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The HP 48G/GX combines an easy-to-learn graphical user interface with
advanced mathematics and engineering functionality, expanded memory
capability, and seven new plot types.
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.3'$1� , "'(-$2� (-"+4#(-&� 3'$� ��� 	���� ��� ��������  -#� -.6�

6(3'� $73$-2(.-2�� (-� 3'$� ��� �������



� ��	�	�� �!������ ���

�'$� *$8� ".-"$/3� 4-#$1+8(-&� 3'$� ./$1 3(.-� .%� 3'$� " +"4+ 3.1

(2� 3'$� (#$ � .%� .!)$"32� .-� 3'$� 23 "*�� �� 23 "*� (2�  � # 3 � 2314"341$

3' 3� (2� 2(,(+ 1� 3.�  � 23 "*� .%� " %$3$1( � 31 82�� �'$� "+$ -� 31 82�  1$

 ##$#� 3.� 3'$� 3./� .%� 3'$� 23 "*��  -#�  2� 31 82�  1$� -$$#$#�� 3'$8

 1$� 1$,.5$#� %1.,� 3'$� 3./� .%� 3'$� 23 "*�� �'(2� 38/$� .%� + 23� (-�

%(123� .43� .1#$1(-&� "' 1 "3$1(9$2� 3'$� ��� ������� 23 "*�� �++

./$1 3(.-2� 3 *$� 3'$(1�  1&4,$-32� �(%�  -8�� %1.,� 3'$� 23 "*�  -#

1$341-� 3'$(1� 1$24+32� �(%�  -8�� 3.� 3'$� 23 "*�

�'$1$� (2� .-+8� .-$� # 3 � 23 "*� (-� 3'$� ��� �������� �'(2� 1$2.41"$

(2� 2' 1$#� !8� 3'$� 42$1�  -#� 3'$� 2823$,� ���� /1.&1 ,,$1�� 6'.

,423� 3 *$� &1$ 3� " 1$� 3.� , *$� 241$� 3' 3�  -8� .!)$"32� 3' 3� !$:

+.-&� 3.� 3'$� 42$1�  1$� /1$2$15$#� 3'1.4&'� 3'$� ./$1 3(.-� .%� 282:

3$,� ���� /1.&1 ,2�� �.1� $7 ,/+$�� 3'$� 42$1� , 8� ' 5$�  � %$6

-4,!$12� 2(33(-&� .-� 3'$� 23 "*�� 3'$-� #$"(#$� 3.� /+.3� 3'$� &1 /'

.%�  � %4-"3(.-�� �'$� 2823$,� ���� /1.&1 ,� 3' 3� 14-2� 6'$-� 3'$

DRAW� *$8� (2� /1$22$#� #.$2� , -8� ./$1 3(.-2� 3' 3� 1$04(1$� 3'$

42$� .%� 3'$� 23 "*�� 24"'�  2� 1$" ++(-&� 3'$� /+.33(-&� / 1 ,$3$12�

"'$"*(-&� 3' 3� 3'$8�  1$� 5 +(#�� " +"4+ 3(-&� 3'$� 1 -&$� .5$1� 6'("'

3.� /+.3�� $5 +4 3(-&� 3'$� 42$1�2� %4-"3(.-��  -#� ".-5$13(-&� 3'$

%4-"3(.-� 5 +4$2� 3.� /(7$+� "..1#(- 3$2�� �%3$1� 3'$� &1 /'� (2� ".,:

/+$3$� �.1� (%� 3'$� #1 6(-&� .%� 3'$� &1 /'� (2� (-3$114/3$#� !8� 3'$

42$1��� 6'$-� 3'$� 42$1� 2$$2� 3'$� 23 "*�  & (-�� 3'$� 2 ,$� -4,!$12

3' 3� 6$1$� 3'$1$� 3.� !$&(-� 6(3'� 2'.4+#� -.3� ' 5$� !$$-� #(2341!$#�

�-23$ #� .%� 31 82�� 42$12� , 8� ".++$"3� 5 1(.42� 38/$2� .%� -4,$1("�

28,!.+("��  -#� &1 /'("� .!)$"32� .-� 3'$� ��� ������� 23 "*�� �'$

38/$2� .%� .!)$"32�  5 (+ !+$� (-� 3'$� ��� ������� (-"+4#$� 1$ +�  -#

".,/+$7� -4,!$12�� 1$ +�  -#� ".,/+$7�  11 82�� !(- 18� (-3$&$12�

- ,$2�� "' 1 "3$12�� 231(-&2�� 3 &&$#� .!)$32��  +&$!1 ("� .!)$"32�

4-(3� .!)$"32��  -#� &1 /'("� .!)$"32�� �'$1$�  1$�  +2.� ! "*4/� .!:

)$"32�� +(!1 18� .!)$"32�� #(1$"3.1($2�� /1.&1 ,2��  -#� +(232�� ���� ��

.!)$"3� 38/$2�  1$� #(2"422$#� (-� ,.1$� #$3 (+� (-� 1$%$1$-"$� 	��

�-�  � *$8:/$1:%4-"3(.-� " +"4+ 3.1�� 3'$1$� (2�  � 2(-&+$� *$8� 3' 3� 3'$

42$1� -$$#2� 3.� /1$22� 3.� &$3� 3'$� , "'(-$� 3.� /$1%.1,�  -8� ./$1 :

3(.-�� 24"'�  2� ".2(-$�� �'$� ��� ������� ' 2� , -8� ,.1$� ./$1 :

3(.-2� 3' -� 3'$� �
� *$82� .-� 3'$� *$8!. 1#�� 2.� 3'$1$� -$$#2� 3.� !$

 � 6 8� 3.�  ""$22�  ++� 3'$� %4-"3(.- +(38� 6(3'.43�  22(&-(-&� .-$

./$1 3(.-� 3.� $ "'� *$8� .-� 3'$� *$8!. 1#�� �'(2� (2�  "".,/+(2'$#

3'1.4&'� 3'$� 42$� .%� ,$-42�  -#� 2.%3*$82�� �'$� 3./� 1.6� .%� *$82

.-� 3'$� *$8!. 1#� #.� -.3� ' 5$�  -83'(-&� /1(-3$#� .-� 3'$,� !$:

" 42$� 3'$8� ".11$2/.-#� 3.� ,$-4� + !$+2� 3' 3�  //$ 1�  +.-&� 3'$

!.33.,� .%� 3'$� 2"1$$-�� �'$2$� *$82�  1$� " ++$#� 2.%3*$82��  -#

3'$(1� ,$ -(-&� "' -&$2� 6'$-$5$1� 3'$� ".11$2/.-#(-&� + !$+2

.-� 3'$� 2"1$$-�  1$� "' -&$#� !8� 3'$� 2.%36 1$�



� ������� �����#� ��� ������� ������!�� ����

�$� 6(++� -.6� #(2"422� 3'$� ,$,.18� ".-31.++$1� ".-%(&41 3(.-2

42$#� (-� 3'$� ��� �������  -#� '.6� 3'$2$�  1$� 42$#� (-� (,/+$:

,$-3(-&� 3'$� 5 1(.42� 38/$2� .%� $7/ -#$#�  ##1$22� ,.#$2� #$:

5$+./$#� %.1� 3'$2$� /1.#4"32�� �'$� -$73� 2$"3(.-� .43+(-$2� 3'$
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Port 2 128K

Port 1 128K
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MMIO

$)&&%2%.#%3� ).� #/.&)'52!4)/.� "%47%%.� 4(%� ��� ����� � !.$� 4(%

��� ����� � !.$� $)3#533%3� (/7� 4(%3%� $)&&%2%.#%3� !2%� 53%$� 4/

%84%.$� !.$� 2%&).%� 4(%� %80!.$%$� !$$2%33� 4%#(./,/'9� 4/� 02/<

6)$%� !##%33� 4/� !� 4/4!,� /&� ��
��� "94%3� /&� #/$%� !.$� $!4!� !3

42!.30!2%.4,9� !3� 0/33)",%�

�(%� ���� "53� !2#()4%#452%� &)234� $%6%,/0%$� &/2� 4(%� ��� 
	� !.$

53%$� ).� !,,� ��� #!,#5,!4/23� 3).#%� 4(!4� 4)-%� (!3� 3%6%2!,� 53%&5,

&%!452%3�� �.%� /&� 4(%� .)#%34� )3� )43� !$$2%33� #/.&)'52!4)/.� #!0!<

"),)4)%3�� �,,� #()03� !44!#(%$� 4/� 4(%� "53� !2%� 2%15)2%$� 4/� "%� !",%

4/� #(!.'%�� /.� #/--!.$� /&� 4(%� "53�� 4(%� 2!.'%� /&� !$$2%33%3

4(!4� %6/+%� !� 2%30/.3%� &2/-� 4(%� #()03�� �5#(� !� 3934%-� %,)-)<

.!4%3�� /.#%� !.$� &/2� !,,�� 4(%� ).#/.6%.)%.#%� !.$� (%!$!#(%� /&

#/.&)'52).'� *5-0%2� 37)4#(%3� /.� #!2$3� $%3)'.%$� 4/� 0,5'� ).4/

4(%� -!#().%�� �/2� !� #/.35-%2� 02/$5#4� ,)+%� !� #!,#5,!4/2� 4()3� )3

./4� /.,9� !� .)#%49�� )4� )3� !� .%#%33)49�

�.� 4(%� %!2,9� $!93� /&� 4(%� !2#()4%#452%� ���� 
	� 4/� ��� 
����� 4(%

���� "53� ,).%3� 7%2%� !#45!,,9� 2/54%$� !2/5.$� 4(%� #)2#5)4� "/!2$

!.$� !.9� ����� ����� /2� -%-/29� -!00%$� ���� 4(!4� 7!3� !4<

4!#(%$� 4/� 4(%� "53� (!$� 4/� "%� #534/-<-!$%� 7)4(� 4(%� "53� ).4%2<

&!#%� !44!#(%$�� �()3� (!$� 4(%� !$6!.4!'%� /&� !,,/7).'� !.� !2")42!29

.5-"%2� /&� 0!243� 4/� "%� !$$%$� 4/� 4(%� 3934%-� 7)4(� !3352!.#%

4(!4� 4(%� 3934%-� 7/5,$� "%� #!0!",%� /&� (!.$,).'� !,,� /&� 4(%-� ).

/.%� 7!9� /2� !./4(%2�� �4� (!$� 4(%� '2!6%� $)3!$6!.4!'%� /&� 0544).'

!� 02)#%� 02%-)5-� /.� 35#(� %33%.4)!,� )4%-3� !3� ���� !.$� ����

�.� 4(%� 3%#/.$<'%.%2!4)/.� ���� #()0�� !� &)8%$� .5-"%2� /&� -%-<

/29� #/.42/,,%23� 7%2%� ).#,5$%$� /."/!2$� 4(%� ����� �(%� ���

"53� 7!3� 4(%.�� &/2� !,,� 02!#4)#!,� 0520/3%3�� #/-0,%4%,9� ()$$%.

7)4().� 4(%� ���� )43%,&�� �(%� #/-").!4)/.� /&� %84%2.!,� 34!.$!2$

���� /2� ���� 4/'%4(%2� 7)4(� /.%� /&� 4(%� ).4%2.!,� -%-/29

#/.42/,,%23� 7!3� 4(%.� %15)6!,%.4� �3/� &!2� !3� 4(%� ���� "53� )3

#/.#%2.%$�� 4/� !� 34!.$!2$� "53� $%6)#%�

�.� 4(%� 34!.$!2$� $%6)#%� )-0,%-%.4!4)/.3�� 4(%� 3):%� /&� 4(%� $%6)#%

�4(!4� )3�� 4(%� !$$2%33� 30!#%� /##50)%$� "9� 4(%� $%6)#%�� )3� $%<

3)'.%$� ).4/� 4(%� $%6)#%�� �.� 4(%� 3%#/.$<'%.%2!4)/.� #()0�� 4(%� 3):%

/&� 4(%� #/.42/,,%23� 7!3� -!3+� 02/'2!--%$� !4� 4(%� 4)-%� /&� -!.<

5&!#452%� 3).#%� 7%� +.%7� %8!#4,9� 7(!4� 3):%� %!#(� #/.42/,,%$

$%6)#%� 7/5,$� "%�

�)4(� 4(%� !$6%.4� /&� 0,5'<).3� &/2� 4(%� ��� ����� �� 4(%� #/.&)'5<

2!4)/.� #!0!"),)4)%3� /&� 4(%� -%-/29� #/.42/,,%23� (!$� 4/� "%� %8<

0!.$%$� 4/� ).#,5$%� 6!29).'� 4(%� !00!2%.4� 3):%� /&� 4(%� -%-/29

#/.42/,,%2� 4/� #/.&/2-� 7)4(� 4(%� $%6)#%� "%).'� 0,5''%$� ).�� �()3

)3� /.%� /&� 4(%� -!.9� !$6!.#%$� &%!452%3� ).� 4(%� 4()2$<'%.%2!4)/.�

��� ����� � )-0,%-%.4!4)/.� /&� 4(%� !2#()4%#452%�� �()3� 2%3):).'

&%!452%�� ).� !$$)4)/.� 4/� !,,/7).'� 0,5'<).3� /&� 6!2)/53� 3):%3�� !,3/

02%3%.4%$� 4(%� /00/245.)49� 4/� %80,/2%� %80!.$%$� !$$2%33

-/$%3�� 7()#(� 7%� (!6%� #/-%� 4/� #!,,� 4(%� ;#/6%2%$�� 4%#(./,<

/'9�� &/2� 2%!3/.3� 4(!4� 7),,� "%� !00!2%.4� 3(/24,9�

�(%� 4()2$<'%.%2!4)/.� ���� #()0� (!3� 3)8� -%-/29� #/.42/,,%23�

�.� 4(%� ��� ��� �� 4(%3%� !2%� !,,/#!4%$� 4/� -%-/29� -!00%$� ����

3934%-� ����� 0/24� 	�� 0/24� 
�� !.$� 3934%-� ����� !.$� 4(%2%� )3

/.%� %842!� #/.42/,,%2�� �(%)2� #/.&)'52!4)/.� ).� 4(%� 535!,� 34!4%� )3

3(/7.� ).� �)'�� 
�� �(%� -%-/29� #/.42/,,%23� !2%� 3(/7.� 7)4(

4(%)2� 3):%3� !.$� ,/#!4)/.3� ).� 4(%� !$$2%33� 30!#%� ������(� 4/

�����(��� �(%9� !2%� !,3/� 0)#452%$� !3� (!6).'� !� 6%24)#!,� ,/#!4)/.

).� ;02)/2)49� 30!#%��� �.� 4(%� ���� "53� $%&).)4)/.� 4(%� $%6)#%3� !2%

#(!).%$�� 7)4(� 4(%� 2%35,4� 4(!4� $%6)#%3� #,/3%34� 4/� 4(%� ���� /.

Fig. 3. � �8%#54%<).<0,!#%� #/.&)'5<
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MMIO

System RAM (Shrunken)

Covered Code to be
Executed In-Place

Unused
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Fig. 4.� �/09;4/;-!),"/8� #/.&)'5;
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H
ig
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r P
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or

ity
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MMIO System RAM
(Shrunken)

Covered Code and Data
to Copy to Mailbox

Unused

Mailbox in
System RAM

4(%� #(!).� (!6%� 4(%� &)234� /00/245.)49� 4/� 2%30/.$� 4/� "53� 2%;

15%343�� �.� #/.3%15%.#%�� )&� 47/� $%6)#%3� !2%� #/.&)'52%$� 7)4(

/6%2,!00).'� !$$2%33� 2!.'%3�� 4(%� /.%� #,/3%2� 4/� 4(%� ���� /.

4(%� #(!).� %&&%#4)6%,9� ()$%3� 4(%� -/2%� $)34!.4� /.%�� �.� �)'3�� 
� 4/

	
�� ()'(%2� 02)/2)49� #!.� "%� ).4%202%4%$� !3� :#,/3%2� 4/� 4(%� ����

/2� :()$%3� 4(/3%� "%,/7��

�3� 3(/7.� ).� �)'�� 
�� 4(%� -%-/29� #/.42/,,%2� &/2� 3934%-� ���

()$%3� 4(%� 3%#4)/.� /&� ���� 3(/7.� !3� #/6%2%$�� �()3� )3� 4(%

2%!3/.� &/2� 4(%� .!-%� :#/6%2%$�� 4%#(./,/'9�

�)'�� �� 3(/73� -/2%� $%4!),� /&� 4(%� #/6%2%$� ���� !.$� 4(%� &)234

7!9� ).� 7()#(� )4� )3� 53%$�� �.� /.%� 3%#4)/.� /&� 4(%� #/6%2%$� ���

4(%2%� )3� !33%-",9� ,!.'5!'%� #/$%� �-/34,9� -!4(� 2/54).%3�� 4(!4

2%15)2%3� ./� ���� 2%3/52#%3� /543)$%� 4(%� ���� &/2� %8%#54)/.�

�()3� #/$%� )3� %8%#54%$� ).;0,!#%� ).� 4(%� #/6%2%$� ���� "9

3(2).+).'� !.$�/2� -/6).'� 4(%� -%-/29� #/.42/,,%2� &/2� 3934%-

���� 3/� 4(!4� 4(%� 2%,%6!.4� 3%#4)/.� /&� #/$%� )3� 4%-0/2!2),9� 5.;

#/6%2%$�� �(%.� 4(%� 2/54).%� &).)3(%3� %8%#54)/.�� 3934%-� ���� )3

2%452.%$� 4/� )43� ./2-!,� #/.&)'52!4)/.�

�� 3%#/.$� 3%4� /&� 2/54).%3�� !,,� /&� 7()#(� /.,9� .%%$� !##%33� 4/� !

&)8%$� 3%4� /&� ,/#!4)/.3� 7)4().� 3934%-� ����� #!.� %8%#54%� 7)4(

3934%-� ���� ).� !.9� /.%� /&� 	�� ,/#!4)/.3�� !3� ,/.'� !3� 4(%9

4(%-3%,6%3� !2%� ./4� #522%.4,9� #/6%2%$� "9� 3934%-� ����

�)'�� �� 3(/73� !� 3%#/.$� 7!9� ).� 7()#(� 4(%� #/6%2%$� ���� )3

53%$�� �.� 4()3� #!3%�� #/$%� !.$� $!4!� �-/34,9� $!4!�� !2%� #/0)%$

&2/-� #/6%2%$� ���� 4/� !� -!),"/8� !4� !� &)8%$� ,/#!4)/.� ).� 3934%-

����� �&4%2� 4(%� #/09� )3� #/-0,%4%$�� 3934%-� ���� )3� 2%452.%$

4/� )43� ./2-!,� #/.&)'52!4)/.� !.$� 4(%� #/$%� !.$� $!4!� !2%� !6!),;

!",%� 4/� 4(%� 2%34� /&� 4(%� 3934%-�� �/$%23� 53).'� 4()3� $!4!� -534

2%-!).� !7!2%� 4(!4� )4� )3� 6/,!4),%� !.$� #!.� "%� $%342/9%$� "9� !.;

/4(%2� &%4#(� /&� $!4!� &2/-� #/6%2%$� ����� �.� 4()3� 3%.3%�� 4()3

-%4(/$� )3� ./4� 42!.30!2%.4�

�./4(%2� 7!9� ).� 7()#(� #/6%2%$� ���� )3� 53%$� )3� 3(/7.� ).

�)'�� 
�� �4� )3� !3� 42!.30!2%.4� !3� 4(%� %8%#54%;).;0,!#%� -%4(/$� "54

%.4!),3� &%7%2� 2%342)#4)/.3� /.� 4(%� #/$%� !.$� $!4!� 4(!4� #!.� "%

).#,5$%$�� �.� 4(%� ��� ��� � #/$%�� 4()3� 3934%-� )3� 535!,,9� 4)%$� 4/

4(%� %8%#54)/.� /&� ������3�� �%#!,,� 4(!4� ������3� !2%� ���

/"*%#43� 4(!4� 35"34)454%� &/2� (!2$� !$$2%33%3� /&� /"*%#43� 7(/3%

02%#)3%� ,/#!4)/.� )3� ./4� +./7.� ).� !$6!.#%� �!.$� ).� &!#4� -)'(4

./4� %6%.� "%� 02%3%.4��� �(%9� !2%� -)$7!9� "%47%%.� (!2$� !$;

$2%33%3� 4(!4� /.,9� #(!.'%� !4� #/-0),%�,).+� 4)-%� !.$� )$%.4)&)%23

7(/3%� #/22%30/.$).'� /"*%#43� -!9� -/6%� "%47%%.� 35"3%15%.4

#!,,3� !4� 25.� 4)-%�

�&�� $52).'� 4(%� #/.6%23)/.� /&� !� ������� 4/� !.� !$$2%33�� )4� )3

$%4%2-).%$� 4(!4� 4(%� #/22%30/.$).'� /"*%#4� ,)6%3� ).� #/6%2%$

����� 4(%� /"*%#4� )3� #/0)%$� &2/-� #/6%2%$� ����� 4(2/5'(� 4(%

-!),"/8�� 4/� 4(%� TEMPOB� �4%-0/2!29� /"*%#4�� !2%!�� �(%� !$$2%33
/&� )43� .%7� ,/#!4)/.� ).� 4(%� TEMPOB� !2%!� )3� 4(%.� 2%452.%$�� �)'�
�� 3(/73� !� #/-0!2)3/.� /&� !� .!-%$� ���� 7/2$� �+%97/2$� /2

#/--!.$�� !3� )4� 7/5,$� %8)34� ).� #/6%2%$� ���� !.$� !3� #/0)%$

4/� 4(%� TEMPOB� !2%!�� �,4(/5'(� 7%�,,� 2%&%2� "!#+� 4/� �)'�� �� ,!4%2�
&/2� ./7� ./4)#%� 4(!4� ).� !$$)4)/.� 4/� 4(%� /"*%#4� )43%,&�� !.� !$$);

4)/.!,� 0)%#%� )3� !$$%$� 4/� 4(%� )-!'%� ).� 4(%� TEMPOB� !2%!�� �()3
0)%#%� )3� !� ������� 02%#%$).'� 4(%� /"*%#4� )43%,&�� �()3� !,,/73

Fig. 5. � �/09;4/;TEMPOB � #/.&)'52!;
4)/.� &/2� ��� ����� � #/6%2%$� ���

7/2$3�

System ROM

Covered ROM 32K

Larger Addresses

H
ig

he
r P

ri
or

ity

Port 1 (128K)

MMIO

System RAM

Covered ROM Words to Copy
to the TEMPOB Area

Unused

Mailbox in
System RAM

TEMPOB Area



��� � � � � � � � �;-;9:� ����� �+=2+::B ')1'8*� �5;84'2

Fig. 6.� �536'8/4-� :.+� 9:8;):;8+� 5,� '� !��� =58*� '9� 8+9/*+4:� /4� !��

'4*� =.+4� )56/+*� :5� TEMPOB � ;9/4-� )5<+8+*� :+).4525-?�

Property List Flags

ROMPTR Body

ROM Word Body

Property List Item

Property List Item

Property List Item

Property List Item

Property List Item

In ROM

DOROMP

ROMPTR Body

ROM Word Body

Mark and Link

In TEMPOB

Mark and Link
ROMPTR
Preceding

Object

:.+� 85;:/4+� )54<+8:/4-� :.+� !�� #!� :5� '4� '**8+99� :5� ).+)1

=.+:.+8� :.+� 5(0+):� /4� 7;+9:/54� /9� '� )56?� 5,� 54+� 8+9/*/4-

+29+=.+8+�� #./9� 3+:.5*� 5,� )5<+8+*� !��� '))+99�� =./).� =+

)'22� A)5<+8+*� !��� =58*� '))+99��� =/22� (+� +96+)/'22?� 8+2+<'4:

