483 3444 3662 4131 
51 Sb 26357 29723 36,05 3843 4347 
52 Te 27471 3,0993 3769 4,029 457,0 
53 I 2861,0 32292 3937 422,0 48,0,0 
54 Xe 298,02 33644 4111 4422 5,036 
55 Cs 3,097,0 34984 4286 462,0 528,0 
56 Ba 32191 36376 4467 4828 5531 
57 La 3344,0 37799 4651 5,043 5789 
58 Ce 34717 39255 484,0 5262 6,052 
59 Pr 36,023 4,0746 5,034 5489 6322 
60 Nd 37359 42269 523,0 5722 66,02 
61 Pm 38649 43945 5431 5956 6891 
62 Sm 4,0124 454,0,0 5636 62,06 718,0 
63 Eu 41529 47,027 5846 6456 7478 
64 Gd 42983 48718 6,059 6714 7788 
65 Tb 4447,0 5,0391 6275 6979 81,04 
66 Dy 45985 52178 6495 7249 8418 
67 Ho 47528 53934 672,0 7528 8748 
68 Er 49,099 5569,0 6948 781,0 9,089 
69 Tm 5,073,0 57576 7181 81,03 9424 
70 Yb 5236,0 59352 7414 84fj1 9779 
71 Lu 54,063 61282 7654 87,08 1,0142 
72 Hf 55757 632,09 7898 9,021 1,0514 
73 Ta 57524 6521,0 8145 9341 1,0892 
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Atomic 
I 

Energy (eV) 
Number ElemEmt K lIalpha ll K IIbeta" L lIalpha ll L "beta ll L "gamma ll 

74 W 5931,0 67233; 8396 967,0 11283 
75 Re 61131 69298: 8651 1,0,0,08 11684 
76 

I 

as 62991 714,04- 891,0 1,0354 12,094 
77 Ir 64886 73549 9173 1,07,06 125,09 
78 ! Pt 6682,0 75736 9441 11,069 12939 
79 Au 68794 77968: 9711 11439 13379 
80 Hg 7,0821 8,0258: 9987 11823 13828 
81 ; Ti 7286,0 ; 82558: 1,0266 1221,0 14288 
82 Pb 74957 84922' 1,0549 12611 14762 
83 Bi 77,097 87335- 1,0836 13,021 15244 
84 Po 79296 898,09 11128 13441 1574~ 
85 At 81525 92319 11424 13873 16248 
86 Rn 838,0,0 94877' 11724 14316 16768 
87 Fr 86119 97483 12,029 1477,0 173,01 
88 Ra 88485 ' 1,0,0136 12338 15223 17845 
89 Ac 9,0894 1,02846- 1265,0 15712 18,045 
90 Th 93334 1,05592 12966 162,0,0 18977 
91 Pa 95851 1,084,08: 13291 167,0,0 19559 
92 U 98428 111289 13613 17218 2,0163 
93 Np 1,01,0,05 114181 13945 1774,0 2,0774 
94 Pu 1,03653 117146 14279 18278 214,01 
95 Am 1,06351 12,0163 14618 18829 22,042 
96 Cm 1,09,098 123235- 14961 19393 22699 
97 Bk 111896 126362 153,09 19971 2337,0 
98 Cf 114745 129544- 15661 2,0562 24,056 
99 Es 117646 132781 16,018 21166 24758 

100 Fm 12,0598 136,075 16379 21785 25475 
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