:5� 5;8� */9);99/54� 5,� :.+� � � ���	�&�

 8++>/9:/4-� *+9/-4� +2+3+4:9� 5,� :.+� ! �� 9?9:+3� )54:8/(;:+*

-8+':2?� :5� :.+� 68'):/)'2/:?� '4*� :8'496'8+4)?� 5,� )5<+8+*� !��

=58*� '))+99�� /4)2;*/4-�

• �4)'69;2':/54� 5,� )5*+� '4*� *':'� /4:5� ! �� 5(0+):9� :.':� '8+� 5,

*+:+83/4'(2+� 9/@+

• �4*/,,+8+4)+� 5,� ! �� 5(0+):� +>+);:/54� :5� 5(0+):� 25)':/54� /4

!��� 58� !��

• �7;/<'2+4)+� 5,� */8+):� '4*� /4*/8+):� +>+);:/54� 5,� ! �� 5(0+):9�

=./).� '225=9� �454)/8);2'8�� 9:8;):;8+9� :5� (+� 9:58+*� '4*� ;9+*

/4� :.+� 9'3+� ,583':�

	�� ������� 
������ ����������� ��������
�����

#.+� � � ���&� .'9� '� 4;3(+8� 5,� /3658:'4:� ,+':;8+9� /4)2;*/4-�

• $6� :5� ����� (?:+9� 5,� (;/2:B/4� 9?9:+3� !��

• �4+� 62;-B/4� 658:� +2+):8/)'22?� +7;/<'2+4:� :5� :.+� � � ��"&� 658:9

• �))+99� :5� ����� (?:+9� 5,� 9?9:+3� !��

• �))+99� :5� ��� (?:+9� 5,� !��� 58� !��� ':� '� 9+)54*� 658:� ;9/4-

/4*;9:8?B9:'4*'8*� 6'8:9�

#.+9+� ,+':;8+9� 8+7;/8+*� /4)8+'9/4-� :.+� ;9'(2+� '**8+99� 96')+

,853� 
���� (?:+9� :5� ������ (?:+9�� '4� ��
�� /4)8+'9+� 5<+8� 68+B

</5;9� 3')./4+9�

%./2+� :.+� � � ���	�&� .'9� � $� ,;4):/54'22?� +7;/<'2+4:� :5

:.+� :./8*B-+4+8':/54� � $� */9);99+*� '(5<+� '4*� :.;9� .'9� 9/>

3+358?� )54:8522+89�� :.+9+� )54:8522+89� '8+� )54,/-;8+*� '4*

;9+*� */,,+8+4:2?�� �/-�� �� 9.5=9� :.+� 9:'4*'8*� � � ���&� )54,/-B

;8':/54�� #.+� )54:8522+8� 68+</5;92?� '225)':+*� :5� 658:� �� /9� 45=

;9+*� '9� '� ('41� 9=/:).� )54:852�� '4*� :.+� +>:8'� )54:8522+8� /9

45=� '225)':+*� :5� 658:� ��� �;8:.+8358+�� :.+8+� '8+� 45=� '9

3'4?� '9� 
�� 2'?+89� 5<+8� :.+� 2'9:� ����� (?:+9� 5,� '**8+99� 96')+�

�2/3/4':+*� /4� :./9� )54,/-;8':/54� /9� :.+� � � ��"	"&� )5<+8+*

!���� #./9� 3+'49� :.':� '22� 5,� :.+� ,;4):/54'2/:?� /4)2;*+*� /4� :.+

� � ��"	"&� )'4� (+� '))+99+*� 358+� 7;/)12?�� #=5� :./4-9� :.':� '8+

</9/(2?� +4.'4)+*� '8+� 625::/4-� �9/4)+� :.+� 3':.� 85;:/4+9� '8+� 45:

)5<+8+*�� '4*� 9)8++4� ;6*':+� �9/4)+� :.+� ,54:� (/:3'69� '8+� 45:

)5<+8+*��� "/4)+� :.+8+� '8+� '� -8+':� 3'4?� 358+� )5<+8+*� 62')+9

:5� '))+99�� .5=+<+8�� :.+8+� '8+� 3'4?� 358+� A:+3658'8?�� )54B

,/-;8':/549� :5� 1++6� :8')1� 5,� =./2+� =581/4-� =/:.� :.+� )5<+8+*

*':'�

#5� 9/362/,?� :.+� 9?9:+3�� =+� ;9+� 542?� '� 9/4-2+� )5<+8+*� :+).B

4/7;+�� 4'3+2?�� )5<+8+*� !��� =58*� '))+99�� =/:.� '668568/':+

35*/,/)':/549�� %/:.5;:� :./9� 9/362/,/)':/54�� :.+� 4;3(+8� 5,

'))+99� 3+:.5*� '4*� )54,/-;8':/54� )53(/4':/549� =5;2*� (+

;43'4'-+'(2+�� �58+5<+8�� :./9� /9� :.+� 542?� ,+'9/(2+� 3+:.5*� 5,

)5<+8+*� '))+99� :5� )5*+� =8/::+4� ,58� :.+� � � ��"	"&� 58� 45:

+>68+992?� =8/::+4� ,58� :.+� :.+� 4+=� )54,/-;8':/54�

�/-�� �� 9.5=9� :.+� )54,/-;8':/54� =./2+� )56?/4-� '4� 5(0+):� ,853

'� ('41� 5,� 658:� �� :5� :.+� TEMPOB� '8+'��  58:� �� /9� ;4)54,/-;8+*�
�4� :.+� ;4)54,/-;8+*� 9:':+�� :.+� )54:8522+8� 8+9654*9� :5� 542?� '

.'4*,;2� 5,� (;9� )533'4*9� '4*� '):9� '9� /,� /:� =+8+4�:� :.+8+� ,58

*':'� '))+99�

�/-�� �� 9.5=9� :.+� )54,/-;8':/54� =./2+� )56?/4-� '4� 5(0+):� ,853

:.+� 9+)54*� .'2,� 5,� :.+� ;66+8� 9?9:+3� !���� �4� :./9� )'9+�� (5:.

658:9� '8+� ;4)54,/-;8+*�

�/-�� �
� 9.5=9� :.+� )54,/-;8':/54� =./2+� )56?/4-� '4� 5(0+):� ,853

:.+� ,/89:� .'2,� 5,� :.+� ;66+8� 9?9:+3� !���� "/4)+� '� )54:8522+8

35<+� 58� 8+9/@+� 56+8':/54� :'1+9� 3'4?� 358+� � $� 8+95;8)+9

:.'4� )54,/-;8+� 58� ;4)54,/-;8+�� /:� /9� 5,:+4� 4+)+99'8?� :5� )56?

5(0+):9� ,853� :./9� 9+):/54�� :.85;-.� '� 3'/2(5>�� '4*� :.+4� /4:5

:.+� TEMPOB� '8+'�

Fig. 7. � � � ���&� 9:'4*'8*�

3+358?� )54:8522+8� )54,/-;8':/54�

System ROM I (256K)

Higher Addresses

H
ig

he
r P

ri
or

ity

Port 1 (128K)

MMIO

Bank Switch
Control

System RAM (128K)

System ROM II (256K)

(2K)

Port 2
4M Bytes in
128K Banks



�.!.,-� �

�� ��0&�--4���%�+�� �).+(�&� � � � � � � ��

Fig. 8. � ��� �	��� �)( #!.+�-#)(

 )+� �)*2#(!� �(� )�$��-�  +)'� �

��(%� ) � *)+-� �� -)� TEMPOB�

Port 1 (128K)

Port 2
4M Bytes in
128K Banks

System ROM I (256K)

Higher Addresses

H
ig

he
r P

ri
or

ity

MMIO

Bank Switch
Control

System RAM (128K)

System ROM II (256K)

(2K)

Port 1
Unconfigured

Fig. 9. � ��� �	��� �)( #!.+�-#)(

 )+� �)*2#(!� �(� )�$��-� -)� TEMPOB
 +)'� -"�� .**�+� "�& � ) � ,2,-�'

����

System ROM I (256K)

Higher Addresses
H

ig
he

r P
ri

or
ity

MMIO

System ROM II (256K)

Ports 1 & 2
Unconfigured

Port 1 (128K)

Port 2
4M Bytes in
128K Banks

Bank Switch
Control

System RAM (128K)

(2K)


#!�� ��� ,")0,� -"�� �)( #!.+�-#)(� 0"�(� #-� #,� ��-�+'#(��� -"�-

()-"#(!� #,� *&.!!��� #(� �-� �&&�� �(� -"#,� ��,��� -"�� )(&2� �)/�+��

����,,� #,� -)� -"��  #+,-� "�& � ) � -"�� .**�+� ,2,-�'� ����� �!�#(�� #-

#,� &#%�&2� -)� ��� (���,,�+2� -)� �)*2� -"#,� '�-�+#�&� -"+).!"� �� '�#&4

�)1�� �-"�+0#,��� �&&� -"�� ���� 0)+�,� ��(� ��� �1��.-��� #(4*&����


#!�� ��� ,")0,� -"�� ,-�(��+�� ��� �	�� �)( #!.+�-#)(�� 0"#�"� #,

#��(-#��&� -)� 
#!�� ��� �1��*-�  )+� -"�� ,'�&&�+� ,#3�� ) � ,2,-�'

����� �"#&�� #-� #,� ()-� ,-+#�-&2� (���,,�+2� -)� .,�� -"#,� �)( #!.+�4

-#)(�� 0"#�"� '�-�"�,� )(�� ) � -"�� ��� �	��� �)( #!.+�-#)(,�

-"�+�� �+�� ��/�(-�!�,�� 
#+,-�� #-� �&&)0,� '�1#'�&� �)��� ,"�+#(!

��-0��(� -"�� -0)� '��"#(�,�� �(�  ��-�� -"�� �)��� ��(� ��� #��(-#��&

#(� -"#,� ��,��� ���)(��� #-� !�#(,� -"�� ��/�(-�!�� ) �  �,-�+� ����,,

-)� -"�� ��,��  .(�-#)(�&#-2�� *+)/#�#(!� �� ')+�� +�,*)(,#/��

#'*&�'�(-�-#)(�

����
���� ���	�


�"�� "��+-� ) � -"�� ��� �	����� #,� ��  ).+-"4!�(�+�-#)(� ���

�"#*�� �"#,� �.,-)'� ����� #,� �.#&-� �+).(�� -"�� )+#!#(�&� ��� ��

*+)��,,)+�� �(�� #-,� ��/�&)*'�(-� 0�,� %�2� -)� -"�� �+��-#)(� ) 

Fig. 10.� ��� �	��� �)( #!.+�-#)(

 )+� �)*2#(!� �(� )�$��-� -)� TEMPOB
-"+).!"� �� '�#&�)1�

Port 1 (128K)

Bank Switch
Control (2K)

Port 2
4M Bytes in
128K Banks

System ROM I (256K)

Higher Addresses

H
ig

he
r P

ri
or

ity

MMIO

System RAM (128K)

System ROM II (256K)



��� � � � � � � � �8+867� 	���� �):/)77>�%'.%5(� �2851%/

Fig. 11.� ��� ���$� %//>32576>)037<

'21*-+85%7-21�

Bank Switch
Control (2K)

System ROM I (256K)

Higher Addresses

H
ig

he
r P

ri
or

ity

MMIO

System RAM (128K)

System ROM II (256K)

Port 1
(Shrunken)

Port 2
(Shrunken)

7,)� ��� �����$�� !,-6� ',-3� ,%6� *285� %(9%17%+)6� 29)5� 7,)

7,-5(>+)1)5%7-21� ',-3� 86)(� -1� 7,)� ��� �� � $�� �-567�� -7� -6� 352>

(8')(� 86-1+� %� (-**)5)17� ��� � 352')66�� %//2:-1+� &)77)5� 67%&-/>

-7<� :-7,� 21&2%5(� 92/7%+)� 5)+8/%7-21� '-5'8-75<��  )'21(�� 7,)6)

-03529)(� 92/7%+)� ',%5%'7)5-67-'6� %1(� 6)9)5%/� /2:>/)9)/� 237->

0-=%7-216� %//2:� 7,)� 1):� ��"� 72� 23)5%7)� %7� 7:-')� 7,)� 63))(

2*� -76� 35)()')6625�� !,-6� 63))(� -1'5)%6)� +-9)6� -7� %� �>��=� &86

5%7)�� !,-5(�� 7,)� 1):� ��"� -6� 3%'.%+)(� -1� %� 	
�>3-1� 48%(� */%7>

3%'.�� -03529-1+� 7,)� 0%18*%'785%&-/-7<� 2*� 7,)� ��� �����$�

�2857,�� :-7,� %//� 7,)6)� -03529)0)176�� 7,)� *-1%/� '267� -6� /2:)5�

-1'5)%6-1+� 7,)� &8(+)7� *25� 27,)5� ,%5(:%5)� -03529)0)176� 72

7,)� '%/'8/%725�

!,)� *%67)5� 352')66-1+� 63))(� 2*� 7,)� ��� �����$� ��"� +%9)

7,)� 62*7:%5)� 7)%0� -1')17-9)� 72� -03529)� 7,)� 86)5� -17)5*%')�

-03/)0)17-1+� +5%3,-'%/� 5287-1)6� 7,%7� :28/(� 127� ,%9)� &))1

%'')37%&/)� %7� 7,)� 6/2:)5� 352')66-1+� 5%7)�� !,-6� %(()(� *81'>

7-21%/-7<� 5)48-5)(� %1� -1'5)%6)� -1� (%7%� 6725%+)� 63%')�� 62� :)

&2267)(� 7,)� 6-=)� 2*� ���� %1(� ����� #)� %/62� ()'-()(� 72� %((

7,)� *%'-/-7-)6� 72� &%1.>6:-7',� %� (%7%� '%5(� 3/8++)(� -172� '%5(

3257� 7:2�

!,)� ��� �����$� '-5'8-75<�� :-7,� -76� %((-7-21%/� '20321)176�

,%(� 72� *-7� -1� 7,)� 6%0)� 3,<6-'%/� 63%')� %6� -1� 7,)� ��� �� $�� !,)

352(8'7� 3/%1� %1(� 6',)(8/)� (-(� 127� %//2:� ',%1+)6� 72� 352(8'>

7-21� 722/-1+� 25� 3/%67-'� 3%576� );')37� *25� 7,26)� 7,%7� :)5)� %&62>

/87)/<� 1)')66%5<�� �7� 7-0)6� :)� *)/7� /-.)� 32)76� 75<-1+� 72� :5-7)

'5266:25(� 38==/)6�� !,)� ��� �� $� '-5'8-7� &2%5(� ()6-+1� :%6

237-0-=)(� 68',� 7,%7� -7� (-(� 127� /)%9)� 86� 08',� *5))� 63%')�

!,)6)� 63%')� '21675%-176� %**)'7)(� 0%1<� 2*� 7,)� ��� �����$

,%5(:%5)� ()6-+1� ',2-')6�

!,)� ���� -1'5)%6)(� *520� �
�� &<7)6� -1� 7,)� ��� �� $� 72� 	
��

&<7)6� -1� 7,)� ��� ���$�� :,-/)� 7,)� ��� ���� 5)7%-1)(� 7,)� 25-+->

1%/� �
�>&<7)� ',-3�� !,-6� (-**)5)1')� &)7:))1� 7,)� �� %1(� 7,)

�$� 2**)56� 7:2� %(9%17%+)6�� �-567�� -7� 3529-()6� 025)� (-**)5)17->

%7-21� &)7:))1� 7,)� *81'7-216� %1(� '267� 2*� 7,)� �� %1(� 7,)� �$�

-1'5)%6-1+� 7,)� 352(8'7� *%0-/<�6� 0%5.)7� %33)%/��  )'21(�� 7,)

(-**)5)1')� -1� ���� 6-=)� 3529-()6� %� :%<� *25� 7,)� '%/'8/%725� 72

.12:� :,)7,)5� -7� -6� %� �� 25� %� �$�� �*� 7,)� '%/'8/%725� 6'%16� 7,)

���� %1(� *-1(6� 21/<� �
�� &<7)6�� 7,)1� 7,)5)� :-//� 1)9)5� &)� %

3/8+>-1� (%7%� '%5(� -167%//)(�� #-7,� 7,-6� -1*250%7-21� 7,)� '29)5)(

0)025<� 237-216� &)'20)� 08',� 6-03/)5�� !,)� ���� 0)025<

6-=)� &)'20)6� %1� -17)51%/� 352(8'7� 7<3)� -()17-*-)5�� %1(� 6)9)5%/

62*7:%5)� 5287-1)6� %5)� 237-0-=)(� *25� *%67)5� 3)5*250%1')� 21

7,)� ��� ����

���� ����
	


!,)� ��� ���� %1(� �$� 6,%5)� %� '20021� ���� '2()� 6)7�� !,)<

%/62� 6,%5)� %� '20021� '-5'8-7� &2%5(�� #,-/)� 7,-6� 6-03/-*-)6� (2'>

80)17%7-21�� 0%18*%'785-1+�� %1(� 672'.� '21752/�� -7� %/62� '203/->

'%7)6� 620)� %5)%6�� !,)� ��� ���$� ���� ',-3� -6� :-()5� %1(

/21+)5� 7,%1� 7,)� ',-3� 86)(� -1� 7,)� ��� ����� 7,)� �
�� ���� -6� -1

%� 
�>3-1� 60%//>287/-1)� 3%'.%+)� � ����� %1(� 7,)� 	
��� ()9-')� -6

%� �
>3-1�  ���� �27,� '21*250� 72� 7,)� ������ 3-1287� 67%1(%5(�� �

	
��� ()9-')� :%6� ',26)1� 7,%7� ,%6� %1� );75%� ',-3� 6)/)'7� /-1)� %7

3-1� ���� !,-6� ',-3� 6)/)'7� -6� 7-)(� ,-+,�� %//2:-1+� 3-16� 	� 7,528+,

Fig. 12.� ��� ���� 67%1(%5(�

'21*-+85%7-21�

Bank Switch
Control (2K)

System ROM I (256K)

Higher Addresses

H
ig

he
r P

ri
or

ity

MMIO

System RAM (32K)

System ROM II (256K)

Port 1
(Shrunken)

Port 2
(Shrunken)



�<.<:;� 	���� �,>3,;;B (*2(9+� �6<95(3� � � � � � � ��


�� 6-� ;/,� :4(33,9� !��� ;6� 6=,93(@� 705:� �� ;/96<./� ��� 6-� ;/,

3(9.,9� +,=0*,�� #/,� ,?;9(� */07� :,3,*;� 6-� ;/,� � � ���'� !��

4(;*/,:� ;/,� %++� 305,� 6-� ;/,� � � ���� !��� */07�� (5+� (33� 6-� ;/,

6;/,9� 305,:� (9,� 7056<;B*647(;0)3,�

#/,� +0--,9,5*,� 05� 7/@:0*(3� 7(*2(.,� >0+;/� (3:6� 76:,+� (

796)3,4�� #/,� -603� 7(;;,95:� 65� ;/,� *09*<0;� )6(9+� /(+� ;6� ),

46+0-0,+� ;6� (**,7;� !��� */07:� >0;/� +0--,9,5;� 3,(+� :7(*05.:

(*96::� ;/,� 7(*2(.,�� #/,� 044,+0(;,� 9,:765:,� >(:� :0473@� ;6

:;9,;*/� ;/,� 6=(3B:/(7,+� 7(;;,95:�� �6>,=,9�� ;/0:� 9,:<3;,+� 05

;/,� -603� ,?;,5+05.� >,33� <5+,9� ;/,� )6+@� 6-� ;/,� 	
��� */07�� (

:0;<(;065� ;/(;� *6<3+� /(=,� 3,+� ;6� :63+,9� )90+.05.� >/,9,� ;/,

:63+,9� 7(:;,� *65;(*;,+� ;/,� 7(9;� )6+@�� #/0:� 0:� (=60+,+� )@� <:05.

;>6� +0--,9,5;� :63+,9� :;,5*03:� 65� ;/,� 4(5<-(*;<905.� 305,�� �

7(:;,� 6-� :63+,9� 0:� 3(0+� 65� ;/,� )3(52� *09*<0;� )6(9+� ),-69,� 7(9;:

(9,� 36(+,+� 65;6� ;/,� )6(9+�� �� 4,;(3� :;,5*03� +,-05,:� ;/,� 7(;;,95

6-� ;/,� :63+,9� 7(:;,�� 1<:;� (:� (� :032� :*9,,5� *65;963:� ;/,� 7(;;,95

6-� 052� 65� (� :/09;�� �@� <:05.� (� +0--,9,5;� :;,5*03� 7(;;,95� -69� ;/,

�� (5+� �'� *09*<0;� )6(9+:�� >,� *65;963� ;/,� 690.05(3� 36*(;065� 6-

;/,� :63+,9� 7(:;,� (5+� 2,,7� 0;� 6<;� -964� <5+,9� ;/,� 	
��B)@;,

!��� )6+@�� �5*,� (33� ;/,� *64765,5;:� (9,� 36(+,+� 65;6� ;/,

*09*<0;� )6(9+� (5+� ;/,� :63+,9� 0:� /,(;,+� ;6� (� 463;,5� :;(;,�� (

+(5.,9� 40./;� (.(05� ,?0:;� -69� ;/,� :63+,9� ;6� -36>� <5+,9� ;/,

7(9;� )6+@�� �69;<5(;,3@�� ;/,� 5(;<9,� 6-� ;/,� 4,*/(50*(3� *65;(*;

),;>,,5� ;/,� !��� 3,(+� (5+� ;/,� *09*<0;� )6(9+� -603� ;,5+:� ;6

*(<:,� ;/,� :63+,9� ;6� 7663� 69� >0*2� ;6� ;/,� 3,(+� 9(;/,9� ;/(5

:79,(+05.� (*96::� ;/,� ,365.(;,+� -603� 7(+�

#/,� 7(*2(.05.� 6-� ;/,� !��� */07� >(:� (3:6� */(5.,+� ),;>,,5

;/,� � � ��"'� (5+� ;/,� � � ���'�� #/,� "'� <:,+� (� :8<(9,� 

B705

8<(+� -3(;7(*2� -69� 0;:� 

��� )@;,:� 6-� 796.9(4� +(;(�� #/,� *6+,

:0A,� 6-� ;/,� � � ���'� 0:� +6<)3,+� ;6� 
	
�� )@;,:�� �;:� 7(*2(.,� 0:

(� �
B705� "� � 302,� ;/,� 	
��B)@;,� !��� */07�� #/,09� *64465

7(*2(.,� *65-0.<9(;065� (336>,+� <:� ;6� *65:,9=,� :7(*,� 05� ;/,

73(*,4,5;� 6-� ;/,� ;>6� */07:� (5+� 05� ;/,� 96<;05.� 6-� :0.5(3� >09,:

),;>,,5� ;/,4�

$:,� 6-� (� :;(5+(9+� "� � !��� */07� (3:6� (336>,+� <:� ;6� <:,

65,B;04,� 796.9(44()3,� ��# �� !��:� 05� 796;6;@7,� *(3*<3(B

;69:�� �5� �# � <:,:� ;/,� :(4,� :,40*65+<*;69� *69,� (:� (� $%B

,9(:()3,� � !���� #6� .,;� ;/,� :,40*65+<*;69� */07� 05;6� (5

"� �� /6>,=,9�� ;/,� 4(5<-(*;<9,9� 640;:� ;/,� -(4030(9� .3(::� >05B

+6>� 05� ;/,� */07�� *6=,905.� ;/,� +,=0*,� 05� 67(8<,� 73(:;0*�� #/,

9,:<3;05.� !��� 0:� 56� 365.,9� ,9(:()3,�

#@70*(33@�� (� 796+<*;� :*/,+<3,� 9,8<09,:� 465;/:� ),;>,,5� *6+,

9,3,(:,� (5+� ;/,� :;(9;� 6-� 796+<*;065� :6� ;/(;� !��:� *(5� ),� )<03;

>0;/� ;/,� :6-;>(9,� *6+,� )<03;B05�� #/,� <:,� 6-� �# :� 65� ;/0:

7961,*;� *<;� ;/,� 9,8<09,+� ;04,� -964� 465;/:� ;6� +(@:�� �69� 65,

796;6;@7,� 9<5�� ;/,� ;04,� ),;>,,5� *6+,� (=(03()030;@� (5+� 796+B

<*;� )<03+� >(:� 653@� (� -,>� /6<9:�

#/,� � � �����'� � $� 4<3;073,?,:� ;/,� /0./,:;� (++9,::� )0;�� A18�
>0;/� (5� (++0;065(3� */07� ,5()3,� 305,�� CE3�� #/,� 690.05(3� 0+,(
>(:� ;6� (336>� -<;<9,� ,?7(5:065� 6-� ;/,� � � ��� -(403@�� ,0;/,9� ;6

<:,� (� 3(9.,9� !��� */07� 69� ;6� 05*3<+,� (5� (++0;065(3� 4,469@

4(77,+� +,=0*,�� �@� ;/,� ;04,� ;/,� � � �����'� +,:0.5� >(:

*6473,;,�� >,� /(+� +,*0+,+� ;6� +6� )6;/�� &,� +6<)3,+� !��� ;6


	�� )@;,:�� (5+� >,� (++,+� )(52� :>0;*/05.� ;6� *(9+� 769;� 
�� #>6

:4(33� ����"� */07:� >,9,� (++,+� ;6� ;/,� )6(9+� ;6� +,4<3;073,?

;/,:,� :0.5(3:�� #/,� ;>6� */07:� (9,� (� 8<(+� NAND� */07� (5+� (� /,?
�� -307B-367�� :0403(9� ;6� ;/,� :;(5+(9+� ##�� +,=0*,:�� #/,� 4<3;0B

73,?05.� 0:� (**64730:/,+� )@� :0473@� ;6..305.� (� *65;963� )0;� 05B

:0+,� ;/,� � � �����'� � $�� #6� +,4<3;073,?� ;/,� A18 � (5+� CE3
:0.5(3:�� >,� +,=,367,+� (� 796;6*63� -69� 40996905.� ;/,� :;(;,� 6-

;/,� 05;,95(3� )0;� ;6� 65,� 6-� ;/,� ,?;,95(3� �� -307B-367:�� #/,� NAND

.(;,:� /(5+3,� :0.5(3� +,4<3;073,?05.�� (5+� ;/,� 9,4(0505.� -0=,

-307B-367:� -694� (� 9,.0:;,9� -69� ;/,� *(9+� 769;� 
� )(52� (++9,::�

������ �	���	��� ��	����

#/,� *(9+� 769;:� 6-� ;/,� � � ��"'� >,9,� +,:0.5,+� -69� �7:65

4,469@� *(9+:�� ",=,9(3� <5<:,+� 305,:� >,9,� (+(7;,+� ;6� 796=0+,

,?;,95(3� =0+,6� :0.5(3:� ;6� +90=,� (5� ,53(9.,+� +0:73(@� -69� *3(::B

9664� <:,�� �5� ;/,� � � ���'�� ;/,� =0+,6� 305,:� (9,� 9,;(05,+

653@� 65� *(9+� 769;� 	�� �5� *(9+� 769;� 
�� ;/,� =0+,6� 305,:� (9,� 9,B

73(*,+� )@� -0=,� (++0;065(3� (++9,::� 305,:�� #/,� :@:;,4� :6-;>(9,

(336>:� ;/,� *(9+� 05� 769;� 
� ;6� ),� :<)+0=0+,+� 05;6� 	
��B)@;,

:,*;065:�� >0;/� ,(*/� :,*;065� ;9,(;,+� (:� (� =09;<(3� 73<.B05� *(9+�

�0=,� )(52� :,3,*;� (++9,::� 305,:� 7,940;� <7� ;6� �
� =09;<(3� 73<.B

05:� 05� *(9+� 769;� 
�� @0,3+05.� (� 4(?04<4� *(9+� :0A,� 6-� ��� )@;,:

05� ;/,� 73<.B05� 769;�� &0;/� ;/,� !���� !���� (5+� 73<.B05� 67B

;065:�� (5� � � ���'� *(5� (**,::� ���������� )@;,:� 6-� 65)6(9+

+(;(�

"05*,� ;/,� 05*,7;065� 6-� ;/,� � � ��� -(403@� 6-� *(3*<3(;69:�� 308<0+

*9@:;(3� +0:73(@� ;,*/5636.@� /(:� 796.9,::,+� :0.50-0*(5;3@�� #/,

+0:73(@� 05� ;/,� � � �����'� 796=0+,:� 04796=,+� =0:0)030;@� )@

04796=,4,5;:� 05� 70?,3� *65;9(:;�� #/,� +0:73(@� 0:� ;/055,9� ;/(5

),-69,�� #/0:� */(5.,� 05� .3(::� ;/0*25,::� 9,+<*,:� ;/,� 7(9(33(?

),;>,,5� ;/,� 70?,3� >0;/05� ;/,� +0:73(@� (5+� 0;:� :/(+6>� 65� ;/,

9,(9� -(*,� 6-� ;/,� +0:73(@�� �5� ;/,� � � ��"'�� ;/,� 70?,3� *65;9(:;

>(:� 36>,9� (5+� ;/,� :/(+6>� >(:� 56;� +(92� ,56<./� ;6� *(<:,

796)3,4:�� )<;� 05� ;,:;05.� ;/,� 5,>� � � �����'� +0:73(@� <5+,9

=(906<:� 30./;� *65+0;065:�� >,� -6<5+� ;/(;� :/(+6>� ,--,*;:� 4(+,

;/,� +0:73(@� /(9+� ;6� 9,(+�� &0;/� ;/,� ;/055,9� .3(::� 56>� <:,+�

;/,� 70?,3� (5+� 0;:� :/(+6>� (77,(9� (:� 65,� 04(.,�� (5+� ;/,

:/(+6>� 56>� ,5/(5*,:� ;/,� (77,(9(5*,� 6-� ;/,� 70?,3�

�/(5.,:� ;6� 73(:;0*� 7(9;:� >,9,� 56;� 7,940;;,+�� ,?*,7;� >/,9,

5,*,::(9@�� #/,� )(*2� *(:,� 6-� ;/,� � � �����'� 9,8<09,+

*/(5.,:�� #/,� */(5.,:� >,9,� (33� (**64730:/,+� )@� 4(205.

463+� 05:,9;:�� &/,9,� ;,?;� 65� ;/,� 463+� 5,,+,+� */(5.,:� 69

(++0;065:�� ;/,� (--,*;,+� (9,(� 6-� ;/,� 463+� >(:� 4033,+� (>(@�� �

70,*,� 6-� :;,,3� >(:� 73(*,+� 05;6� ;/,� /63,� ;6� 4(2,� (� 7,9-,*;� -0;�

(5+� ;/,� -(*,� 6-� ;/0:� 5,>� 70,*,� >(:� ,;*/,+� 69� 05:*90),+� >0;/

;/,� 5,>� ;,?;<9,:� (5+� -,(;<9,:�� #/,� 5,>� )(*2� *(:,� /,37:

0+,5;0-@� ;/,� +0--,9,5*,:� ),;>,,5� *(9+� 769;:� 	� (5+� 
�� <7+(;,:

;/,� *67@90./;� 05-694(;065�� (++:� (� 4(92� 05+0*(;05.� ;/(;� ;/,

� � �����'� *64730,:� >0;/� �,?0*6�:� 04769;(;065� 3(>:�� (5+

(++:� (5� (9,(� -69� (� *<:;640A,+� 5(4,73(;,�� #/,� *<:;640A,+

5(4,73(;,� 0:� (� 70,*,� 6-� 4,;(3� >0;/� (+/,:0=,� 65� 65,� :0+,�

#/,� *<:;64,9�:� 5(4,� *(5� ),� ,5.9(=,+� 65� ;/,� 73(;,� (5+� (;B

;(*/,+� ;6� (5� 05:,;� (9,(� 6-� ;/,� )(*2� *(:,�� #/0:� 0:� ;/,� :(4,

5(4,73(;,� <:,+� 65� � �:� 7(34;67� *647<;,9� -(403@�

#/,� 9,:<3;� 6-� ;/,:,� */(5.,:� 0:� (� *647<;,9� 73(;-694� ;/(;� 0:

469,� 76>,9-<3� ;/(5� 0;:� 79,+,*,::69�� 0:� >,33B:<0;,+� ;6� ;/,

,5/(5*,+� <:,9� 05;,9-(*,� +,=,367,+� )@� ;/,� :6-;>(9,� ;,(4�� 0:

469,� =,9:(;03,� -69� )6;/� ;/,� <:,9� (5+� ;/,� +,:0.5� ,5.05,,9�

(5+� 0:� 3,::� ,?7,5:0=,� ;6� 796+<*,�� �;� :;(9;,+� (:� (� 796*,::69

<7.9(+,� (5+� ),*(4,� (� 4(169� 796+<*;� 04796=,4,5;�

����� �����
	
�

&0;/� ,(:,� 6-� 3,(9505.� (5+� ,(:,� 6-� <:,� ;/,� 7904(9@� .6(3:� -69

;/,� 5,>� � � �����'� *(3*<3(;69�� ;/,� <:,9� 05;,9-(*,� (5+� 4(5@

)<03;B05� (7730*(;065:� /(=,� ),,5� 3(9.,3@� 9,+,:0.5,+�

����
� ����	 � 796=0+,� ;/,� *64465� :;(9;05.� 7605;� -69� ;/,�

5,>� (5+� 9,>90;;,5� (7730*(;065:� 05� ;/,� � � �����'�� �66205.

4<*/� 302,� +0(36.� )6?,:� 05� (5� �773,� �(*05;6:/� 69� �0*96:6-;



��� � � � � � � � �7)756� ���
� �'9.'66<�#%-#4&� �1740#.

Fig. 13.� �� 6;2+%#.� +0276� (14/�

Label

Help
Line

Title

Field

Menu

!+0&195� ���� +0276� (14/5� 2418+&'� #� (+..<+0<6*'<$.#0-5� )7+&'

61� 6*'� +0276� 0''&'&� (14� #� 6#5-�� 2.75� #22.+%#6+10<52'%+(+%

/'07� -';5� (14� #%6+0)� 10� 6*#6� +0276�

�14� 5'.'%6+0)� #0� #22.+%#6+10� +0� #� 2#46+%7.#4� 612+%� #0&� (14

2+%-+0)� #0� +0276� (41/� #/10)� 5'8'4#.� %*1+%'5� 9'� &'8'.12'&

������� ������� #� 6;2'� 1(� 212<72� /'07� 6*#6� 57))'565� #.6'40#<

6+8'5� #0&� 0#44195� 6*'� +0276� (1%75�

!'� &'5+)0'&� �����
�� ������ 61� /#-'� (''&$#%-� 61� 6*'� 75'4

/14'� /#0#)'#$.'� 9+6*+0� 174� +0%4'#5+0).;� %419&'&� &+52.#;

52#%'�� �'55#)'� $1:'5� #22'#4� 10� 612� 1(� 9*#6'8'4� 6*'� 75'4� +5

914-+0)� 10� #0&� 2418+&'� /14'� (.':+$+.+6;� (14� (14/#66'&� /'5<

5#)'5� #0&� +%105� 6*#0� 6*'� 691<.+0'�� (+:'&<.1%#6+10� '4414� /'5<

5#)'5� 6*';� 4'2.#%'�� �*';� #.51� 24'5'48'� 6*'� %106':6� 6*#6� %#0

16*'49+5'� $'� .156� 9*'0� 51/'6*+0)� 57424+5+0)� *#22'05� 9+6*+0

#0� #22.+%#6+10�

��	
�� ��
��

�0� +0276� (14/� 2418+&'5� $16*� #� /'#05� 61� '06'4� &#6#� 2'46+0'06

61� #0� #22.+%#6+10� #0&� 12'4#6+105� 6*#6� 2'4/+6� 6*'� 75'4� 61� &+4'%6

#%6+105�

 +57#..;�� #0� +0276� (14/� %105+565� 1(� �5''� �+)�� �	��

• �� 6+6.'� 57))'56+0)� 6*'� (14/�5� 274215'
• �0'� 14� /14'� (+'.&5�� 6;2+%#..;� 9+6*� ':2.#0#614;� .#$'.5�� 9*+%*
#4'� 75'&� 61� )#6*'4� #0&� &+52.#;� 75'4� +0276

• �� *'.2� .+0'� 6*#6� &'6#+.5� 6*'� +0276� ':2'%6'&� +0� 6*'� 5'.'%6'&
(+'.&

• �'07� -';5� 6*#6� 2418+&'� /14'� 126+105� (14� 914-+0)� 9+6*+0� 14
':+6+0)� 6*'� +0276� (14/�

�#%*� +0276� (14/� (+'.&� %#0� $'� 10'� 1(� (174� 6;2'5�� �156� +0276

(14/5�� 57%*� #5� 6*'� Set Alarm� #0&� I/O Transfer � +0276� (14/5�� %10<
6#+0� 5'8'4#.� 14� #..� 6;2'5� 1(� (+'.&5�� ����� 	����� � #4'� 75'&� 61� '06'4

#4$+64#4;� ��� 
����"� 1$,'%65� .+-'� 4'#.� 07/$'45� #0&� /#64+%'5�

6*'� 1$,'%6� 6;2'5� #..19'&� #4'� 52'%+(+%� 61� '#%*� 6':6� (+'.&�� �0

�+)�� �
�� #� 6':6� (+'.&� +5� 75'&� 61� '06'4� #0� #.#4/� /'55#)'� +0� 6*'

Set Alarm� +0276� (14/�

!*'0� #� 5+0).'� %*1+%'� #/10)� 5'8'4#.� +5� 4'37+4'&�� ����� 	�����

#4'� 75'&� 61� '.+/+0#6'� +08#.+&� +0276� #0&� 61� *'.2� (1%75� 75'4

#%6+105�� �1� 5'.'%6� #0� '064;� +0� #� .+56� (+'.&�� #� %*115'� $1:� +5

&+52.#;'&�� �0� �+)�� ���� #� .+56� (+'.&� +5� 75'&� 61� 52'%+(;� 6*'� 64#05<

('4� (14/#6� +0� 6*'� I/O Transfer � +0276� (14/�

�1/'6+/'5� 10.;� #� 5+/2.'� ;'5<01�� &1<14<&10�6� 6;2'� 1(� %*1+%'

+5� 0''&'&�� �14� 6*+5� 9'� 75'� ����
� 	������� �+)�� ��� 5*195� *19

6*'� 18'494+6'� �OVWR�� (+'.&� +5� 75'&� 61� 52'%+(;� 9*'6*'4� 14� 016
#0� ':+56+0)� 8#4+#$.'� 5*17.&� $'� 18'494+66'0�

�+0#..;�� 9*'0� #4$+64#4;� +0276� +5� 2155+$.'� $76� .1)+%#.� %*1+%'5

#4'� #.51� #8#+.#$.'�� ��������� ���������� 	����� � #4'� '/2.1;'&�� �0

Fig. 14.� �5+0)� #� 6':6� (+'.&� +0� #0� +0276� (14/�

EDIT

6*'� Transfer � +0276� (14/�� 6*'� Name � (+'.&� +5� #� %1/$+0'&� (+'.&
6*#6� 2'4/+65� 0'9� 0#/'5� 61� $'� '06'4'&� 14� 6*'� 0#/'5� 1(� ':+56<

+0)� ��� 
����"� 8#4+#$.'5� 14� ��� (+.'5� 61� $'� 5'.'%6'&� �5''� �+)�

�
��

�5� 6*'� (+)74'5� +..7564#6'�� '#%*� 1(� 6*'� 6*4''� $#5'� (+'.&� 6;2'5

*#5� #551%+#6'&� 9+6*� +6� #� &'&+%#6'&� /'07� -';� 6*#6� 64+))'45� 6*'

70+37'� ('#674'� 1(� 6*#6� (+'.&� 6;2'�� �*+5� ('#674'� +5� #0� +/2146#06

2#46� 1(� *19� 9'� /#+06#+0'&� #� %#.%7.#614� -';<2'4<(70%6+10<

56;.'� +06'4(#%'� 9+6*+0� 6*'� %10564#+065� 1(� #� 5/#..� &+52.#;� #0&

9+6*� 01� 21+06+0)� &'8+%'�� �0� 16*'4� )4#2*+%#.� 75'4� +06'4(#%'5�

8+57#.� '.'/'065� 57%*� #5� .+56� #44195� #4'� #%6+8#6'&� $;� /175'

%.+%-5� 61� '.+%+6� &+(('4'06� $'*#8+145� (41/� (+'.&5�� �0� 6*'� ��

Fig. 15.� �5+0)� #� .+56� (+'.&� +0� #0� +0276� (14/�

CHOOS



�5'534� 	���� �%7,%44;�!#+!2$� �/52.!,� � � � � � � ��

Fig. 16.� �3).'� !� #(%#+� &)%,$� ).� !.� ).054� &/2-�

�CHK

�
��� �� 4(%� 53%2�3� &).'%2� !#43� !3� 4(%� 0/).4).'� $%6)#%�� 42)''%2;

).'� 4(%� $%3)2%$� "%(!6)/2� "9� 02%33).'� 4(%� !002/02)!4%� !#4)/.

"544/.� &/2� %!#(� &)%,$�� �/.3)34%.4� ,/#!4)/.� /&� 4(%� 4(2%%� 490%3

/&� !#4)/.� "544/.3� (%,03� 4(%� 53%2� .!6)'!4%� !.� ).054� &/2-

#/.&)$%.4,9�

�/-%� ).054� &/2-� -%.5� +%93� 0%2&/2-� !00,)#!4)/.;30%#)&)#

/0%2!4)/.3<&/2� %8!-0,%�� DRAW� ).� Plotting�� �.� 4(%� 3%#/.$� 2/7
/&� 4(%� ).054� &/2-� -%.5� !2%� -/2%� !$6!.#%$� ).054� &/2-� /0%2!;

4)/.3� &/2� 2%3%44).'� !� &)%,$� /2� 4(%� %.4)2%� &/2-�� $)30,!9).'� 4(%

/"*%#4� 490%3� !,,/7%$� ).� !� &)%,$�� !.$� 4%-0/2!2),9� !##%33).'� 4(%

53%2� 34!#+� 4/� #!,#5,!4%� /2� -/$)&9� !� &)%,$� 6!,5%�

�����
� ���
�

�(//3%� "/8%3� !2%� 53%$� 4/� -!+%� !� #(/)#%� ).� !.� ).054� &/2-

,)34� &)%,$�� �(%9� !2%� !,3/� 53%$� ).� -/34� 35"*%#4� !2%!3� 4/� #(//3%

Fig. 17.� �3).'� !� #/-").%$� 4%84�,)34� &)%,$� ).� !.� ).054� &/2-�

CHOOS

Fig. 18.� �� 490)#!,� #(//3%� "/8�

!� 30%#)&)#� !00,)#!4)/.� &2/-� !-/.'� 3%6%2!,�� �)'�� 	
� 3(/73� 4(%

#(//3%� "/8� 4(!4� )3� $)30,!9%$� 7(%.� 4(%� STAT � +%9� )3� 02%33%$� 4/
0%2&/2-� 34!4)34)#!,� #!,#5,!4)/.3�

�(%.� #)2#5-34!.#%3� 2%15)2%�� #(//3%� "/8%3� #!.� ).#,5$%� !.9

/2� !,,� /&� 3%6%2!,� !$6!.#%$� &%!452%3�� �(%� �%-/29� �2/73%2

!00,)#!4)/.�� &/2� %8!-0,%�� )3� !#45!,,9� !� -!8)-5-;3):%� #(//3%

"/8� %-"%,,)3(%$� 7)4(� !� 4)4,%�� -5,4)#(/)#%� #!0!"),)49�� !.$� !

#534/-� -%.5� �3%%� �)'�� 	���

�
��	�
� ���
�

�%33!'%� "/8%3� !2%� 53%$� 02)-!2),9� &/2� 2%0/24).'� %22/23� 4(!4

2%15)2%� !44%.4)/.� "%&/2%� 02/#%%$).'�� �/2� %8!-0,%�� )&� 4(%� 53%2

!44%-043� 4/� %.4%2� !� 6%#4/2� ).� 4(%� EXPR� &)%,$� /&� 4(%� Integrate
).054� &/2-�� !� -%33!'%� "/8� !00%!23� 4/� ).&/2-� 4(%� 53%2� /&� 4(%

02/",%-� �3%%� �)'�� 
���

�/-%� !00,)#!4)/.3� !,3/� 53%� -%33!'%� "/8%3� 4/� ')6%� !$$)4)/.!,

).&/2-!4)/.�� �/2� %8!-0,%�� ).� 4(%� Solve Equation � ).054� &/2-�� 4(%
53%2� #!.� 02%33� INFO� !.9� 4)-%� !&4%2� !� 3/,54)/.� (!3� "%%.� &/5.$
4/� 2%6)%7� 4(%� 3/,54)/.� !.$� $%4%2-).%� (/7� )4� 7!3� #!,#5,!4%$

�3%%� �)'�� 
	��

������ ����� ����
�
��	�
��

�/2� 4(%� ��� �
��� �� 7%� $%6%,/0%$� !.� ���� 4//,� #!,,%$� 4(%

0!2!-%4%2):%$� /54%2� ,//0�� 4/� 30%%$� $%6%,/0-%.4� /&� .%7

).4%2&!#%3� 35#(� !3� 4(%� �!42)8�2)4%2� "9� !54/-!4).'� 2/54).%

+%9� !.$� %22/2� (!.$,).'� !.$� $)30,!9� -!.!'%-%.4�� �(%� ).054

&/2-3� ).� 4(%� .%7� ��� �
��� � %-"2!#%� 4()3� #/.#%04<).� &!#4�

4(%� ).054� &/2-3� %.').%� )3� !� 0!2!-%4%2):%$� /54%2� ,//0� !00,);

#!4)/.<!.$� 4!+%� )4� /.%� 34%0� &!24(%2� 4/� !54/-!4%� 2/54).%� -!4;

4%23� /&� !00,)#!4)/.� ).054� %.429� !.$� 3%,%#4)/.� /&� /04)/.3�� �(%

).054� &/2-3� %.').%� "2).'3� !� 5.)&/2-� ).4%2&!#%� 4/� !,,� .%7� ��

�
��� � !00,)#!4)/.3�

�(),%� .!22/7,9� &/#53).'� 4(%� 4!3+� /&� !00,)#!4)/.� $%6%,/0-%.4

"9� -!.!').'� #/--!.$� ).054� 4!3+3�� 4(%� ).054� &/2-3� %.').%

!,3/� ,%!6%3� -5#(� 2//-� &/2� 4(%� #534/-):!4)/.� 4(!4� (%,03� /04);

-):%� 4(%� ��� �
��� � &/2� %!3%� /&� 53%�� �).#%� !.� )-0/24!.4

-%!352%� /&� /52� 02/'2%33� 4/7!2$3� /52� '/!,3� &/2� 4(%� #!,#5,!4/2

Fig. 19.� �(%� �%-/29� �2/73%2�� !� #/-0,%8� #(//3%� "/8�



��� � � � � � � � �4&423� �


� �$6+$33:� "* 1#� �.41- +

Fig. 20.� �� 38/(" +� ,$22 &$� !.7�

6 2� 3.� !$� %$$#! "*� %1.,� 38/(" +� 42$12� 3'1.4&'.43� 3'$� #$5$+:

./,$-3� "8"+$�� 6$� #$2(&-$#� 3'$� (-/43� %.1,2� $-&(-$� %1.,� 3'$

&1.4-#� 4/� 3.� !$� '(&'+8� "423.,(9 !+$�� �'(2� 6 2�  "".,:

/+(2'$#� (-�  � /1.&1 ,,$1:%1($-#+8� , --$1� !8� (-"+4#(-&� .5$1

%(%38� '..*2� (-3.� 3'$� (-/43� %.1,2� $-&(-$�2� 1$2/.-2$2� 3.� $73$1:

- +�  -#� (-3$1- +� ���
���� �����
��� ���
���  1$� 31(&&$1$#� !8� 42:

$12�  -#� (-"+4#$� +.6:+$5$+� $5$-32� 24"'�  2� *$8� /1$22$2�  -#

'(&':+$5$+� $5$-32� 24"'�  2� ".,/+$3(.-� .%�  � %($+#� $-318�� �
����


��� ���
���  1$� 424 ++8�  "3(5 3$#� !8� $73$1- +� $5$-32�� 24"'�  2

%.1, 33(-&�  � ".,/+$3$#� %($+#� $-318� %.1� /1./$1� #(2/+ 8�� �

2(-&+$� $73$1- +� $5$-3� " -� 31(&&$1�  � ' +%� #.9$-� .1� ,.1$� (-3$1:

- +� $5$-32��  ++� .%� 6'("'�  1$� "423.,(9 !+$�

�-/43� %.1,�  //+(" 3(.-2� " -� "423.,(9$�  -8� .1�  ++� %.1,:+$5$+

$5$-32� 24"'�  2� 3(3+$� #(2/+ 8� .1� %($+#� $5$-32� 24"'�  2� #(2/+ 8(-&

 � '$+/� +(-$�� � "'� %($+#� ' 2�  � �
���� ��������� �  22."( 3$#� 6(3'

(3��  -#� 3'$� $-3(1$� %.1,� ' 2�  � ����� ��������� �  22."( 3$#� 6(3'

(3�� �'$-$5$1�  -� $5$-3� .""412�� 3'$�  //1./1( 3$� %($+#� .1� %.1,

/1."$#41$� (2� " ++$#� 6(3'�  -� (#$-3(%8(-&� $5$-3� -4,!$1�  -#

/$1' /2�  ##(3(.- +� (-%.1, 3(.-�� �%� 3'$� /1."$#41$� #.$2� -.3

"423.,(9$� 3'$� $5$-3�� (3� 1$341-2� FALSE � 3.� 3'$� (-/43� %.1,2� $-:

&(-$�� �%� (3� #.$2� "423.,(9$� 3'$� $5$-3�� 3'$� /1."$#41$� /$1%.1,2

3'$� "423.,� !$' 5(.1�  -#� 1$341-2� TRUE�� �-� 3'(2� , --$1�� $5$18

$5$-3� %(123� 04$1($2� 3'$� /1./$1� %.1,� .1� %($+#� /1."$#41$� 3.

#$3$1,(-$� (%� "423.,� !$' 5(.1� (2� -$$#$#�� 3'$-� ' -#+$2� 3'$

$5$-3� -.1, ++8� .-+8� (%� (3� (2-�3� "423.,(9$#�� �%�  � %.1,� .1� %($+#

' 2� -.� "423.,� !$' 5(.1�� (3� 2/$"(%($2�  � #$% 4+3� /1."$#41$� 3' 3

04("*+8� 1$2/.-#2� FALSE � 3.�  ++� $5$-3� 04$1($2�

�'$� 1$ 2.-� %.1�  � %.1,� /1."$#41$�  -#� ,4+3(/+$� %($+#� /1."$:

#41$2� (2� 3.� 2/1$ #� 3'$� !41#$-� .%� "423.,(9 3(.-� 3'1.4&'.43

3'$� %.1,�� �(-"$� $ "'� %($+#� /1."$#41$� .-+8� "'$"*2� %.1� 3'$

$5$-32� 3' 3� /$13 (-� 3.� (3��  -#� 2(-"$� 3'$� %.1,� /1."$#41$� .-+8

"'$"*2� %.1� %.1,:+$5$+� $5$-32�� -.� 2(-&+$� $5$-3� /1."$22(-&� (2

2+.6$#� !8�  � '(&'+8� "423.,(9$#� %.1,� 3' 3� 6.4+#� .3'$16(2$

' 5$� 3.� ".,/ 1$� 3'$� $5$-3� -4,!$1�  & (-23�  � +$-&3'8� +(23� .%

$5$-3�  -#� %($+#� ".,!(- 3(.-2�

�.1� 3'$� ��� 
������ /1.)$"3� 6$� -$$#$#�  -.3'$1� + 8$1� .%

1$&4+ 1(38� -.3� $-%.1"$#� !8� 3'$� (-/43� %.1,2� $-&(-$�� �$" 42$

6$� 2.4&'3�  -#� 1$ "3$#� 3.� 42 !(+(38� %$$#! "*�  +,.23� 4-3(+� 3'$

Fig. 21.� �'$� Solve Equation INFO � ,$22 &$� !.7�

".#$� 6 2� 1$+$ 2$#� 3.� /1.#4"3(.-�� 3'$� 42$1� (-3$1% "$� #$3 (+2

%.1� $ "'� 24!)$"3�  1$ � 6$1$� 24!)$"3� 3.� ".-23 -3� "' -&$�� �3� 6 2

(,/$1 3(5$�� 3'$1$%.1$�� 3' 3� 6$� , (-3 (-�  � 231("3�  -#� %.1, +

#(5(2(.-� !$36$$-� 4-"' -&(-&�  -#� 6$++:4-#$123..#� 3 2*2;

24"'�  2� &$33(-&�  -#� 2 5(-&� /1.!+$,� #., (-� (-%.1, 3(.-�  -#

" +"4+ 3(-&� 1$24+32; -#� 3'$� 42$1� (-3$1% "$� #$3 (+2� 3' 3� 6$1$

"' -&(-&� 1$&4+ 1+8�� �$� #$5$+./$#�  � 2$3� .%� ".-5$-3(.-2� 3' 3

6$1$� $,!.#($#� (-� 6' 3� 6$� " ++$#� ���
����
�
� �
����� �$� 42$#

- ,(-&� 14+$2�  -#� ".-231 (-$#� 1$2/.-2(!(+(3($2� 3.� &1$ 3+8� ,(3(:

& 3$� 3'$� $%%$"32� .%� 42$1� (-3$1% "$� "' -&$2� .-� 3'$� 4-#$1+8(-&

/1.!+$,:2.+5(-&� %4-"3(.- +(38�� �.1� $7 ,/+$�� .-$� ���� 6.1#� (-

3'$� /+.33(-&� 31 -2+ 3(.-� %(+$� ' 2� 3'$� 2(,/+$� 3 2*� .%� 1$ #(-&� 3'$

"411$-3� '.1(9.-3 +� /+.3� 1 -&$� %1.,� " +"4+ 3.1� ,$,.18�� �(-"$

3'$� 6.1#� ' 2� -.� /1$24,/3(.-2�  !.43� '.6�  -#� 6'$-� (3� 6(++

!$� " ++$#�� 1$%$1$-"$2� 3.� (3� ".4+#� !$� � -#� .%3$-� 6$1$�

"' -&$#�  1.4-#�  2� 3'$� %($+#2� /./4+ 3(-&� 3'$� /+.33(-&� (-/43

%.1,� 6$1$� 6.1*$#� .43�

�
����� ���� ���������	����

�'$� "'..2$� !.7� $-&(-$� (2� 5$18� ,4"'� +(*$� 3'$� (-/43� %.1,2

$-&(-$�� �.1� "423.,(9 3(.-�� 3'$� /1.&1 ,,$1� " -� 24//+8�  

�	����� ��������� � 3' 3� 1$2/.-#2� 3.� 	�� ,$22 &$2�

�� %$ 341$� .%� "'..2$� !.7$2� 3' 3� 2(,/+(%($2� 3'$(1� 42$� (2� 3'$

./3(.-;'$ 5(+8� 42$#� !8� 3'$� !4(+3:(-�  //+(" 3(.-2;.%� (3$,2

3' 3� $-" /24+ 3$� !.3'� #(2/+ 8�  -#� $5 +4 3(.-� # 3 �� �.1� $7 ,:

/+$�� 6'$-�  -�  -&+$� ,$ 241$;#$&1$$2�� 1 #( -2�� .1� &1 #2;(2

3.� !$� "'.2$-� (-� "$13 (-� (-/43� %.1,2�� 3'$� "'..2$� !.7� $-&(-$

#(2/+ 82� /+ (-� #$2"1(/3(.-2� !43� 1$341-2�  -� ���� /1.&1 ,� 3' 3

2$32� 3'$� 2$+$"3$#�  -&+$� ,$ 241$�� �'(2� "(1"4,5$-32� 3'$� -$$#

%.1� !1 -"'(-&�  "".1#(-&� 3.� 3'$� 1$341-$#� .!)$"3�  -#� 2(,/+(%($2

3'$� $73$-2(.-� .%� "'.("$2�

��������� ��������� 	�
� �����

�-(3( +� %$$#! "*� %1.,� 3'$� $#4" 3(.- +�  #5(2.18� ".,,(33$$

 -#� 42$1� 1$5($62� 24&&$232� 3' 3� 3'$� 42$� .%� (-/43� %.1,2�  -#

.3'$1� &1 /'(" +� 42$1� (-3$1% "$� $+$,$-32� ' 2� &1$ 3+8� (,/1.5$#

3'$� $ 2$� .%� 42$� .%� 3'$� ��� 
������ .5$1� 3'$� ��� 
������

�.6$5$1�� 3'$� / 3'� 6$� 3..*� 3.� 3'(2�  "".,/+(2',$-3� 6 2

,.1$� "' ++$-&(-&� 3' -� 6$� /+ --$#�

�5$-3� "423.,(9 3(.-�� .1(&(- ++8� ".-"$(5$#�  2�  � ,$ -2� 3.� $7:

3$-#� 3'$� %4-"3(.- +(38� .%� (-/43� %.1,2� (-� 4-%.1$2$$-� 6 82�

341-$#� .43� 3.� !$�  � *$8� ".,/.-$-3� .%� .41�  !(+(38� 3.� /1.3.38/$

-$6� 42$1� (-3$1% "$� (#$ 2� 1 /(#+8�� �2� 3'$(1� - ,$� , 8� (,/+8�

3'$� .1(&(- +� (-3$-3� .%� (-/43� %.1,2� 6 2� 5$18� ,.#$23� ".,/ 1$#

3.� 3'$� 1.+$� 3'$8� -.6� /+ 8�� �$� #$2(&-$#� (-/43� %.1,2� 3.� !$

3'$� 23 -# 1#� ,$ -2� !8� 6'("'�  //+(" 3(.-2� & 3'$1� # 3 � %.1�  

3 2*�� �-$� .1� ,.1$� (-/43� %.1,2� 6.4+#� !$� #(2/+ 8$#�  2� -$"$2:

2 18� 6(3'(-� 3'$� ".-3$73� .%�  -.3'$1�� 4-#$%(-$#��  //+(" 3(.-

".-3$73�� �'(2� .1(&(- +� ".-"$/3� (2�  //+($#� 24""$22%4++8

3'1.4&'.43� 3'$� " +"4+ 3.1�� �.1� $7 ,/+$�� (-� 3'$� �$,.18

�1.62$1�� 6'$-� NEW� (2� /1$22$#� 3.� "1$ 3$�  � -$6� 5 1( !+$��  -

(-/43� %.1,� (2� 42$#� 3.� &$3� 3'$� (-%.1, 3(.-� 1$04(1$#� �2$$� �(&�

		��� �-� 3'(2� ".-3$73�� 3'$� 42$1� " -� #.� .-+8� 3'1$$� 3'(-&2� (-� 3'$

(-/43� %.1,�� $-3$1� # 3 �� " -"$+� 3'$� %.1,�� .1�  ""$/3� �OK�� 3'$
%.1,�� �'(2� 2(,/+$� !43� $%%$"3(5$� !$' 5(.1� 6 2� 3'$� ,.#$+� 42$#

%.1� 3'$� .1(&(- +� (-/43� %.1,� #$2(&-�

�2� 3'$� /1.)$"3� #$5$+./$#�� '.6$5$1�� (3� !$" ,$�  // 1$-3� 3' 3

 -� (-/43� %.1,� ".4+#� 2$15$� -.3� .-+8�  2�  � (-%.1, 3(.-� & 3'$1$1

!43�  +2.�  2�  -�  "3(.-� #(1$"3.1�� �-/43� %.1,2� 3'42� &1 #4 3$#

%1.,� 2(,/+$� #( +.&� !.7$2� 3.� %4++:%+$#&$#�  //+(" 3(.-�

$-5(1.-,$-32�



�9+978� 	���� �);0)88@�%'/%6(� �3962%0� � � � � � � ��

Fig. 22.� �)136=� �63;7)6� NEW� -2498� *361�

�28)6)78-2+0=�� 23� 1%.36� ',%2+)7� 83� 8,)� -2498� *3617� )2+-2)

;)6)� 2)')77%6=� 36� ):)2� ()7-6%&0)� 83� 7944368� 8,)-6� 2);� 630)�

�278)%(�� 8,)� )77)2')� 3*� -2498� *361� *92'8-32%0-8=� 6)1%-2)(

%0;%=7� (%8%� 1%2%+)1)28�� %2(� 8,)� ):)287� '97831->%8-32� ;%7

%440-)(� 7)0)'8-:)0=� ;,)6)� 2))()(� 83� )2,%2')� %440-'%8-32

*3617�

�2� %� 7-1-0%6� 1%22)6�� 8,)� ):)28@(6-:)2� ',337)� &3<� )2+-2)� ;%7

):)289%00=� 46)77)(� -283� 7)6:-')� %7� %� 43;)6*90� &%7)� *36� 0-78@

78=0)� %440-'%8-327� 0-/)� 8,)� �)136=� �63;7)6�

�,)� '31&-2%8-32� 3*� 0)%2�� *3'97)(�� 78%2(%6(� *)%896)� 7)87� *36

-2498� *3617� %2(� ',337)� &3<)7� %2(� ,-+,� '97831->%&-0-8=

463:)(� -2:%09%&0)� (96-2+� 8,)� '%0'90%836� ()7-+2� 6)*-2)1)28�

�,639+,398� 8,)� 1-((0)� 4368-32� 3*� 8,)� 463.)'8�� ;,)2� 8,)

&%7-'7� ,%(� &))2� 7)880)(� &98� 1%2=� 97)6� -28)6*%')� ()8%-07� ;)6)

78-00� 92'0)%6�� ;)� ;)6)� %&0)� 83� 463838=4)� 2);� -()%7� 59-'/0=

%2(� 6)%0-78-'%00=� &=� '97831->-2+� ):)28� 6)74327)7�

�6%270%8-32� *-0)7� ;)6)� %238,)6� ():)0341)28� )**368� 8,%8� ,)04)(

97� /))4� 8,)� ()7-+2� %2(� -140)1)28%8-32� 13:-2+� *36;%6(�

�3;):)6�� ;)� 0)%62)(� 3:)6� 8-1)� 8,%8� 8,)-6� 3:)6,)%(� '%97)(

731)� (940-'%8-32� 3*� '3()� %2(� -2)**-'-)2'=� 83� '6))4� -283� 8,)

-28)6*%')� &)8;))2� 8,)� -2498� *3617� %2(� 8,)� '%0'90%836� 1%-2@

*6%1)�� !)� %((6)77)(� 8,-7� -779)� ;,)6)� 4377-&0)� &=� 1%/-2+

7-140)� %2(� 7%*)� '3()� 79&78-898-327� ;,-0)� 0)%:-2+� 8,)� -28)6@

*%')� '32')487� -28%'8� 83� )2%&0)� ,-+,@'32*-()2')� '3()� ()*)'8

*-<)7� 0%8)� -2� 8,)� 463.)'8�� �2� )**)'8�� ;)� 1%()� %� ',3-')� &)8;))2

1%-28%-2%&-0-8=� %2(� ,-+,� 4)6*361%2')� 8,%8� 78-00� 6)1%-27� %

'32863:)67-%0� 834-'� %132+� 8,)� ��� �
���"� ():)034)67�

��� �	����
�

�,)� *92'8-32%0-8=� ()7'6-&)(� -2� 8,-7� 7)'8-32� -7� %� 79-8)� 3*� ��

+6%4,-2+� %2(� :-);-2+� 98-0-8-)7� *36� 8,)� ��� �
���"�� !)� ,%(

7):)6%0� 6)59-6)1)287� 83� '327-()6� -2� '6)%8-2+� 8,)7)� 6398-2)7�

�96� %-17� ;)6)� 8,%8� 8,)=� &)� 47=',303+-'%00=� )**)'8-:)� %2(

6)59-6)� 320=� %� 71%00� %13928� 3*� '3()�

�2� )<4036-2+� :-79%0->%8-32� 8)',2-59)7� 32� %� :%6-)8=� 3*� 1%@

',-2)7� ;)� *392(� 8,%8� -2'6)%7-2+� ?6)%0-71�� �6%=@86%')(�

�,32+@7,%()(�� ,-(()2@0-2)�� )8'��� -2� 8,)� +6%4,-'%0� 46)7)28%@

8-32� 3*� *92'8-327� 3*� 8;3� :%6-%&0)7� (-(� 238� 2)')77%6-0=� '366)@

0%8)� ;-8,� -2'6)%7-2+� )%7)� 3*� '3146),)27-32�� �,)� ��� �
���"

6398-2)7� 6)46)7)28� 8,)� 6)79087� 3*� 731)� 3*� 8,)7)� )<4)6-1)287

�-2'09(-2+� 8-1)@83@'3140)8-32� %7� %2� -14368%28� *%'836��

�00� 3*� 8,)� ��� 40388-2+� 6398-2)7� %6)� -28)2()(� %7� 7)%10)77� )<@

8)27-327� 3*� 8,)� 38,)6� &9-08@-2� 40388-2+� 98-0-8-)7�� �2� 4%68-'90%6�

8,)=� 7,%6)� 8,)� 7%1)� 78%2(%6(� 97)6� -28)6*%')� %2(� %6)� 7)0)'8)(

%7� %08)62%8-:)� 4038� 8=4)7�� �,)� ��� 40388-2+� 6398-2)7� %6)� SLOPE-
FIELD�� WIREFRAME�� YSLICE�� PCONTOUR�� GRIDMAP�� %2(� PARSUR-
FACE�

�-/)� 8,)� 38,)6� 40388-2+� 6398-2)7�� %00� 8,)� ��� 40388-2+� 6398-2)7

%7791)� 8,%8� 8,)� *92'8-32� 3*� -28)6)78� -7� 7836)(� -2� EQ��� �968,)6�
8,)=� %7791)�� &=� ()*%908�� 8,%8� 8,)� *92'8-32� -7� 6)46)7)28)(� %7

%2� )<46)77-32� -2� 8,)� :%6-%&0)7� "� %2(� #A*36� )<%140)�� 9�:� �

7-2�9�:�� -7� 6)46)7)28)(� %7� ����"�#�� -2� EQ�� �,)� 97)� 3*� 38,)6
:%6-%&0)� 2%1)7� -7� 463:-()(� *36� &=� -2498� *361� 348-327� 36� &=

8,)� INDEP� %2(� DEPEND� /)=;36(7�

!,-0)� 8,-7� 7)'8-32� -7� 8-80)(� ?��� �0388-2+��� %� &)88)6� 2%1)� ;390(

&)� ?:-79%0->%8-32� 8)',2-59)7� *36� *92'8-327� 3*� 8;3� :%6-%&0)7��

�,-7� ;390(� '3:)6� 8,)� 4)674)'8-:)� :-);� 3*� 8,)� +6%4,� 3*� %

7'%0%6� *92'8-32� 3*� 8;3� :%6-%&0)7� �WIREFRAME��� 8,)� 70-'-2+� :-);
3*� %� 7'%0%6� *92'8-32� 3*� 8;3� :%6-%&0)7� �YSLICE��� 8,)� '328396@
1%4� :-);� 3*� %� 7'%0%6� *92'8-32� 3*� 8;3� :%6-%&0)7� �PCONTOUR��
8,)� 7034)� -28)646)8%8-32� 3*� %� 7'%0%6� *92'8-32� 3*� 8;3� :%6-%&0)7

�SLOPEFIELD��� 8,)� 1%44-2+� +6-(� :-79%0->%8-32� 3*� %� 8;3@:)'836@
:%09)(� *92'8-32� 3*� 8;3� :%6-%&0)7� �GRIDMAP��� %2(� 8,)� -1%+)
+6%4,� 3*� %� 8,6))@:)'836@:%09)(� *92'8-32� 3*� 8;3� :%6-%&0)7

�PARSURFACE��

�-:)2� 8,-7� 92-8=� 3*� 496437)�� 8,)6)� -7� '327-()6%&0)� 3:)60%4� -2

8,)� +03&%0� 4%6%1)8)67� �348-327�� 97)(� -2� 8,)7)� 6398-2)7�� �,)7)

40388-2+� 4%6%1)8)67� %6)� 7836)(� -2� 8,)� :%6-%&0)� VPAR�� %2%03+397
83� PPAR��� �,)� 1%-2� (%8%� 7869'896)� 7836)(� -2� VPAR� ()7'6-&)7� 8,)
����� ���
���� %� 6)+-32� -2� %&786%'8� 8,6))@(-1)27-32%0� 74%')� -2

;,-',� 1378� 3*� 8,)� :-79%0->%8-327� 3''96� �7))� �-+�� 
���

VPAR� 59%28-8-)7� '3286300-2+� 8,)� :-);� :3091)� %6)�
• "0)*8� %2(� "6-+,8�� '3286300-2+� 8,)� ;-(8,� 3*� 8,)� :-);� :3091)
• #*%6� %2(� #2)%6�� '3286300-2+� 8,)� ()48,� 3*� 8,)� :-);� :3091)
• $03;� %2(� $,-+,�� '3286300-2+� 8,)� ,)-+,8� 3*� 8,)� :-);� :3091)
• ")�� #)�� %2(� $)�� 8,)� '336(-2%8)7� 3*� 8,)� �
�� ����	�

�2� %((-8-32� 83� 8,)7)�� VPAR� '328%-27� 38,)6� 59%28-8-)7� 97)(� &=
731)� 3*� 8,)� 6398-2)7�� �,)7)� %6)�

• ""0)*8� %2(� ""6-+,8�� %2� %08)62%8-:)� "� -2498� 6%2+)�� 97)(� *36
GRIDMAP� %2(� PARSURFACE

• ##*%6� %2(� ##2)%6�� %2� %08)62%8-:)� #� -2498� 6%2+)�� 97)(� *36
GRIDMAP� %2(� PARSURFACE� �238)� 8,%8� 8,-7� (-**)67� *631� 8,)� '96@
6)28� �9-8)��� -28)646)8%8-32�

• �<� %2(� �=�� 8,)� 291&)6� 3*� "� %2(� #� -2'6)1)287� ()7-6)(�� 97)(
-2� %00� 3*� 8,)� 6398-2)7� -278)%(� 3*� 36� -2� '31&-2%8-32� ;-8,� RES�

SLOPEFIELD
�,)� SLOPEFIELD � 4038� 8=4)� (6%;7� %� 0%88-')� 3*� 0-2)� 7)+1)287
;,37)� 7034)7� 6)46)7)28� 8,)� *92'8-32� :%09)� %8� 8,)-6� ')28)6

43-28��  7-2+� SLOPEFIELD � 83� 4038� *�<�=�� %003;7� =396� )=)� 83� 4-'/
398� -28)+6%0� '96:)7� 3*� 8,)� (-**)6)28-%0� )59%8-32� (=�(<� �� *�<�=��

�8� -7� 59-8)� 97)*90� -2� 92()678%2(-2+� 8,)� %6&-86%6=� '3278%28� -2

%28-()6-:%8-:)7�

�,)� 291&)6� 3*� 0%88-')� 43-287� 4)6� 63;� -7� ()8)61-2)(� &=� �<
%2(� 8,)� 291&)6� 3*� 0%88-')� 43-287� 4)6� '30912� -7� ()8)61-2)(

Fig. 23.� VPAR� 4%6%1)8)67� -2� 6)0%8-32� 83� 8,)� :-);� :3091)�

Top View

Y

View Screen

View VolumeZ

X

Zhigh

Zlow

Yfar

Ynear

Xleft Xright

(Xe, Ye, Ze)

Y

X
Xleft Xright

Yfar

Ynear

(Xe, Ye, Ze)

View Screen 1 Unit



��� � � � � � � � �?1?=>� ����� �/A6/>>F"+-5+<.� �9?<8+6

Fig. 24.� SLOPEFIELD� :69>� 90� .B	.>� �� =38�B>��

(2,3.6
)

(0,2.8
)

Superimposed
Integral Curve

,C�  C�� $2/� 38:?>� </1398� =+7:6/.� 3=� 13@/8� ,C� &6/0>�&�&<312>
+8.� '8/+<�'�'0+<�

$2/� 38:?>� 09<7� 38� >23=� -+=/� +669A=� >2/� ?=/<� >9�

• �299=/� 9<� /8>/<� >2/� ./038381� /B:</==398� 09<� >2/� 0?8->398� >9
,/� :69>>/.

• �299=/� >2/� 8+7/=� 90� >2/� >A9� @+<3+,6/=� �3./8>3-+6� >9� INDEP
+8.� DEPEND�

• �299=/� &6/0>� +8.� &<312>� �./0+?6>� >9� >2/3<� -?<</8>� @+6?/�� 9<
XRNG� 30� 89� -?<</8>� @+6?/�

• �299=/� '8/+<� +8.� '0+<� �./0+?6>� >9� >2/3<� -?<</8>� @+6?/�� 9<
YRNG� 30� 89� -?<</8>� @+6?/�

• �299=/�  B� +8.�  C� �./0+?6>� >9� >2/3<� -?<</8>� @+6?/� 9<� �
� +8.� �
30� 89� -?<</8>� @+6?/�

• %/<30C� +8.	9<� -299=/� RADIANS�� DEGREES�� 9<� GRADS� 79./�

�8� ><+-/� 79./� 09<� SLOPEFIELD�� >2/� +<<9A� 5/C=� 4?7:� >2/� -?<=9<
0<97� =+7:6/� :938>� >9� =+7:6/� :938>� 38.3-+>381� ,9>2� >2/� -99<F

.38+>/=� 90� >2/� =+7:6/� :938>� +8.� >2/� @+6?/� 90� >2/� =69:/� +>� >2+>

:938>�

Example Problem�� �/>/<738/� 1<+:23-+66C� A2/>2/<� +66� =96?>398=
90� >2/� .300/</8>3+6� /;?+>398� .B	.>� �� =38�B>�� A3>2� 383>3+6� -98.3F

>398=� 
�
�B�
��
��� =+>3=0C� ����B�>��
��� 09<� +66� >� 38� )
��*�

Solution�� �299=/� SLOPEFIELD � :69>� >C:/� +8.� /8>/<� SIN(X*T) � +=
>2/� -?<</8>� /;?+>398�� �299=/� T � +=� >2/� 38./:/8./8>� @+<3+,6/
+8.� X� +=� >2/� ./:/8./8>� @+<3+,6/�� �299=/� 
� +=� &6/0>�� �� +=
&<312>�� ���� +=� '8/+<�� +8.� 
��� +=� '0+<�� %/<30C� RADIANS� 79./�� +8.
.<+A� >2/� </=?6>�� �=� =//8� 38� �31�� ���� +679=>� +66� 90� >2/� 38>/1<+6

-?<@/=� 38� >23=� </1398� 6/+@/� >2/� A38.9A� /3>2/<� >2<9?12� >2/

>9:� 9<� >2/� ,9>>97�� $2/</09</�� 89>� +66� >2/� 38>/1<+6� -?<@/=

=+>3=0C� ����B�>��
��� 09<� >� 38� )
��*�

WIREFRAME
$2/� WIREFRAME� :69>� >C:/� .<+A=� +8� 9,63;?/F@3/A�� :/<=:/-F
>3@/�� 
�� :69>� 90� +� A3</0<+7/� 79./6� 90� >2/� =?<0+-/� ./>/<F

738/.� ,C� D� �� 0�B�C��� $2/� 0?8->398� ./>/<738/.� ,C� >2/� -?<</8>

/;?+>398� 3=� =+7:6/.� 38� +� 1<3.� A3>2�  B� =+7:6/=� 38� /+-2� <9A

+8.�  C� =+7:6/=� 38� /+-2� -96?78�� �+-2� =+7:6/� 3=� :/<=:/->3@/F

:<94/->/.� 98>9� >2/� @3/A� =-<//8� +6981� >2/� 638/� -988/->381� >2/

=+7:6/� +8.� >2/� /C/� :938>� �=//� �31�� ����

 /312,9<381� =+7:6/=� +</� -988/->/.� ,C� =><+312>� 638/=�� $2/

=+7:6/.� </1398� 3=� ./>/<738/.� ,C� >2/� ,+=/� 90� >2/� @3/A� @96F

?7/� �&6/0>�� &<312>�� '8/+<�� '0+<��� $2/� </1398� 90� >2/� @3/A� =-<//8

</:</=/8>/.� 38� >2/� PICT� �#!�� �1<+:23-=� 9,4/->
�� +8.� 2/8-/
98� >2/� .3=:6+C� 3=� ./>/<738/.� ,C� >2/� :<94/->398� 90� >2/� @3/A

@96?7/� 98� >2/� @3/A� =-<//8� �=//� �31�� ����

Fig. 25.� "/<=:/->3@/� :<94/->398� 90� +� :938>� 38� >2/� @3/A� @96?7/� 98>9

>2/� @3/A� =-<//8�

1 Unit

Top View

Y

View Screen

Z

X

(Xe, Ye, Ze)

Y

X

(Xe, Ye, Ze)

View Screen

Plotted
Point

$2/� 38:?>� 09<7� 38� >23=� -+=/� +669A=� >2/� ?=/<� >9�

• �299=/� 9<� /8>/<� >2/� ./038381� /B:</==398� 09<� >2/� 0?8->398� >9
,/� :69>>/.

• �299=/� >2/� 8+7/=� 90� >2/� >A9� @+<3+,6/=� �3./8>3-+6� >9� INDEP
+8.� DEPEND�

• �299=/� &6/0>� +8.� &<312>� �./0+?6>� >9� >2/3<� -?<</8>� @+6?/�� 9<
XRNG� 30� 89� -?<</8>� @+6?/�

• �299=/� '8/+<� +8.� '0+<� �./0+?6>� >9� >2/3<� -?<</8>� @+6?/�� 9<
YRNG� 30� 89� -?<</8>� @+6?/�

• �299=/� (69A� +8.� (2312� �./0+?6>� >9� >2/3<� -?<</8>� @+6?/�� 9<
./0+?6>� YRNG� 30� 89� -?<</8>� @+6?/�

• �299=/� &/�� '/�� +8.� (/� �./0+?6>� >9� >2/3<� -?<</8>� @+6?/�� 9<� 
�
���� 
� 30� 89� -?<</8>� @+6?/�

• �299=/�  B� +8.�  C� �./0+?6>� >9� >2/3<� -?<</8>� @+6?/� 9<� �
� +8.� �
30� 89� -?<</8>� @+6?/�

• %/<30C� +8.	9<� -299=/� RADIANS�� DEGREES�� 9<� GRADS� 79./�

�8� ><+-/� 79./� 09<� WIREFRAME�� >2/� +<<9A� 5/C=� 4?7:� >2/� -?<=9<
0<97� =+7:6/� :938>� >9� =+7:6/� :938>� +8.� >2/� .3=:6+C� 38.3-+>/=

+66� >2<//� -99<.38+>/=� 90� >2/� =+7:6/� :938>�

Example Problem�� �/>/<738/� 1<+:23-+66C� A2/>2/<� >2/� =?<0+-/
./038/.� ,C� D� �� B�� �� �B�C�� �� C�� 3=�� +>� >2/� 9<3138�� -98-+@/� ?:�

-98-+@/� .9A8�� 9<� 8/3>2/<�

Solution�� �299=/� WIREFRAME� :69>� >C:/� +8.� /8>/<� X^4–4*X^2*Y^
2+Y^4 � +=� >2/� -?<</8>� /;?+>398�� �299=/� X� +8.� Y � +=� >2/� 38./F
:/8./8>� +8.� ./:/8./8>� @+<3+,6/=�� �299=/� ��� 09<� &6/0>�� �� 09<

&<312>�� ��� 09<� '8/+<�� �� 09<� '0+<�� ��� 09<� (69A�� +8.� �� 09<� (2312� =9

>2+>� >2/� @3/A� @96?7/� =?<<9?8.=� >2/� 9<3138�� �299=/� �� 09<� &/�

��
� 09<� '/�� +8.� 
� 09<� (/� >9� 13@/� +� .3=>+8>�� 9,63;?/� @3/A� 90� >2/

1<+:2�� �=� =//8� 38� �31�� ���� >2/� 1<+:2� .3=:6+C=� +� E7985/C

=+..6/�� A23-2� 3=� 8/3>2/<� -98@/B� 89<� -98-+@/� +>� >2/� 9<3138�

�	�� ���	����
�	� �	����	


$2/� :3->?</� /8@3<987/8>�� A23-2� 3=� 38@95/.� +?>97+>3-+66C

A2/8� 1<+:2=� +</� .<+A8� 9<� ,C� :</==381� >2/� PICTURE� 5/C�� +6F
69A=� >2/� ?=/<� >9� 38>/<+->� A3>2� +� 1<+:2�� $2/� ?=/<� -+8� 79@/

Fig. 26.� #/6+>398=23:� 90� @3/A� @96?7/� +8.� /C/� :938>� >9� XRNG� +8.

View Volume

XRNG

View Screen

YRNG (Xe, Ye, Ze)



�;-;9:� ����� �+=2+::A�')1'8*� �5;84'2� � � � � � � ��

Fig. 27.� WIREFRAME� 625:� 5,� :.+� 9;8,')+� *+:+83/4+*� (?� @� �� >�� �� �>
?


�� ?�� =/:.� </+=� <52;3+� %����&×%����&×%����&� '4*� +?+� 65/4:� ���������	

:.+� )8599� .'/89� '85;4*� ;9/4-� :.+� '885=� 1+?9�� :8')+� '254-� :.+

-8'6.�� '**� 6/):;8+� +2+3+4:9� 9;).� '9� *5:9�� 2/4+9�� '4*� )/8)2+9�

58� *5� /4:+8'):/<+� )'2);2;9� 56+8':/549� 9;).� '9� ,/4*/4-� :.+� *+A

8/<':/<+� ':� :.+� )8599� .'/89� 25)':/54	

��
���� �
����� ������ 	
���

 .+� ��� ���
�#� )8599A.'/8A35</4-� )5*+� ='9� 8+=8/::+4� ,58� :.+

��� ���
�#	�  .+� )8599� .'/89� 4++*+*� :5� (+� ,'9:+8�� :5� ,'*+� 2+99

'9� :.+?� 35<+*�� '4*� :5� '))5335*':+� '**+*� ,;4):/54'2/:?

9;).� '9� :8')/4-� '4*� 9.'*/4-	�  .+� )8599� .'/8� )5*+� 58/-/4'22?

)'3+� ,853� :.+� ��� 
�� '4*� .'9� (++4� 3'/4:'/4+*� '4*� 35*/,/+*

5<+8� :.+� ?+'89	� �4� :.+� ��� 
��� 359:� 5,� :.+� )8599� .'/8� )5*+� ='9

=8/::+4� /4� ./-.A96++*� '99+3(2?� 2'4-;'-+� '4*� '):;'22?� )54A

:'/4+*� '� 85;:/4+� )'22+*� SLOW� =./).� ='9� (;8/+*� *++6� =/:./4

���� 9;(85;:/4+� )'229	� SLOW� ='9� 4++*+*� :5� 925=� :.+� )8599

.'/89� *5=4� :5� '4� '))+6:'(2+� 96++*	�  .+� ;9+� 5,� :./9� =58*

='9� */9)5<+8+*� *;8/4-� :.+� 685)+99� 5,� 658:/4-� :.+� )5*+� ,853

:.+� ��� 
�� :5� 8;4� 54� :.+� (/--+8� ��� ���
�#� */962'?	�  .+8+

=+8+� 3'4?� 5))'9/549� *;8/4-� :.+� ��� ���
�#� 6850+):� =.+4

=+� =+8+� :8?/4-� :5� 96++*� ;6� <'8/5;9� 56+8':/549� '4*� =/9.+*

=+� )5;2*� 0;9:� ,/4*� :.+� =58*� SLOW� '4*� :'1+� /:� 5;:�

 .+� ,'*/4-� 5,� :.+� )8599� .'/89� '9� :.+?� 35<+*� ='9� /3685<+*

(?� ).'4-/4-� :.+� )5*+� 95� :.':� :.+� :/3+� (+:=++4� :;84/4-� :.+

)8599� .'/89� 5,,� ':� 54+� 6/>+2� '4*� :;84/4-� :.+3� 54� ':� :.+� 4+>:

6/>+2� /9� 3/4/3/@+*	�  5� *5� :./9�� '22� :.+� )'2);2':/549� 8+7;/8+*

,58� 35</4-� '8+� 45=� *54+� (+,58+� :;84/4-� :.+� )8599� .'/89� 5,,	

!4,58:;4':+2?�� :.+� 4+=� */962'?� 54� :.+� ��� ���
�#� :8'*+9� 5,,

8+96549+� :/3+� ,58� )54:8'9:�� 95� '2:.5;-.� /:� /9� (8/-.:+8� '4*� .'9

./-.+8� )54:8'9:� :.'4� :.+� ��� ���
�#� */962'?�� /:� :'1+9� 254-+8

,58� 6/>+29� :5� :;84� *'81	�  .;9�� 3;).� 5,� :.+� =581� :5� 8+*;)+

,'*+� /4� 35</4-� )8599� .'/89� ='9� )'4)+2+*� 5;:� (?� :.+� 4+=

9)8++4� ).'8'):+8/9:/)9	�  .+� ;9+8� )'4� *'81+4� :.+� */962'?� (?

.52*/4-� *5=4� :.+� ON� 1+?� '4*� 68+99/4-� :.+� + � 1+?� '� ,+=
:/3+9�� '4*� :./9� =/22� 3'1+� :.+� 35</4-� )8599� .'/89� +'9/+8� :5

9++	

 8')/4-� '254-� '� -8'6.� =/:.� :.+� )8599� .'/89� 68+9+4:9� '� ).'2A

2+4-+� (+)';9+� :.+� ;9+8�9� ,;4):/54� 3;9:� (+� +<'2;':+*� ':� +<+8?

65/4:�� 95� /4� +,,+):� :.+� 9?9:+3� ���� 685-8'33+8� 3;9:� :;84

)54:852� 5<+8� :5� :.+� ;9+8� ':� +').� 65/4:� 5,� :.+� -8'6.	�  ./9� 8+A

7;/8+*� )'8+,;2� '::+4:/54� :5� +8858� .'4*2/4-� '4*� :5� 3'4'-/4-

:.+� *':'� 9:')1�� =./).� /9� '� 9.'8+*� 8+95;8)+	�  .+� 685)+*;8+9

,58� :8')/4-� <'8?� =/:.� :.+� */,,+8+4:� 625:� :?6+9	�  .+� 685)+*;8+9

'8+� 1+6:� /4� :.+� 6856+8:?� 2/9:� '995)/':+*� =/:.� +').� 625:� :?6+�

'4*� :.+4� :.+� '668568/':+� 685)+*;8+� /9� 6'99+*� /4� '4*� +<'2;A

':+*� =.+4� :8')+� 35*+� /9� :;84+*� 54	� �:� 8+7;/8+*� 7;/:+� '� (/:� 5,

8+=8/:/4-� :5� /362+3+4:� :./9� 5(0+):A58/+4:+*�� +>:+49/(2+� '6A

685').� (+)';9+� 3;).� 5,� :.+� +>/9:/4-� )8599� .'/8� )5*+� .'*

68+</5;92?� ;4*+8-54+� 8+=8/:/4-� '4*� 56:/3/@/4-� ,58� 96++*

'4*� )5*+� 9/@+	

����
����

 .+� ANIMATE � )533'4*� /9� '� 685-8'3� :.':� ='9� +'9?� :5� =8/:+
'4*� :.':� :.+� ;9+8� )5;2*� .'<+� =8/::+4� /4� ;9+8A���� 685-8'3A

3/4-� 2'4-;'-+�� (;:� =+� '**+*� /:� ,58� :.+� 9'1+� 5,� )54<+4/+4)+	

�295�� /:� /9� ;9+*� '9� 6'8:� 5,� $A92/)+� ��� 625::/4-	� �:� 9+:9� ;6� '

2556� :.':� 8+6+':+*2?� 6;:9� -8'6./)9� 5(0+):9� /4:5� :.+� PICT� */9A
62'?� '8+'	

�� 7;/)1� ='?� :5� -+:� 9:'8:+*� =/:.� '4/3':/54� /9� :5� 68+99� PICTURE
:5� -5� :5� :.+� /4:+8'):/<+� -8'6./)9� +4</8543+4:�� =.+8+� ?5;

=/22� (+� '(2+� :5� )8+':+� 953+� 6/):;8+9� :5� '4/3':+	� �8+99� EDIT�
:.+4� DOT+ � :5� :;84� 54� :.+� +:).A'A91+:).A9:?2+� *8'=/4-� 35*+
/4� =./).� 6/>+29� '8+� :;84+*� 54� =.+8+<+8� ?5;� 35<+� :.+� )8599

.'/89	� !9/4-� :.+� ;6�� *5=4�� 2+,:�� '4*� 8/-.:� '885=� 1+?9�� 91+:).

953+:./4-�� :.+4� 68+99� STO� :5� 9+4*� '� )56?� 5,� ?5;8� 6/):;8+� :5
:.+� 9:')1	� �54:/4;+� 91+:)./4-�� 68+99� STO� '-'/4�� '4*� 8+6+':
:./9� 685)+*;8+�� )54:/4;/4-� :5� '**� :5� ?5;8� 91+:).� ;4:/2� ?5;

.'<+� '� .'4*,;2� 5,� 6/):;8+9� 54� :.+� 9:')1�� 9'?� 9/>� 5,� :.+3	

�8+99� CANCEL� :5� 2+'<+� :.+� PICTURE� +4</8543+4:�� '4*� ?5;� =/22
9++� :.+� :.+� 6/):;8+� 5(0+):9� 9/::/4-� 54� :.+� 9:')1	�  .+?� '8+

)'22+*� ����9�� =./).� /9� 9.58:� ,58� -8'6./)9� 5(0+):9	��  5� ;9+

:.+� ANIMATE � )533'4*�� '22� ?5;� .'<+� :5� *5� /9� +4:+8� :.+� 4;3A
(+8� 5,� ����9� �,58� +>'362+�� 68+99� 6 � :.+4� ENTER � /,� ?5;
)8+':+*� 9/>� 6/):;8+9��� :.+4� 68+99� :.+� ANIMATE � 1+?�� =./).� ?5;
=/22� ,/4*� /4� :.+� GROB� 9;(3+4;� 5,� :.+� PRG� 3+4;	� $5;8� 9+8/+9
5,� 91+:).+9� =/22� )53+� :5� 2/,+� '9� :.+� ANIMATE � )533'4*� ,2/69
:.85;-.� :.+3	

�
����
����

�+<+8'2� 4+=� 3':.+3':/)'2� ,+':;8+9� =+8+� '**+*� :5� 3++:� :.+

4++*9� 5,� :.+� +*;)':/54'2� 3'81+:� '4*� :5� 3':).� 58� +>)++*

)588+9654*/4-� ,+':;8+9� 8+)+4:2?� /4:85*;)+*� (?� 5;8� )536+:/A

:/54	� �+9/-4� :8'*+A5,,9� 3'*+� ,58� '4*� /4.+8/:+*� ,853� +'82/+8�

2+99� )'6'(2+� 62':,5839� =+8+� 8+)549/*+8+*�� '4*� 8+2+<'4:� 95,:A

='8+� *+<+256+*� ,58� +'82/+8� 3')./4+9� (;:� 45:� ;9+*� /4� :.+� ��

���
�#� ='9� ;9+*� =.+8+<+8� '668568/':+	

������� 
��� 
��������
����� 
�����

 .+� ��� ���
�#� /9� :'8-+:+*� ':� :.+� )522+-+A2+<+2� 3':.+3':/)9�

9)/+4)+�� '4*� +4-/4++8/4-� +*;)':/54'2� 3'81+:	� "+� .56+*�

'295�� :5� ')./+<+� 358+� 9;))+99� /4� ./-.� 9).552� '*<'4)+*

62')+3+4:� )5;89+9	� �4� :.+9+� +4</8543+4:9� )'2);2':589� '8+

;9+*� '9� 6+*'-5-/)'2� :5529�� /22;9:8':/4-� 3':.+3':/)'2� '4*

35*+2/4-� )54)+6:9� /4:85*;)+*� /4� :.+� )5;89+9	

�9� '� 6+*'-5-/)'2� :552�� :.+� )'2);2':58�9� '));8')?� '4*� 8+2/'(/2/:?

'8+� 6'8'35;4:� *+9/-4� -5'29	� �6++*� 5,� +>+);:/54� /9� /3658:'4:

(;:� 9+)54*'8?� :5� :.+� <'2/*/:?� 5,� :.+� )536;:+*� 8+9;2:9	�  5

')./+<+� ./-.� '));8')?� '4*� 8+2/'(/2/:?� :.+� )536;:':/54'2

3+:.5*9� 4++*+*� :5� (+� 358+� 4;3+8/)'22?� 956./9:/)':+*� :.'4

:?6/)'2� :+>:(551� 3+:.5*9	�  ./9� -8+':+8� )5362+>/:?� /9� ./**+4

,853� :.+� )'9;'2� ;9+8� =.+8+<+8� 6599/(2+�� (;:� 3'*+� '<'/2'(2+

:5� :.+� 956./9:/)':+*� ;9+8� 95� :.+� 3+:.5*9� )'4� (+� :;4+*� :5

:.+/8� 4++*9	

�4+� 3+'49� 5,� ')./+</4-� 3'>/3;3� '));8')?� '4*� 8+2/'(/2/:?� /9

:5� 8+'*� :.+� );88+4:� 2/:+8':;8+� '4*� )549;2:� =/:.� +>6+8:� 96+)/'2A

/9:9� :5� 5(:'/4� :.+� (+9:� 3+:.5*9�� :.+4� /362+3+4:� :.59+� 3+:.A

5*9� ,853� 9)8':).	� "+� .'<+� +3625?+*� :./9� '6685').� /4� :.+



��� � � � � � � � �3%312� �

�� �#5*#228��!)�0"� �-30,�*

	�
�� 

������� ��� ���
����
� �����

Although the primary focus of the new user interface for the HP 48G/GX was to
enhance our built-in applications, it became apparent as the project progressed
that calculator owners who program would want access to the same capabilities to
enhance their efforts. For the choose box, message box, and especially the input
form tools, the biggest challenge involved scaling back the numerous features to
produce simple user commands that still offer customization potential.

The message box command, MSGBOX, was designed to display pop-up mes-
sages with a minimum of fuss. Thus, it takes just one argument—the message
string—and produces a word-wrapped normal-sized message box.

The choose box command, CHOOSE, is slightly more complicated. To enable but
not require the same object-oriented use of choose boxes as the built-in applica-
tions, the CHOOSE command accepts a list of items in two formats. In the simplest
format, an item is specified by a single object, which is displayed and returned if
chosen. In the alternate format, an item is specified by a two-element list object.
The first element is displayed in the choose box, and the second element is returned
if the item is chosen.

For simplicity of the user interface, CHOOSE displays a normal-sized choose box
without the multiple-choice capability used by some built-in applications.

The MSGBOX and CHOOSE commands largely follow the same interface specifica-
tion methods as their system-level counterparts. This differs markedly from the input
form user command, INFORM. To maintain complete flexibility over all elements of
form layout and behavior, the input forms engine takes three arguments for each
label and thirteen arguments for each field, specifying such details as exact location
and size, display format, and so on. Added to that are global arguments for the
form procedure and form title and some other details. All together, an input form
with four labeled fields requires 68 arguments. While this amount of information is
justified for the varied needs of built-in applications, it is an unnecessary burden
for programmers just wanting to get some simple input from the user.

For the INFORM command, therefore, we developed an automatic form layout
scheme that serves most needs, with options for further detailing. Basically, the
INFORM input form is viewed as a grid that is filled with fields starting in the upper-
left corner and proceeding from left to right and top to bottom. The number of

Fig. 1. A custom input form created by INFORM.

Field Specifications

5: “Personal Information”
4: {  ”Name:”  { } { }
”Bldg: ”  ”Phone: ” { }
”Notes:”   { }        { } }
3: {  3  5  }
2: {  }
1: {  }

Title

Field Expander

Column Count (3)
and Tab Width (5)Reset and Current

Values

INFORM

columns in the grid is specified as one of INFORM’s arguments, and each field’s
width is determined by the width of its label and by the user-supplied tab width,
which places invisible tab stops within each column to help align fields vertically. A
field can span multiple columns with a special field-expander specification. Help
text and object type restrictions can be included for any field, but aren’t required.

Fig. 1 shows an example of a custom input form created by INFORM. Notice that,
despite the relative simplicity of the input arguments, an input form with aligned
fields of varying widths is presented. This technique for building input forms proved
so valuable that it was used to create the Solve Equation input form, which changes
according to the number and names of variables in the equation to be solved.
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* Stiff problems typically have solution components with large differences in time scale. More
information is needed by a solver to compute a solution efficiently.
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HP-PAC replaces the familiar metal chassis structure with expanded
polypropylene (EPP) foam. Large reductions are realized in mechanical
parts, screw joints, assembly time, disassembly time, transport
packaging, and housing development costs.
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Table I
Thermal Test Results

CPU Temperatures (°C)

Test Point HP-PAC Original
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(a)

DEVICE UNDER TEST
 Instrument:  HP799 HPPAC
Serial No.:           02101
Options: Chassis
Prod. Weight: 9.7 kg

SHOCK DATA
Side of DUT: Rear
Waveform: Half Sine
Duration: 1.7 ms
Delta V: 246.2 cm/s
Faired Acc.: 240.0 g
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(b)

DEVICE UNDER TEST
 Instrument: HP799 HPPAC
Serial No.: 02101
Options: H. Disk
Prod. Weight: 9.7 kg

SHOCK DATA
Side of DUT: Rear
Waveform: Half Sine
Duration: 7.5 ms
Delta V: 207.9 cm/s
Faired Acc.: 45.1 g

MACHINE SETTING
Pressure PROGR.: 0.0 MPa

0.0 psi
Pressure LIK: 0.0 kPa

0.0 psi
Height: 5.0 in

12.7 cm
Pads: 1 Thick/1 Thin

Date: 10.03.92
Name: Bart Dechesne
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(c)

DEVICE UNDER TEST
 Instrument:  HP799 HPPAC
Serial No.: 02101
Options: Chassis
Prod. Weight: 9.7 kg

SHOCK DATA
Side of DUT: Rear
Waveform: Trapezoidal
Duration: 23.5 ms
Delta V: 737.2 cm/s
Faired Acc.: 31.7 g

MACHINE SETTING
Pressure PROGR.: 2.1 MPa

300.0 psi
Pressure LIK: 0.0 kPa

0.0 psi
Height 30.0 in

76.2 cm
Pads: 1 Thick/1 Thin

Date: 10.03.92
Name: Bart Dechesne
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MACHINE SETTING
Pressure PROGR.: 0.0 MPa

0.9 psi
Pressure LIK: 0.0 kPa

0.0 psi
Height: 5.0 in

12.7 cm
Pads: 1 Thick/1 Thin

Date: 10.03.92
Name: Bart Dechesne

(d)

DEVICE UNDER TEST
 Instrument: HP799 HPPAC
Serial No.: 02101
Options: H. Disk
Prod. Weight: 9.7 kg

SHOCK DATA
Side of DUT: Rear
Waveform: Trapezoidal
Duration: 28.0 ms
Delta V: 804.7 cm/s
Faired Acc.: 28.3 g

MACHINE SETTING
Pressure PROGR.: 2.1 MPa

300.0 psi
Pressure LIK: 0.0 kPa

0.0 psi
Height: 30.0 in

76.2 cm
Pads: 1 Thick/1 Thin

Date: 10.03.92
Name: Bart Dechesne
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The eye diagram analyzer constructs both conventional eye diagrams
and special eyeline diagrams to perform extinction ratio and mask tests
on digital transmitters. It also makes a number of diagnostic
measurements to determine if such factors as waveform distortion,
intersymbol interference, or noise are limiting the bit error ratio of a
transmission system.
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Input: 1-Gbit/s, 15-Bit Pattern
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fsignal = 66.67 MHz
Tsignal = 15 ns
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N = 4
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Therefore: Ts = 61 ns
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In supercritical fluid chromatography, very high degrees of accuracy are
required for temperature control. On the fluid supply end of the system,
cooling is critical. On the separation end, heating is important. This paper
discusses temperature control in the HP G1205A supercritical fluid
chromatograph.
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Chromatography is a process in which a chemical mixture, carried by a mobile
phase, is separated into components as a result of differential distribution of the
solutes as they flow over a stationary phase. The distribution is the result of differ-
ing physical and/or chemical interactions of the components with the stationary
phase. On a very basic level, chromatography instrumentation consists of (1) a
delivery system to transport the sample within a mobile phase, (2) a stationary
phase (the column) where the separation process occurs, (3) a detection system
that identifies or distinguishes between the eluted compounds, and (4) a data
collection device to record the results (see Fig. 1).

The choice of which chromatographic method to use depends on the compounds
being analyzed. In gas chromatography (GC), the mobile phase that carries the
sample injected into the system is a gas. GC is generally a method for volatile and
low molecular weight compounds. High-performance liquid chromatography
(HPLC) is primarily used for analysis of nonvolatile and higher molecular weight
compounds. A combination of desirable characteristics from both of these methods
can be obtained by using a supercritical fluid as the mobile phase. A supercritical
fluid is a substance above its critical point on the temperature/pressure phase
diagram (see Fig. 2). Above the critical point, the fluid is neither a gas nor a liquid,
but possesses properties of both.

The advantage of SFC is that the high density of a supercritical fluid gives it the
solvent properties of a liquid, while it still exhibits the faster physical flow proper-
ties of a gas. In chromatographic terms, supercritical fluids allow the high effi-
ciency and detection options associated with gas chromatography to be combined
with the high selectivity and the wider sample polarity range of high-performance
liquid chromatography. Applications that are unique to SFC include analysis of
compounds that are either too polar, too high in molecular weight, or too thermally
labile for GC methods and are undetectable with HPLC detectors. Another benefit
of SFC over LC is the reduction of toxic solvent use and the expense associated
with solvent disposal. This aspect has become increasingly important as environ-
mental awareness becomes a larger issue.

Fig. 2. Phase diagram with critical point and supercritical region.
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Hewlett-Packard developed and manufactured its first SFC instrument in 1982. For
the past decade, SFC has primarily been used in R&D laboratories. The market
has now expanded to include routine analysis for process and quality control as
SFC is continuing to gain acceptance as a complementary technique to GC and
LC.

Connie Nathan
Barbara Hackbarth
Development Engineers
Analytical Products Group

Fig. 1. Basic components of a chromato-
graphic system.
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Table II
Comparison of SFC and GC Flame Ionization Detectors
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This project not only achieved its goal of improving the near-field image
quality of an existing transducer design, but also added two-frequency
operation.
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where Z = Acoustic Impedance
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Table I
Characteristic Acoustic Impedances

of Several Biological and Nonbiological Materials

Material Acoustic Impedance
(106 Rayls)
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Where:

F = Focal Length
�X = Beam Width
� = Wavelength
Z = Distance from Aperture
a = Aperture / 2
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Where:
F = Focal Length
R = Radius of Lens
VB = Velocity of Sound in Body
VL = Velocity of Sound in Lens

R F

25 mm 50 mm1

15 mm 30 mm2

R
2

F

,(�*!�� �10� 0$%/� "+��(� ,+%*0� .!)�%*/� �+*/0�*0� "+.� �� #%2!*

�$+%�!� +"� (!*/�� �$!� .� %1/� +"� �1.2�01.!� %*� �+*&1*�0%+*� 3%0$

)�0!.%�(� ,.+,!.0%!/� +"� 0$!� (!*/�  !0!.)%*!/� 3$!.!� 0$!� *�..+37

!/0� ,+%*0� %*� 0$!� !(!2�0%+*� �!�)� 3%((� (%!�� �$%/� *�..+3!/0� ,+%*0

%/� ��((! � 0$!� !(!2�0%+*� "+��(� ,+%*0�� �$!� /'!0�$� %*� �%#�� ��� %((1/7

0.�0!/� $+3� 0$!� (!*/� .� %1/� %*"(1!*�!/� �+0$� 0$!� "+��(� ,+%*0

�* � 0$!� !(!2�0%+*� �!�)� 3% 0$�

�*+0$!.� %),+.0�*0� "��0+.� %*� .!/+(2%*#� /)�((� /0.1�01.!/� %/� 0%)!

.!/+(10%+*�� �� 3!((7"+�1/! � �!�)� �((+3/� /)�((� 0�.#!0/� 0$�0� �.!

/% !� �5� /% !� 0+� �!� .!/+(2! �� 3$%(!� �� /$+.0� ,1(/!� (!*#0$� �(7

(+3/� .!/+(10%+*� +"� /)�((� 0�.#!0/� 0$�0� �.!� /!,�.�0! � �5� /$+.0

 %/0�*�!/� %*0+� 0$!� �+ 5�� �!��1/!� 0$!�  !,0$� +"� �*� !�$+� %/

 !0!.)%*! � �5� %0/� 0%)!� +"� �..%2�(� �0� 0$!� 0.�*/ 1�!.�� 0$%/� �00.%�7

10!� %/� ��((! � 0%)!� .!/+(10%+*�� �%)!� .!/+(10%+*� )!�/1.!/� $+3

3!((� /)�((� /0.1�01.!/� ��*� �!� .!/+(2! � �(+*#� 0$!� �!�)� �4%/�� /+

%0� %/� �(/+� ��((! � �4%�(� .!/+(10%+*�� �4%�(� .!/+(10%+*� %/� )!�/1.! 

%*� /!�+* /� +"�  1.�0%+*� �"0!.� !4�%0�0%+*� �!"+.!� 0$!� 0.�*/)%00! 

��+1/0%�� ,1(/!� "� !/� 0+� �� �!.0�%*� (!2!(�� 1/1�((5� ��� +.� ���  �

�!(+3� )�4%)1)�� �$!� 0.�*/ 1�!.� ��*� �!�  !/%#*! � 0+� $�2!� �

$%#$!.� ".!-1!*�5�� 3$%�$� %*�.!�/!/� �4%�(� .!/+(10%+*�� �10� 0$!

�+ 5� ��/+.�/� $%#$!.� ".!-1!*�%!/� )+.!�� 0$!.!�5� .! 1�%*#� 0$!

 !,0$� %*0+� 0$!� �+ 5� 0$�0� ��*� �!� %)�#! �� �3+� ,1(/!/� �0� 03+

 %""!.!*0� ".!-1!*�%!/� �.!� /$+3*� %*� �%#�� ���� �$!� $%#$!.7".!7

-1!*�5� 0.�*/ 1�!.� ,.+ 1�!/� �� /$+.0!.� ,1(/!�� �$!� �$+%�!� +"

".!-1!*�5� .!-1%.!/� �� 0.� !7+""� �!03!!*� �4%�(� .!/+(10%+*� �* 

 !,0$� +"� ,!*!0.�0%+*�

���	�
��� ������������� �����
�	���

�%*�!� !��$� %)�#%*#� �,,(%��0%+*� $�/� 2!.5� /,!�%"%�� .!-1%.!7

)!*0/��  %""!.!*0� /5/0!)/� �* � 0.�*/ 1�!./� �.!� /+( � "+.�  %""!.7

!*0� �,,(%��0%+*/�� �$!� )! %��(� 1(0.�/+1* � )�.'!0� ��*� �!� /!#7

)!*0! � %*0+� ��. %+(+#5�� 2�/�1(�.�� .� %+(+#5�� �* � +�/0!0.%�/�

�!3(!007���'�. �/� ,.+ 1�0� (%*!� %/� "+�1/! � +*� 0$!� ��. %+(+#5

�* � 2�/�1(�.� )�.'!0/�� �1.� ,.+&!�0�  !2!(+,! � 03+� 0.�*/ 1�!./

"+.� 0$!� 2�/�1(�.� 1(0.�/+1* � )�.'!0�

�*� �1*!� ������ ��� %*0.+ 1�! � 0$!� ��� ���

�� ��
7��6� (%*!�.

,$�/! 7�..�5� 0.�*/ 1�!.�� �$%/� 0.�*/ 1�!.� +""!.! � /!2!.�(� *!3

0!�$*+(+#%!/�� +*!� +"� 3$%�$� %/� �+*0%*1+1/� /0!!.%*#� +"� 0$!

%)�#!�� �%*�!� �+(+.� "(+3� �* � �+,,(!.� %)�#%*#� �.!� ��/! � +*

0$!� �+,,(!.� ,.%*�%,(!�� 0$!5� �.!� )+/0� /!*/%0%2!� 3$!*� 0$!� �(++ 



�:,:89� 
��
� �*<1*99A &(0&7)� �4:73&1� � � � � � � ��

Fig. 11.� �425&7.843� 4+� :197&84:3)� 5:18*8� +742� 97&38):(*78� 45*7&9.3,

&9� ).++*7*39� +7*6:*3(.*8�� �&�� ���A��?� 5:18*�� �'�� 
��A��?� 5:18*�

–20-dB
Pulse

Length
0 dB

–10 dB
–20 dB

A
m

pl
itu

de

1 2
Time (�s)

(a)

–20-dB
Pulse

Length
0 dB

–10 dB
–20 dB

A
m

pl
itu

de

1 2
Time (�s)

(b)

;*88*18� &3)� 9-*� '144)� 9-*>� (&77>� 54.39� 94<&7)8� 47� &<&>� +742

9-*� 97&38):(*7�� $3+479:3&9*1>�� 9-*� ��� .2&,*� -&8� .98� '*89� 8*3A

8.9.;.9>� <-*3� 9-*� '144)� ;*88*18� 7:3� 5&7&11*1� 94� 9-*� 97&38):(*7�

"9**7.3,� (&3� '*� )43*� 43� 9-*� 1.3*&7� &77&>8� 94� &((4:39� +47� 9-*

(43+1.(9.3,� &3,1*� 7*6:.7*2*398�� #-.8� (439.3:4:8� 89**7.3,� .8

2&)*� 5488.'1*� '>� (42'.3.3,� ���� 97&38):(*7� *1*2*398� .394


��� 8.,3&1� 5&9-8�� <-.(-� 2&9(-� 9-*� 
��� (-&33*18� 43� 9-*� :197&A

84:3)� 8>89*2�� #-*� &'.1.9>� 94� 89**7� 9-*� ��� .2&,*� 94� ,*9� 9-*

'*89� ,7&>8(&1*� 5.(9:7*� <-.1*� .3)*5*3)*391>� 89**7.3,� 9-*� (4147

+14<� .2&,*� 94� ,*9� 9-*� '*89� (4147� +.11.3,� &114<8� 9-*� :8*7� 94� ,*9

9-*� '*89� 4+� '49-� 24)&1.9.*8�� ��� .2&,*� 89**7.3,� .8� &3� .25479&39

+*&9:7*� 4+� � � 1.3*&7� &77&>� 97&38):(*78�

#-*� .3974):(9.43� 4+� 9-*� � � �
����� <&8� +4114<*)� .3� �57.1


��
� '>� 9-*� 14<*7A+7*6:*3(>� � � �
����� 
��A��?� 1.3*&7A

&77&>� 97&38):(*7�� #-*� � � �
����� *2514>*)� 9-*� 8&2*� 9*(-A

3414,>� &8� 9-*� � � �
������ ':9� 9-*� 14<*7A+7*6:*3(>� :197&84:3)

*3*7,>� 4+� 9-*� � � �
����� (4:1)� 5*3*97&9*� )**5*7� .394� 9-*

'4)>�� �8� *=5*(9*)�� 9-*� &=.&1� 7*841:9.43� <&8� 349� &8� ,44)� &8

9-*� � � �
������ 8.3(*� 9-*� +7*6:*3(>� <&8� 14<*7�� #4,*9-*7�

9-*8*� 9<4� 1.3*&7� &77&>� 97&38):(*78� 574;.)*)� 9-*� ;&8(:1&7� :1A

97&84:3)� :8*7� <.9-� &19*73&9.;*8� 94� 9-*� 5*3*97&9.43�7*841:9.43

97&)*A4++�

�8� <.9-� &3>� 3*<� 574):(9�� .2574;*2*398� <*7*� 51&33*)� +47

9-*� 3*=9� ;*78.43� 8443� &+9*7� 9-*� .3974):(9.43� 4+� 9-*� ;*78.43� �

97&38):(*78�� #-*� .2574;*2*398� <*7*� (*39*7*)� &74:3)� (:8A

942*7� +**)'&(0� &3)� <*7*� 47,&3.?*)� .394� 9<4� 2&/47� (&9*,4A

7.*8�� 9-*� 1&7,*� 8.?*� 4+� 9-*� 97&38):(*78� &3)� 9-*� .3&'.1.9>� 4+� 9-*

� � �
����� 94� 7*841;*� 82&11� 897:(9:7*8� (148*� 94� 9-*� 8:7+&(*� 4+

9-*� 80.3� �3*&7� +.*1)��

�� (7488A+:3(9.43&1� 574/*(9� 9*&2� <&8� +472*)� 94� )*+.3*� &3)

)*;*145� 3*<� ;*78.438� 4+� 9-*� ;*78.43� �� 97&38):(*78�� #-*� ;*7A

8.43� �� ;&8(:1&7� 97&38):(*7� 9*&2� 8443� ).;.)*)� 9-*� <470� 94� '*

)43*� .394� 9<4� (&9*,47.*8� 94� 2&9(-� (:8942*7� 3**)8�� *7,4A

342.(� .2574;*2*398� &3)� 3*&7A+.*1)� .2&,*� 6:&1.9>� .2574;*A

2*398�� #-*� 7*2&.3)*7� 4+� 9-.8� &79.(1*� <.11� ).8(:88� 9-*� 574(*88

:8*)� 94� &))7*88� 9-*� 3*&7A+.*1)� .2574;*2*398�

��������� ����	�
�

#-*� ;*78.43� �� 3*&7A+.*1)� .2&,*� 6:&1.9>� 9*&2� 8*9� &8� &3� .3.9.&1

,4&1� 94� '*� &'1*� 94� 574):(*� 3*&7A+.*1)� .2&,*8� &8� ,44)� &8� 9-*

'*89� (425*9.947� <-.1*� 2&.39&.3.3,� 4:7� &'.1.9>� 94� 574):(*

,44)� .2&,*8� .3� 9-*� +&7� +.*1)�

�34<.3,� 9-&9� 9-*� 3*&7� +.*1)� 3**)*)� .2574;*2*39� <&8� &

,44)� 89&79�� ':9� 9-*� 574/*(9� 9*&2� 7*6:.7*)� 247*� )*9&.1�� %-&9

).)� 9-*� (:8942*7� )*+.3*� &8� 3*&7A+.*1)�� �4:1)� 9-.8� .2574;*A

2*39� '*� 2&)*� &9� 9-*� *=5*38*� 4+� 49-*7� &997.':9*8�� �4<� 2:(-

.2574;*2*39� <&8� 3**)*)�� �3� &)).9.43� 94� +.3).3,� 4:9� *=&(91>

<-&9� 9-*� (:8942*7� <&39*)�� 9-*� 574/*(9� 9*&2� &184� 3**)*)� 94

+.,:7*� 4:9� -4<� 94� .2574;*� 9-*� 3*&7� +.*1)�� "-4:1)� 9-*� +7*A

6:*3(>� '*� (-&3,*)�� #-*� &5*79:7*� 8.?*�� #-*� +4(&1� 54.39�

�9� 9-.8� 54.39� .3� 9.2*�� <*� 3**)*)� &� +7&2*<470� +47� 47,&3.?.3,

9-*� .3+472&9.43� <*� -&)� &8� <*11� &8� 842*� <&>� 94� -.,-1.,-9

&7*&8� 9-&9� 7*6:.7*)� 247*� )&9&�� �3� 47,&3.?&9.43&1� 9441� (&11*)

6:&1.9>� +:3(9.43� )*514>2*39� �!���� <&8� .)*39.+.*)� &8� 43*

<&>� 94� -*15� :8� 97&381&9*� <-&9� 9-*� (:8942*7� <&39*)� .394� &

574):(9�� #-*� !��� 2*9-4)� .8� '&8*)� 43� 9-*� (43897:(9.43� 4+� &

@-4:8*� 4+� 6:&1.9>���

#-*� +.789� 89*5� .3� ':.1).3,� &� -4:8*� 4+� 6:&1.9>� .8� 94� 9&':1&9*

(:8942*7� <&398� &3)� &88.,3� 9-*2� <*.,-.3,� +&(9478��� �.;*3

*34:,-� .3.9.&1� +**)'&(0�� 4:7� 9*&2� <&8� &'1*� 94� )*;*145� &3)

).897.':9*� &� 8:7;*>� 9-&9� 1.89*)� 2&3>� (:8942*7� @<&398�� &3)

&80*)� +47� 7*1&9.;*� <*.,-98� +47� *&(-�� #-*� 3*=9� 89*5� .3� ':.1).3,

9-*� -4:8*� 4+� 6:&1.9>� .8� 94� 9&':1&9*� 9-48*� *3,.3**7.3,� (-&7&(A

9*7.89.(8� 9-&9� &++*(9� 842*� 47� &11� 4+� 9-*� (:8942*7� <&398�� #-.8

1.89� (439&.38� &11� 9-*� 5&798� 4+� 9-*� )*8.,3� 9-&9� *3,.3**7.3,� (4:1)

24).+>� 94� ,.;*� (:8942*78� <-&9� 9-*>� <&39�

#-*� +.3&1� 89*58� .3� 9-*� -4:8*':.1).3,� 574(*88� 9440� 9-*� 2489

9.2*�� #-*� (425*9.9.43�8� 574):(98� <*7*� '*3(-2&70*)� 7*1&9.;*

94� � �8� 94� 8**� .3� <-&9� &7*&8� 4+� (:8942*7� <&398� <*� <*7*

<.33.3,� 47� 148.3,�� #-*� *3,.3**7.3,� (-&7&(9*7.89.(8� <*7*� 7*A

1&9*)� 94� (:8942*7� <&398� .3� 2&97.=� +472� 84� 9-&9� <*� (4:1)� 8**

<-&9� (-&7&(9*7.89.(8� &++*(9*)� <-.(-� (:8942*7� <&39� &3)� '>

-4<� 2:(-�� #-*� +.3&1� -4:8*� 4+� 6:&1.9>� 574;.)*)� &� ,7&5-.(&1

2*&38� 4+� ).851&>.3,� &11� 9-.8� )&9&� .3� &� 7*&)&'1*� +472&9�� �

82&11� 5.*(*� 4+� 4:7� -4:8*� .8� 8-4<3� .3� �.,�� 
��� #-*� &(9:&1

-4:8*� -&)� �	� <&398� &3)� �	� (-&7&(9*7.89.(8� &3)� 8*;*7&1

@74428�� 1.0*� 9-*� *=&251*� .3� �.,�� 
��

��
�������
� ����
�

#-*� -4:8*� 4+� 6:&1.9>� <&8� &3� *++*(9.;*� 9441� 94� 8-4<� <-&9� <*

-&)� 94� )4� 94� ,.;*� (:8942*78� <-&9� 9-*>� <&39*)�� �*=9� 9-*

574/*(9� 9*&2� 3**)*)� 94� (-&3,*� 9-*� )*8.,3� 4+� 9-*� � � �
����

97&38):(*7� 94� (7*&9*� 9-*� � � �
�����

$8.3,� (:8942*7� )&9&�� 49-*7� 74428� .3� 9-*� -4:8*� 4+� 6:&1.9>

8-4<*)� 9-&9� 9-*� � � �
����� 97&38):(*7� <&8� &5574=.2&9*1>

*6:.;&1*39� 94� .98� (425*9.9478� .3� 9-*� &7*&8� 4+� (4147� +14<� &3)

�4551*7� 5*7+472&3(*�� �4<*;*7�� .9� <&8� .3+*7.47� 94� .98� (42A

5*9.9478� .3� 3*&7A+.*1)� ��� .2&,*� 6:&1.9>�� #-*� -4:8*� 4+� 6:&1.9>

&184� 8-4<*)� 9-&9� *1*;&9.43� '*&2� <.)9-� <&8� 9-*� *3,.3**7.3,

(-&7&(9*7.89.(� 2489� 89743,1>� 7*1&9*)� 94� ��� .2&,*� 6:&1.9>�� #-.8

'*(&2*� 9-*� +.789� &7*&� 4+� 7*)*8.,3� 43� 9-*� � � �
�����

#-*� -4:8*� 4+� 6:&1.9>� 574;.)*)� .3+472&9.43� 9-&9� 4:7� (:8942*78

(438.)*7*)� 9-*� 3*&7� +.*1)� 94� '*� 4;*7� &� ;*7>� 85*(.+.(� )*59-

7&3,*� .394� 9-*� '4)>�� �*<� � � �
����� )*8.,38� <*7*� ':.19� &3)

*;&1:&9*)� +47� *1*;&9.43� '*&2� <.)9-8� .3� 9-.8� 7&3,*�� #-*� � 

�
����� )*8.,38� .3(1:)*)� (42'.3&9.438� 4+� 82&11*7� *1*;&9.43



��� � � � � � � � �:-:89� 	���� �+<1+99A�')0'7*� �4:73'1

Fig. 12.� �� 82'11� 5479/43� 4,� 9.+�  ��� �6:'1/9>� ,:3)9/43� *+514>2+39�

@.4:8+� 4,� 6:'1/9>�� ,47� 9.+� ;'8):1'7� :197'84:3*� 97'38*:)+7�

Importancej� Weightj Matrix Valueij�
i

#

= Medium InteractionX

Want i

Less Clutter

Good Color Flow

Good Detail Resolution

Importance j

8

W
ei

gh
t i

El
ev

at
io

n 
B

ea
m

 W
id

th

La
te

ra
l B

ea
m

 W
id

th

Pu
ls

e 
Le

ng
th

X

9 X

6

15
3

71 54

Characteristic j

#

X

= 9

= 3

X = 1

Relationship Matrix Values

= Strong Interaction

= Weak Interaction

'5+79:7+8� '3*� 9/-.9+7� 1+38� 7'*//�� #.+� -7'5.� /3� �/-�� 	�� 8.4<8

9.+� +1+;'9/43� (+'2� </*9.� 4,� 9<4� 8:).� *+8/-38� )425'7+*� 94

9.+� ��� 
	

���

�9� 1+'89� +/-.9� */,,+7+39� *+8/-38� ,47� 9.+� 
	

��� <+7+� (:/19� '3*

9+89+*� /3� 9+728� 4,� 9.+� )7/9/)'1� ,+<� +3-/3++7/3-� ).'7')9+7/89/)8

8.4<3� 94� (+� /25479'39� 94� ):8942+7� 8'9/8,')9/43�� �� ,+<� 4,� 9.+

2489� 5742/8/3-� *+8/-38� <+7+� 9'0+3� 94� 57+,+7+3)+� 97/'18� '3*

9+89+*� '-'/389� 9.+� )425+9/9/43�

�����
�� ������
�� 	��
��

#.+� /3/9/'1� 57+,+7+3)+� )1/3/)'1� 97/'18� <+7+� .+1*� /3A.4:8+� </9.

/39+73'1� +=5+798� '3*� 842+� /3;/9+*� 4:98/*+� ;'8):1'7� :197'A

84:3*� :8+78�� �2'-+8� <+7+� ')6:/7+*� :8/3-� 9.+� ;'7/4:8� 97'38A

*:)+7� *+8/-38� '3*� ):8942+78� <+7+� '80+*� 94� -7'*+� 9.+� /2'-+8

7+1'9/;+� 94� +').� 49.+7�� "42+� 57+,+7+3)+� 97/'18� <+7+� )43A

*:)9+*� '9� ):8942+7� 8/9+8�� #.+� /3/9/'1� )422+398� 43� 9.+� 3+<

*+8/-38� <+7+� ;+7>� 548/9/;+� ,742� :8+78� 4,� 9.+� ��� 
	

���

�))47*/3-� 94� 9.+8+� :8+78�� 9.+� /3/9/'1� ��� 
	

��� <'8� *+,/A

3/9+1>� '3� /2574;+2+39� 4;+7� 9.+� ��� 
	

���� +85+)/'11>� /3� 9.+

3+'7� ,/+1*�� $3,479:3'9+1>�� 9.+� ��� 
	

��� *+8/-38� */*� 349� ,'7+

<+11� /3� 9.+� +>+8� 4,� 9.48+� :8+78� 9.'9� .'*� +=5+7/+3)+� </9.� 4:7

)425+9/9/43�� �3+� 9+).3414-/89� 8:22+*� :5� 9.+� (+89� 4,� 4:7

3+<� *+8/-38� '8� @(+99+7� 9.'3� 9.+� 41*� 43+� … � '(4:9� ���� '8
-44*� '8� 2>� (7'3*� %��

Fig. 13.� �1+;'9/43� (+'2� </*9.8� 4,� 9.+� ��� 
	

��� 97'38*:)+7� '3*

9<4� /2574;+*� *+8/-38�

HP 21258A

Design 1Design 2

–2
0-

dB
 E

le
va

tio
n 

B
ea

m
 W

id
th

0
Depth into Body

#.+� */8'554/39/3-� 5+7,472'3)+� 4,� 9.+� /3/9/'1� ��� 
	

��

*+8/-38� 7+6:/7+*� 7++='2/3'9/43� 4,� 9.+� +3-/3++7/3-� *+8/-3� 94

/*+39/,>� ,:79.+7� 455479:3/9/+8� ,47� /2574;+2+39�� #.+� 3+=9

2489� /25479'39� +3-/3++7/3-� ).'7')9+7/89/)8� '8� *+,/3+*� (>� 9.+

.4:8+� 4,� 6:'1/9>� <+7+� 349� 97'38*:)+7� *+8/-3� ).'3-+8� (:9

:197'84:3*� 8>89+2� ).'3-+8� /3;41;/3-� 1'9+7'1� (+'2� </*9.�

#.+7+� <+7+� 842+� 43-4/3-� /3;+89/-'9/438� /394� 8>89+2� /2A

574;+2+398�� (:9� </9.� 9.+� 57+,+7+3)+� 97/'1� 7+8:198�� 9.+8+� +,A

,4798� 7+)+/;+*� 247+� '99+39/43�

�3� 9+728� 4,� 97'38*:)+7� /2574;+2+398�� 2'3>� 4,� 9.+� 8+)43*'7>

+3-/3++7/3-� ).'7')9+7/89/)8� 8:).� '8� 5:18+� 1+3-9.� <+7+� 8.4<3

94� (+� 24*+7'9+1>� /25479'39� 94� ):8942+7� <'398�� �49� 43+� (:9

2'3>� ).'7')9+7/89/)8� <4:1*� .';+� 94� (+� ).'3-+*� 94� 2'0+

1'7-+� /2574;+2+398� /3� 97'38*:)+7� 5+7,472'3)+�� "/3)+� <+

.'*� '17+'*>� (++3� 9.74:-.� 57+,+7+3)+� 97/'18�� <+� <+7+� 57+99>

,'7� '143-� 9.+� 574*:)9� *+;+1452+39� )>)1+� '3*� '� 7+*+8/-3

<4:1*� .';+� 9'0+3� 944� 2:).� 9/2+�� �9� 9./8� 54/39�� 842+� 9+).A

3/6:+� 94� ).'3-+� 9.+� 97'38*:)+7� *+8/-3� 8/-3/,/)'391>� /3� '� 8.479

5+7/4*� 4,� 9/2+� <'8� 3++*+*�

�
����� �
������� �
�
�

�9� <'8� )1+'7� 9.'9� '3� /2574;+2+39� /3� 9.+� '=/'1� 7+841:9/43� <'8

7+6:/7+*�� �� *+)7+'8+� /3� 9.+� 5:18+� 1+3-9.� <4:1*� .+15�� �,9+7

/3;+89/-'9/3-� */,,+7+39� <'>8� 94� /2574;+� 9.+� 5:18+� 7+85438+� 4,

9.+� 97'38*:)+7�� 43+� /*+'� <'8� 94� '**� '� 8+)43*� 2'9)./3-� 1'>+7

94� 9.+� 8+3847� 89')0� *+8/-3�

�'9)./3-� 1'>+78� '7+� ;+7>� /25479'39� 94� 9.+� 97'38*:)+7� )43A

897:)9/43�� #.+� 2'9)./3-� 1'>+7� /8� '99').+*� 94� 9.+� ,7439� ,')+� 4,

9.+� 8+3847� 2'9+7/'1� '3*� /98� 2'/3� ,:3)9/43� /8� 94� .+15� +,,/)/+391>

)4:51+� 9.+� +3+7->� 94� '3*� ,742� 9.+� (4*>�� �� 2'9)./3-� 1'>+7� /8

43+� 6:'79+7� 4,� '� <';+1+3-9.� 9./)0� 94� 574;/*+� ,47� )43897:)9/;+

/39+7,+7+3)+� '8� 9.+� 84:3*� <';+8� 97';+1� 9.74:-.� /9�� �>� '**/3-

247+� 9.'3� 43+� 2'9)./3-� 1'>+7�� 9.+� +3+7->� /8� +;+3� 247+� +,,/A

)/+391>� )4:51+*�� 7+8:19/3-� /3� 7+*:)+*� 5:18+� 1+3-9.�� #./8� <4:1*

)477+8543*� 94� '3� /2574;+2+39� /3� 9.+� '=/'1� 7+841:9/43�

#.+� /3;+89/-'9/43� 4,� '**/3-� '� 8+)43*� 2'9)./3-� 1'>+7� (+-'3

(>� :8/3-� )425:9+7� 24*+18� 9.'9� 8.4<+*� '� 7+*:)9/43� /3� 9.+

5:18+� 1+3-9.� <.+3� '� 8+)43*� 2'9)./3-� 1'>+7� <'8� '**+*� 94� '

8+3847�� �� )425'7/843� 4,� 9.+� 9<4� 24*+1+*� ��
A��?� *+8/-38

/8� 8.4<3� /3� �/-�� 	��� #.+� 3+=9� 89+58� /3� 9.+� 574)+88� <+7+� 94

*+,/3+� 9.+� *+8/7'(1+� 2'9+7/'1� 5745+79/+8� ,47� 9.+� 8+)43*

2'9)./3-� 1'>+7� 2'9+7/'1� '3*� 9.+3� 8+1+)9� '3*� 9+89� '3� '557457/A

'9+� 2'9+7/'1�

�3� 9+728� 4,� 97'38*:)+7� *+8/-3�� 9.+7+� '7+� 9<4� /25479'39� 2'9+A

7/'1� 5745+79/+8� 4,� '� 2'9)./3-� 1'>+7�� 9.+� ')4:89/)� /25+*'3)+

'3*� 9.+� '99+3:'9/43�� #>5/)'11>�� 9.+� 57+,+77+*� ')4:89/)� /25+*A

'3)+� 4,� 9.+� 2'9)./3-� 1'>+7� /8� 9.+� -+42+97/)� 2+'3� 4,� 9.+� /2A

5+*'3)+8� 4,� 9.+� 9<4� 2'9+7/'18� /9� /8� 8'3*</).+*� (+9<++3�� �47

+='251+�� /,� 9.+� ,/789� 2'9)./3-� 1'>+7� .'8� '3� /25+*'3)+� 4,� �

�!'>18� '3*� 9.+� (4*>� /8� 	�
� �!'>18�� 9.+� *+8/7'(1+� /25+*'3)+

4,� 9.+� 8+)43*� 2'9)./3-� 1'>+7� <4:1*� (+� ��
� �!'>18�

&��� �� �&	&
���
� �� ��� �!'>18� ×� 	�
� �!'>18���


&��� �� ��
� �!'>18�

�*+'11>�� 9.+� '99+3:'9/43� 8.4:1*� (+� 14<� 94� 2/3/2/?+� 9.+

'24:39� 4,� +3+7->� 1489� <.+3� 9.+� <';+� 97';+18� 9.74:-.� 9.+

2'9)./3-� 1'>+7�

�3� '**/9/43� 94� 9.+� ')4:89/)� 7+6:/7+2+398�� 49.+7� 2'9+7/'1

5745+79/+8� 4,� 9.+� 8+)43*� 2'9)./3-� 1'>+7� <+7+� /25479'39�� #.+

2'9+7/'1� 3++*+*� 94� (+� (43*'(1+� 8/3)+� /9� <'8� -4/3-� 94� (+



�6)645� 
��
� �'8-'55<�#%,#3&� �063/#-� � � � � � � ��

Fig. 14.� �#�� �6-4'� #/&� 41'%536.� 0(� 5*'� .0&'-'&� ��� �
����� ���<��;

53#/4&6%'3�� �$�� �6-4'� #/&� 41'%536.� 0(� 5*'� .0&'-'&� ��� �
����

���<��;� 53#/4&6%'3�

Li
ne

ar
 A

m
pl

itd
e

Sp
ec

tr
um

 (d
B

)

–25

–75
0.000
0.000

Time (�s)
Frequency (MHz)

5.000
20.00

0

Pulse-Echo (two-way) Impulse Response

Li
ne

ar
 A

m
pl

itd
e

Sp
ec

tr
um

 (d
B

)

–25

–75
0.000
0.000

Time (�s)
Frequency (MHz)

5.000
20.00

0

Pulse-Echo (two-way) Impulse Response

(a)

(b)

#55#%*'&� 50� 5*'� #%0645+%� 45#%,�� �5� 3'26+3'&� )00&� 3'4+45#/%'� 50

%*#/)'4� +/� 5'.1'3#563'� #/&� *6.+&+5:� #/&� 3'4+45#/%'� 50

%*'.+%#-4� 50� 8*+%*� 5*'� 53#/4&6%'3� 806-&� $'� '9104'&�� 46%*

#4� #%0645+%� %061-+/)� )'-� #/&� &+4+/('%5#/54�� "*'� 4'%0/&

.#5%*+/)� -#:'3� #-40� /''&'&� 50� $'� #/� '-'%53+%#-� +/46-#503� (03

1#5+'/5� 4#('5:�� "0� .#+/5#+/� %0/4+45'/5� 1'3(03.#/%'�� '#%*� 0(

5*'� .#5'3+#-� 1301'35+'4� /''&'&� 50� $'� *0.0)'/'064� 8+5*+/

5*'� 4'%0/&� .#5%*+/)� -#:'3�

�0-:.'34� )'/'3#--:� *#7'� +.1'&#/%'4� $'58''/� 
� #/&� 
� � #:-4

#4� /05'&� +/� "#$-'� ��� "0� .''5� 5*'� #%0645+%� 3'26+3'.'/54�

.#/:� 10-:.'34� 8'3'� '7#-6#5'&� #/&� 5*'� 4'-'%5+0/� 8#4� /#3<

308'&� $#4'&� 0/� 5*'� #%0645+%� %3+5'3+#�� �'95�� .03'� %0.1-'5'

.#5'3+#-� 1301'35:� 5'45+/)� 8#4� &0/'� #/&� #� (+/#-� 10-:.'3� .#<

5'3+#-� 8#4� %*04'/�

"0� '/463'� 5*#5� 5*'� 4'%0/&� .#5%*+/)� -#:'3� .#5'3+#-� 4'-'%5'&

8#4� #113013+#5'� +/� 5'3.4� 0(� 53#/4&6%'3� 3'-+#$+-+5:�� '95'/4+7'

'/7+30/.'/5#-� 5'45+/)� 8#4� &0/'�� "*'� 5'45+/)� +/%-6&'&� 453+('

�453'44� 50� (#+-63'�� 5'45+/)� +/� 4'7'3'� 5'.1'3#563'� #/&� *6.+&+5:

'/7+30/.'/54�� �4� #� 3'46-5� 0(� 5*'� 453+('� 5'45+/)�� &'4+)/� %*#/)'4

8'3'� +.1-'.'/5'&� 50� +.1307'� 5*'� 30$645/'44� 0(� 5*'� 130&6%5�

�� %0.1#3+40/� 0(� 5*'� #%0645+%� 3'410/4'� 0(� 53#/4&6%'34� 8+5*

#/&� 8+5*065� 4'%0/&� .#5%*+/)� -#:'34� 8#4� &0/'�� "*'� 3'46-54

4*08'&� 5*#5� 5*'� 16-4'� -'/)5*4� #3'� )3'#5-:� 3'&6%'&� 8+5*� 4'%<

0/&� .#5%*+/)� -#:'34�� �%0645+%� 16-4'� #/&� 41'%536.� 5'45� &#5#

%0.1#3+/)� ���<��;� 53#/4&6%'34� 8+5*� #/&� 8+5*065� 4'%0/&

.#5%*+/)� -#:'34� +4� 4*08/� +/� �+)�� 
��� "*'� )3#1*� 4*084� 5*#5

5*'3'� +4� #� 4+)/+(+%#/5� &'%3'#4'� +/� 5*'� ��	<&�� #/&� �
	<&�� 16-4'

-'/)5*4� 0(� 5*'� 53#/4&6%'34� 8+5*� 4'%0/&� .#5%*+/)� -#:'34�

Fig. 15.� �0.1#3+40/� 0(� 16-4'� -'/)5*4� #5� 7#3+064� 53#/4.+55'&� $'#.

#.1-+56&'4� $'-08� 5*'� .#9+.6.� (03� ��� ���<��;� 53#/4&6%'34� 8+5*

#/&� 8+5*065� 4'%0/&� .#5%*+/)� -#:'34�

Pu
ls

e 
Le

ng
th

HP 21258B
Second

Matching
Layer

HP 21258A
No Second
Matching

Layer

Transducer

–20 dB

–30 dB

Amplitude Relative to Maximum: –40 dB

"*'� .#+/� &3#8$#%,� 50� #&&+/)� #� 4'%0/&� .#5%*+/)� -#:'3� +4

#%0645+%� %3044<%061-+/)� $'58''/� /'+)*$03+/)� '-'.'/54�

8*+%*� %#64'4� '/'3):� 50� $'� -045� 8*'/� 5*'� #33#:� +4� 45''3'&

0((<#9+4� �30--<0((��� �30.� 5*'� +/7'45+)#5+0/�� 8'� (06/&� 5*#5� 5*'

30--<0((� #5� 
�° � &+&� +/%3'#4'� 4-+)*5-:� 8+5*� 5*'� 4'%0/&� .#5%*+/)
-#:'3�� "0� )#+/� #� $'55'3� 6/&'345#/&+/)� 0(� *08� 5*+4� 806-&� #(<

('%5� 5*'� ��� +.#)'� 26#-+5:� #/&� 5*'� %0-03� (-08� #/&� �011-'3

1'3(03.#/%'� 0(� 5*'� 53#/4&6%'3�� %-+/+%#-� 53+#-4� 8'3'� &0/'�

����
	�� ���
����� ������

!'7'3#-� 13'('3'/%'� %-+/+%#-� 53+#-4� 8'3'� &0/'� +/<*064'� #/&�

#5� .#/:� &+(('3'/5� 4+5'4�� $05*� 7#4%6-#3� #/&� .+9'&� %#3&+#%�

7#4%6-#3�� "*'� .#+/� )0#-� 8#4� 50� 5'45� 5*'� /'8� 7'34+0/� �� -+/'#3

#33#:4� 8+5*� #&&'&� 4'%0/&� .#5%*+/)� -#:'34� #)#+/45� 5*'� 7'3<

4+0/� �� -+/'#3� #33#:4� 8+5*065� 4'%0/&� .#5%*+/)� -#:'34�� �/� #&&+<

5+0/�� %-+/+%#-� +/(03.#5+0/� 8#4� )#5*'3'&� 0/� 5*'� 1'3(03.#/%'

0(� 5*'4'� /'8� 7'34+0/� �� -+/'#3� #33#:4� 7'3464� 5*'� 7'34+0/� �

-+/'#3� #33#:4� #/&� 5*'� %0.1'5+5+0/�4� -+/'#3<#33#:� 53#/4&6%'34�

"*'� 580� .#+/� #3'#4� 0(� +/5'3'45� 8'3'� 5*'� /'#3<(+'-&� 3'40-65+0/

#/&� 5*'� %0-03� (-08� 1'3(03.#/%'�

"*'� %-+/+%#-� 53+#-� 3'46-54� 8'3'� 7'3:� 104+5+7'�� �� %-'#3� +.1307'<

.'/5� +/� 5*'� ��� +.#)'� 26#-+5:� 8#4� 4''/� +/� #--� 0(� 5*'� 5'454� +/

8*+%*� 5*'� 7'34+0/� �� 53#/4&6%'3� 8+5*� 5*'� 4'%0/&� .#5%*+/)

-#:'3� 8#4� %0.1#3'&� 50� 5*'� 7'34+0/� �� 53#/4&6%'34� 8+5*065

4'%0/&� .#5%*+/)� -#:'34�� �/� '9#.1-'� +4� 4*08/� +/� �+)�� 
��

8*+%*� 4*084� 580� ��� +.#)'4� 0(� 5*'� 3#&+#-� #35'3:� +/� 5*'� #3.

�	��� %.� &''1��� "*'� (+345� +.#)'� 8#4� 5#,'/� 8+5*� 5*'� 7'34+0/� �

���<��;� -+/'#3� #33#:� #/&� 5*'� 4'%0/&� 8#4� 5#,'/� 8+5*� 5*'� 7'3<

4+0/� �� ���<��;� -+/'#3� #33#:�� "*'� /'#3<(+'-&� +.#)'� 26#-+5:� +4

.6%*� +.1307'&� 8+5*� 5*'� 7'34+0/� �� 53#/4&6%'3�� #4� &'.0/<

453#5'&� $:� 5*'� %-#3+5:� 0(� 5*'� *03+;0/5#-� #35'3:� /'#3� 5*'� 501� 0(

5*'� 3+)*5*#/&� +.#)'� +/� �+)�� 
��� "*'� %0-03� (-08� #/&� �011-'3

1'3(03.#/%'4� 8'3'� &'5'3.+/'&� 50� $'� #$065� '26+7#-'/5� 03

4-+)*5-:� $'55'3�� "*'� 7'34+0/� �� 53#/4&6%'3� 8+5*� 5*'� 4'%0/&

.#5%*+/)� -#:'3� #-40� 1'3(03.'&� 8'--� #)#+/45� 5*'� %0.1'5+5+0/�4

53#/4&6%'34�

�+)�� 
�� 4*084� #� $#3� )3#1*� %0.1#3+/)� 5*'� %-+/+%#-� 1'3(03<

.#/%'� 0(� 5*'� 7'34+0/� �� #/&� �� ���<��;� 53#/4&6%'34� 8+5*� 580

%0.1'5+5034�� 5*'� *+)*'3� 4%03'� +/&+%#5'4� $'55'3� 1'3(03.#/%'�

�7'3#--�� 5*'� /'#3<(+'-&� 1'3(03.#/%'� 8#4� +.1307'&�� 5*64

#%*+'7+/)� 5*'� &'4+)/� )0#-�



��� � � � � � � � �;-;9:� 
��
� �+=2+::A!')1'8*� �5;84'2

Fig. 16.� ��� /3'-+9� 5,� :.+� 8'*/'2

'8:+8?� /4� :.+� '83�� �2+,:�� �!

�
����� :8'49*;)+8�� �8/-.:�� �!

�
����� :8'49*;)+8�

�		�������� �
����
�

�4� '**/:/54� :5� :.+� 9.58:+8� 6;29+� 2+4-:.9�� :.+� 4+=� 2/4+'8� '88'?9

.'<+� :.+� '(/2/:?� :5� 56+8':+� ':� :=5� ,8+7;+4)/+9� '9� '� 8+9;2:� 5,

:.+� /4)8+'9+� /4� :.+/8� ('4*=/*:.�� &/:.� 953+� 9?9:+3� ).'4-+9�

:.+� �!� �
����� (+)'3+� '� ���	���A��@� :8'49*;)+8� '4*� :.+� �!

�
����� (+)'3+� '� 
��	���A��@� :8'49*;)+8�� $./9� *;'2A,8+7;+4)?

,+':;8+� +4.'4)+*� :.+� 6+8,583'4)+� 5,� :.+9+� :8'49*;)+89� /4

'**/:/54� :5� 3'1/4-� :.+3� ;4/7;+� ':� :.':� :/3+� /4� :.+� <'9);2'8

/3'-/4-� 3'81+:�

�'4;,'):;8/4-� 3+:.5*9� =+8+� '295� /3685<+*� ,58� :.+� <+89/54

�� 2/4+'8� 6.'9+*� '88'?9�� $'1/4-� '*<'4:'-+� 5,� 9:':+A5,A:.+A'8:

'99+3(2?� :+).4/7;+9� /4� 54+� 3'4;,'):;8/4-� 9:+6� 8+9;2:+*� /4� '

:.8++,52*� *+)8+'9+� /4� )?)2+� :/3+� =./2+� 3'1/4-� :.+� 685)+99

+'9/+8� ,58� :.+� 56+8':589�

�45:.+8� ,+':;8+� :.':� ='9� '**+*� ='9� :.+� '(/2/:?� 5,� :.+� :8'49A

*;)+89� :5� /3'-+� '4� +>6'4*+*� </+=�� $./9� 4+=� /3'-/4-� ,58A

3':� /9� )'22+*� :8'6+@5/*'2� /3'-/4-� '4*� 9.5=9� '� 3;).� 2'8-+8

'8+'�� $8'6+@5/*'2� /3'-/4-� ='9� *+<+256+*� 5;:9/*+� :.+� :8'49A

*;)+8� /3'-+� 7;'2/:?� /3685<+3+4:� 6850+):� '4*� /9� 45:� )5<+8+*

/4� *+:'/2� /4� :./9� '8:/)2+�� �� )536'8/954� 5,� '� :?6/)'2� 2/4+'8� '88'?

/3'-+� '4*� '� :8'6+@5/*'2� /3'-+� /9� 9.5=4� /4� �/-�� 
��� $.+� +>A

6'4*+*� </+=� '225=9� 9545-8'6.+89� :5� 9++� 358+� 5,� :.+� 2'8-+8

9:8;):;8+9� 9;).� '9� :.+� 1/*4+?� '22� /4� 54+� /3'-+�� �++*(')1� 54

:./9� 4+=� ,+':;8+� .'9� (++4� +>:8+3+2?� 659/:/<+�� �;9:53+89

Fig. 17.� �2/4/)'2� :8/'2� 8+9;2:9� 9.5=/4-� 3+'9;8+*� ;9+8� 68+,+8+4)+� ,58

/3'-+� 7;'2/:?� 5,� <'9);2'8� 6+8,583'4)+� 5,� '6685>/3':+2?� �A��@

:8'49*;)+89�� !8+,+8+4)+� /9� 3+'9;8+*� 8+2':/<+� :5� :.+� �!� �
�����

2

1

Pr
ef

er
en

ce

0
HP 21258A Competitor 1 HP 21258B Competitor 2

.'<+� 8+658:+*� (+::+8� '4*� ,'9:+8� */'-459+9� =/:.� :8'6+@5/*'2

/3'-/4-�� $.+� :8'6+@5/*'2� /3'-/4-� ,583':� /9� '45:.+8� */9:/4):

,+':;8+� 5,� :.+9+� 4+=� 2/4+'8A'88'?� :8'49*;)+89�

$.+� +8-5453/)� 658:/54� 5,� :./9� 6850+):� ='9� '295� <+8?� 9;))+99A

,;2�� $.+� 9/@+� 5,� :.+� <+89/54� �� :8'49*;)+8� ='9� 8+*;)+*� (?

358+� :.'4� ���� )536'8+*� :5� <+89/54� ��� �+=� )'(2+� :+).4525-?

'225=+*� 93'22+8� '4*� 2/-.:+8� )'(2+9�� 8+9;2:/4-� /4� '� <+89/54� �

'99+3(2?� :.':� /9� :=5A:./8*9� :.+� =+/-.:� 5,� <+89/54� ��

$.+� <+89/54� �� <'9);2'8� 2/4+'8� '88'?� :8'49*;)+89� '8+� 9.5=4� /4

�/-�� 
��

����������

�4� �;4+� 5,� 
����� :.+� :=5� <+89/54� �� 2/4+'8� 6.'9+*A'88'?� :8'49A

*;)+89� =+8+� /4:85*;)+*� ':� :.+� #5)/+:?� 5,� %'9);2'8� $+).4525-?

'4*� :.+� �3+8/)'4� #5)/+:?� 5,� �).5)'8*/525-?� )54,+8+4)+9�

$.+� :8'49*;)+89� =+8+� =+22A'))+6:+*� (?� 6.?9/)/'49� '4*

9545-8'6.+89�� '4*� :.+� 58*+8� 8':+� ,58� :.+� <+89/54� �� 2/4+'8

6.'9+*A'88'?� :8'49*;)+89� /9� 9+<+8'2� :/3+9� :.':� ,58� :.+� <+89/54

�� 2/4+'8� 6.'9+*A'88'?� :8'49*;)+89�� $5*'?� :.+9+� 4+=� <'9);2'8

:8'49*;)+89� '8+� .+26/4-� )2/4/)/'49� 685</*+� 358+� '));8':+

*/'-459+9� =/:.� /3685<+*� /3'-+� 7;'2/:?�� /3685<+*� +8-5453A

/)9�� '4*� :8'6+@5/*'2� /3'-/4-� ,583':�

��
����
	�
�
���

�'4?� 6+562+� )54:8/(;:+*� :5� :.+� 9;))+99� 5,� :.+� :8'49*;)+8

658:/54� 5,� :.+� <+89/54� �� 2/4+'8� '88'?� 6850+):�� "/)1� #4?*+8

).'36/54+*� 9:++8'(2+� 2/4+'8� '88'?9� ':� :.+� �!� �3'-/4-� #?9A

:+39� �/</9/54� /4� :.+� +'82?� 9:'-+9�� "'?�  ��544+22� ='9� :.+

"��� 3'4'-+8� ,58� :./9� 6850+):�� #53+� 5,� :.+� 58/-/4'2� /3'-+

7;'2/:?� :+'3� 3+3(+89� =+8+� �'8:.'� �+22+8�� �'8?� #+'<+?�� '4*

�*� !'84'-/'4�� $.+� +8-5453/)9� :+'3� 3+3(+89� /4)2;*+*� �*

!'84'-/'4�� "+--/+� $;)1+8�� �'8:.'� �58/54*5�� '4*� �8+-

!+':,/+2*�� $.+� :+'39� .'*� -8+':� :+).4/)/'4� .+26� ,853� �/4.

!.'3�� �/;2/'4'� �/'82'�� #'4*?� �+)1+8�� $54?� �;-45�� '4*� 3'4?

5:.+8� 3'4;,'):;8/4-� 56+8':589�� $.+� +4-/4++8/4-� :+'39� =+8+

2':+8� +>6'4*+*� :5� /4)2;*+� �8+-� %5-+2�� �'9./� �.'18'<'8:?�

$85?� �/+29+4�� #+'4� �8'49:54�� !';2� �'8:/+8�� �54� "5;81+�� '4*

�'4� #:+36+2�� �� 25:� 5,� .+26� )'3+� ,853� 3'81+:/4-� =./).� ='9

8+68+9+4:+*� (?� !':� %+4:+89� '4*� #:5)1:54� �/22+8A�54+9�� �'4



�</<:;� 
��
� �->3-;;C )+2)9,� �6<95)3� � � � � � � ��

Fig. 18.� ��� 14)/-:� :06>15/� ;0-� *-5-.1;:� 6.� ;0-� ;9)7-A61,)3� .694);�� �)�� �15-)9C)99)@� .694);�� �*�� $9)7-A61,)3� .694);�

(a) (b)

�6;-� >):� 8<1;-� 0-37.<3� >1;0� ;0-� !��� )5,� +<:;64-9� :<9=-@:�

�15)33@�� �)13� (>-9315/��  )<3� �)/515�� ")@� ���655-33�� �65

�96.156�� )5,� "1+2� #5@,-9� >-9-� )33� 0-37.<3� 15� -,1;15/� )5,

796=1,15/� ),=1+-� 15� >91;15/� ;01:� )9;1+3-�

Fig. 19.� � � �
����� )5,� �
����� 315-)9� 70):-,C)99)@� =):+<3)9�

<3;9):6<5,� ;9)5:,<+-9:�

���������	


�� ��� �<+2�� ��$������ ������ ���� ��� ����!��� �� �����������"��

���������� ����� � �+),-41+�  9-::�� 
��	�

��� ��� #-3.91,/-�� B�7796?14);-� �);-91)3�  967-9;1-:� 15� �:6;9671+�

�);-91)3:��� 	���� ������� ����� ��� 
������ ���� �� ��������� � &63�� #%C���

�)@� 
����� 77�� ��
C��
�

��� ��#��  %�������� 
�!����� � �+;6*-9� 
����� -5;19-� 1::<-�


�� ��#��  %�������� 
�!������ �<5-� 
����� 77�� �	C
��

��� ��� �)9:65�� ����� B�5� �+6<:;1+� $9)5:,<+-9� �99)@� .69� �-,1+)3� �4)/15/D

 )9;� ���� ��#��  %�������� 
�!����� � &63�� �
�� 56�� 
	�� �+;6*-9� 
����� 77�


�C���

��� ��� �133-9�� B�5� �+6<:;1+� $9)5:,<+-9� �99)@� .69� �-,1+)3� �4)/15/D

 )9;� ����� ��#��  %�������� 
�!����� � &63�� �
�� 56�� 
	�� �+;6*-9� 
����� 77�

��C���

��� $�� #A)*6� )5,� ��� #-)=-@�� B"),1);-,�  6>-9� �0)9)+;-91:;1+:� 6.� �1)/C

56:;1+� %3;9):6<5,� $9)5:,<+-9:��� ��#��  %�������� 
�!����� � &63�� �
�

56�� 
	�� �+;6*-9� 
����� 77�� ��C���

��� ��� �)<:-9� )5,� ��� �3)<:15/�� B$0-� �6<:-� 6.� !<)31;@��� ���"���

�!������� ��"��#�� &63�� ���� 56�� ��� �)@C�<5-� 
����� 77�� ��C���

��� ��� �156�� ���!� ��� ��"��� �  9-5;1+-C�)33�� �5+��� 
����


	�� ��� �)331,)@� )5,� "�� "-:51+2�� �!������ ���� ��� ��$������ 
�����

��� ���� � �605� '13-@� �� #65:�� 
��
�



��� � � � � � � � �4&423� 	���� �$6+$339� "* 1#� �.41- +

����������� ����!���� ���� ������� ��� ���
��������� ��� �� 
�������� ���� ������

������� ��� ��

The project team felt that the objectives could not be met with a traditional
design approach. Structured analysis with real-time extensions and
structured design provided an effective alternative.
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ADCP = Avesta Device Control Protocol
AFCP = Avesta Flow Control Protocol
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���� finish_read � '(&��))� *(�%)�&($)� *��� device_read_reply � � %� ��1
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device_read_reply (data flow) = *read reply from device layer to *
*logical layer. Contains read status, *
*length, and data pointer. *

status
+ length
+ data_pointer

†† Here the asterisks indicate comments, the square brackets indicate a choice of one of the
enclosed items, the vertical bar means OR, and the plus sign means AND. TC means terminal
control, QIO is quiesce I/O (flush outstanding input/output and wait for completion), RID
means request identification number, and TIO is terminal I/O.
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FIOM_device_IO_reply (data flow) = [ device_read_reply
| device_write_reply
| device_TC_reply
| device_preempt_write_reply
]

FIOM_logical_reply (control flow) = [ logical_read_reply
| logical_write_reply
| logical_TC_reply
| logical_QIO_reply
| logical_disconnect
| logical_abort
]

logical_IO_info (data flow) = FIOM_IO_pending
+ FIOM_IO_wait_port
+ DIOM_IO_pending
+ logical_RID_pending
+ logical_abort_RID_pending

logical_io_reply (data flow) = [ logical_read_reply
| logical_QIO_reply
| logical_TC_reply
]

read_data (data flow) = buffer_ID
+ read_status
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Fig. 4. � �*(��++� +)��"�"��,"('� �(*� )*(��++� finish_read�

NAME:
2.3.2.3;3

TITLE:
finish_read

INPUT/OUTPUT:
read_data : data_in
device_read_reply : data_in
unused_buffer : data_out
logical_IO_info : data_inout
logical_IO_reply : data_out

BODY:
transfer data (if any) to destination, doing backspace processing and freeing
unused buffers during the transfer;

send logical_IO_reply with status from device_read_reply or read_data msg;
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Note: If an entry is blank, it is an “impossible” condition which should not be encountered due to subqueue restraints, etc.
If the condition is hit, error code (not shown) will take appropriate action.

event

state
FIOM_logical_reply =
“logical_read_reply”

FIOM_logical_reply =
“logical_write_reply”

FIOM_logical_reply =
“logical_TC_reply”

FIOM_logical_reply =
“logical_QIO_reply”

FIOM_logical_reply =
“logical_disconnect”

FIOM_logical_reply =
“logical_abort”

closed

open_pending

idle

read_pending

QIO_pending

TC_pending

close_pending

close_timer_running

finish_write/
idle

finish_read/
idle

finish_write/
idle

finish_TC/
idle

finish_QIO/
idle

do_disconnect/
close_pending

do_disconnect/
close_pending

do_disconnect/
close_pending

do_disconnect/
close_pending

do_abort/
idle

do_abort/
idle

do_abort/
idle

do_abort/
idle

2.3.2-s1;4
FIOM_logical_cmpl_SEM
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† Note: Some of the process names are capitalized or spelled differently in Figs. 8, 9, 10, and 11
and in the text of this paper. Some names did change between the structured analysis docu-
ment and the structured design document. In the module specification, Fig. 10, the engineer
chose to capitalize the function codes, request types, and procedures called. In Fig. 11, the
names are capitalized because the coding convention that was followed capitalized procedure
calls. The MPE/iX operating system is case insensitive, so the differences are insignificant.
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NAME:
FIOM_main;2

TITLE:
FIOM_main

PARAMETERS:
SM_CB
SM_arg_list
return_status

LOCALS:
request
status

GLOBALS:

BODY:
*****************************************************************************

Calling parms:

  SM_CB –– pointer to SM control block
  SM_arg_list –– pointer to storage manager arguments

*****************************************************************************

TIO_CB := SM_CB^.fwrt_cb;   * used to be fast write control block *

case SM_arg_list^.sm_generic_parms.func_code of

  SM_READ_FN:
    request := READ_REQ;

  SM_WRITE_FN:
    request := WRITE_REQ;

  SM_CONTROL_FN:
    if (SM_arg_list^.sm_control_parms_t.* terminal control * <> TC_QUIESCE_IO)
      request := TC_REQ;
    else
      request := QIO_REQ;

  SM_DEVCONTROL_FN:
    request := TC_REQ;

end;

* since this is the FIOM, and FIOM only handles waited I/O, always block *
* if necessary to get semaphores. *

status := UT_GET_S1 (FIOM, TRUE);
if (status <> TRUE)
  * error, log and exit *;

status := UT_GET_S2 (FIOM, TRUE);
if (status <> TRUE)
  * error, log and exit *;

if (TIO_CB^.device_type = * terminal *)
  status := FIOM_HANDLE_TERMINAL_REQS (request, SM_arg_list);
else
  status := FIOM_HANDLE_PRINTER_REQS (request, SM_arg_list);

return_status := MAP_TO_OS_STATUS (status);

UT_FREE_SEMAPHORES;

(��(� (��� &���(� �#�$&"�(�$#� +�'� �*��!��!�� ($� (��� "$�)!�'�� �#�
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1664 691.000 2   begin  { tio_fiom }
1664 691.000 2
1664 691.000 2   try
1664 691.000 2   begin { Try section }
1664 691.000 2
1664 691.000 2     tio_cb  :=  tio_cb_ptr_type( fiom_cb_ptr );
1664 691.000 2
1664 691.000 2     l_index := 0;

1664 691.000 2 {––––––––––––––––––––––––––––––––––––––––––––––––– }
1664 691.000 2 { The FIOM only handles blocked IO, always block }
1664 691.000 2 { if necessary to obtain semaphores }
1664 692.000 2 {––––––––––––––––––––––––––––––––––––––––––––––––– }
1664 693.000 2     if ( CUT_GET_S1 (tio_cb, Fiom) ) then
1665 694.000 2         if ( CUT_GET_S2 (tio_cb, Fiom) ) then
1666 695.000 2             if ( not (tio_cb^.device_type.printer) ) then
1667 696.000 2               { terminal }
1667 697.000 2               status := FIOM_HANDLE_TERMINAL_REQUESTS
1668 698.000 2                                         ( sm_arg_list_ptr_t(arg_list))
1668 699.000 2             else
1668 700.000 2                 { printer }
1668 701.000 2                 status := FIOM_HANDLE_PRINTER_REQUESTS
1669 702.000 2                                         ( psm_parm_ptr_t(arg_list))
1669 703.000 2          else
1669 704.000 3            begin
1669 705.000 3              {**** LOG S2 error ****}
1669 706.000 3              status := Bad_status;
1670 707.000 3              l_tio_status.int_status.status_code := Internal_err;
1671 708.000 3              l_tio_status.int_status.layer := Main_layer;
1672 709.000 3              l_tio_status.int_status.proc_number := Pn_tio_fiom;
1673 710.000 3              l_tio_status.int_status.location := 0;
1674 711.000 3              l_tio_status.int_status.llio_flag := False;
1675 712.000 3              l_tio_status.ext_status_hpe := status;
1676 713.000 3
1676 714.000 3              CUT_LOGMSG ( tio_cb,
1677 715.000 3                           l_tio_status,
1677 716.000 3                           Main_layer,
1677 717.000 3                           Fiom
1677 718.000 3                         );
1677 719.000 3            end
1677 720.000 3     else
1677 721.000 3       begin
1677 722.000 3         status := Bad_status;
1678 723.000 3         {**** LOG S1 error ****}
1678 724.000 3         l_tio_status.int_status.status_code := Internal_err;
1679 725.000 3         l_tio_status.int_status.layer := Main_layer;
1680 726.000 3         l_tio_status.int_status.proc_number := Pn_tio_fiom;
1681 727.000 3         l_tio_status.int_status.location := 1;
1682 728.000 3         l_tio_status.int_status.llio_flag := False;
1683 729.000 3         l_tio_status.ext_status_hpe := status;
1684 730.000 3
1684 731.000 3         CUT_LOGMSG ( tio_cb,
1685 732.000 3                                    l_tio_status,
1685 733.000 3                                    Main_layer,
1685 734.000 3                                    Fiom
1685 735.000 3                                    );
1685 736.000 3       end;
1685 737.000 2
1685 738.000 2     CUT_FREE_S2 (tio_cb);
1686 739.000 2
1686 740.000 2     CUT_FREE_S1 (tio_cb);
1687 741.000 2
1687 742.000 2   end;  { Try section }
1687 743.000 1
1687 744.000 1   recover
1687 745.000 2   begin { Recover section }
1687 746.000 2
1687 747.000 2
1687 748.000 2     case ESCAPECODE of
1688 749.000 2       0 : ;
1688 750.000 2     otherwise
1688 751.000 3       begin
1688 752.000 3         l_tio_status.int_status.status_code := External_err;
1689 753.000 3         l_tio_status.int_status.layer := Main_layer;
1690 754.000 3         l_tio_status.int_status.proc_number := Pn_tio_fiom;
1691 755.000 3         l_tio_status.int_status.location := 2;
1692 756.000 3         l_tio_status.int_status.llio_flag := False;
1693 757.000 3         l_tio_status.ext_status_hpe := hpe_status(ESCAPECODE);
1694 758.000 3
1694 759.000 3         CUT_LOGMSG ( tio_cb,
1695 760.000 3                                    l_tio_status,
1695 761.000 3                                    Main_layer,
1695 762.000 3                                    Fiom
1695 763.000 3                                    );
1695 764.000 3       end;
1695 765.000 2     end;
1695 766.000 2   end;  { Recover section }
1695 767.000 1   end;   { tio_fiom }
1695 768.000 0
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In a data-driven test system, all product-specific information is stored in
files. Within a product classification, the test software contains no
product-specific information and does not have to be changed to test a
new product. This concept lowers new product introduction costs.
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Model 5086-7621 Power Amplifier

Model 5086-5781 Power Amplifier
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Model 5086-7153 Power Amplifier

OPERATOR SETUP = “Connect the
AMP Input to Source”

INPUT POWER LVL = “10”
INPUT POWER LVL = “0”
FREQUENCY PNT 1 = “100”
FREQUENCY PNT 2 = “300”
FREQUENCY PNT 3 = “1.00E+3”

Model 5086-5991 Amplifier with Mod

Model 5086-5886 Amplifier

Model 5086-5879 Amplifier with Split-
ter

OPERATOR SETUP = “Connect the
AMP Input to source using 10 dB
pad”

INPUT POWER LVL = “6”
FREQUENCY PNT 1 = “500”
FREQUENCY PNT 2 = “800”
FREQUENCY PNT 3 = “1.00E+3”
FREQUENCY PNT 4 = “2.00E+3”
FREQUENCY PNT 5 = “5.00E+3”

Product-Specific Files



��� � � � � � � � �0"0./� ����� � 2' //5���&�-�� �*0-)�'

Fig. 5.� �$& � ��/�5�-$1 )� / ./� .*!/2�- �� /# � ��/�5�-$1 )� / ./�  3 �0/$1 

$.� (�� � 0+� *!� �*((*)� �)�� .+ �$!$�� $)!*-(�/$*)�

      ”      H
      ”      G

      ”      F
      ”      E

      ”      D
      ”      C

Product A

      ”      B

Specific InformationCommon Information

Test
Programs

Station
Calibration
Programs

Test Executive Tasks

Menu
Handling

Test
Execution

Specific
File

Handling

Data
Display

Equipment
Driver

Loading

Data
Storage

Data
Retrieval

Product-Specific Files

�# � +-*�0�/5.+ �$!$�� !$' .� �*)/�$)� /# � +-*�0�/� ( �.0- ( )/

+�-�( / -.� �)�� 1�'0 .� - ,0$- �� �4� /# � +-*"-�(� /*� (�& � /# 

( �.0- ( )/�� �#$.� .�( � / ./� .*!/2�- � ��)� � � - 0. �� !*-� �)4

�(+'$!$ -� �4� �0$'�$)"� �� +-*�0�/5.+ �$!$�� !$' � /#�/� �*)/�$).� /# 

�(+'$!$ -�.� ( �.0- ( )/� +�-�( / -.�

�	��� ��	�����	

�''� (�)0!��/0- -.� /#�/� �- � �*)� -) �� 2$/#� +-*�0�/� / ./� ��/�

)  �� .*( � !*-(� *!� �� / ./�  3 �0/$1 �� �� / ./�  3 �0/$1 � $.� �

.*!/2�- � +��&�" � /#�/� #�)�' .� /# � ��($)$./-�/$1 � �)�� (�)5

�" ( )/� - .+*).$�$'$/$ .� �..*�$�/ �� 2$/#� / ./� ��/��� �1 )

/#*0"#� /# � �0/$ .� *!� /# � (�)4� / ./�  3 �0/$1 .� �1�$'��' � 1�-4

� + )�$)"� 0+*)� 0. -� )  �.�� �''� / ./�  3 �0/$1 .� #�1 � /# 

.�( � ��.$�� /�.&.� �.� .#*2)� $)� �$"�� 	�

�$& � /# � / ./� .*!/2�- �� / ./�  3 �0/$1 � .*!/2�- � $.� (�� � 0+� *!

�*((*)� �)�� .+ �$!$�� $)!*-(�/$*)�� �4� �++'4$)"� /# � ��/�5

�-$1 )� /# *-4� /*� /# � / ./�  3 �0/$1 � .*!/2�- �� �� ��/�5�-$1 )

/ ./�  3 �0/$1 � - .0'/.�� �# � / ./�  3 �0/$1 � .*!/2�- � /# )� � 5

�*( .� ./�/$�� �)�� �)4� 1�-4$)"� +-*�0�/� $)!*-(�/$*)� - ,0$- �� �4

/# � / ./�  3 �0/$1 � $.� �1�$'��' � !-*(�  3/ -)�'� +-*�0�/5.+ �$!$�

!$' .�� �# � �0$'�$)"� *!� /# . � !$' .� ��)� �'.*� � � �0/*(�/ �� 0.$)"

(�./ -� !$' .� �)�� �)�  �$/*-�

�# � �*(�$)�/$*)� *!� ��/�5�-$1 )� / ./� .*!/2�- � �)�� �� ��/�5

�-$1 )� / ./�  3 �0/$1 � $.� �� ��/�5�-$1 )� / ./� .4./ (�� �# � (�%*-

� ) !$/� *!� �� ��/�5�-$1 )� / ./� .4./ (� $.� /#�/� �''� /# � .*!/2�- 

2$/#$)� /# � / ./� .4./ (� $.� ./�/$��� �#$.� � ) !$/� - �0� .� /# �  35

+ ).$1 � �)�� /$( 5�*).0($)"� �4�' � *!� +-*�0�/5.+ �$!$�� .*!/5

2�- � - " ) -�/$*)� ��-*..� �� +-*�0�/� �'�..$!$��/$*)�� �*-� / ./

( /#*�.� - ,0$- �� �4� �� ) 2� +-*�0�/� /#�/� �- � )*/� �1�$'��' � $)

�)�  3$./$)"� ��/�5�-$1 )� .4./ (�� /# � / ./� ( /#*�� �)�� �..*�$5

�/ �� / ./� .*!/2�- � (0./� � � � 1 '*+ ��� �!� /# � ) 2� / ./.� �- 

� 1 '*+ �� 0.$)"� /# � ��/�5�-$1 )� /# *-4�� /# )� /# � / ./.� 2$''

� �*( � +�-/� *!� /# � .4./ (�.� - 0.��' � / ./.� �)�� 2$''� � � �1�$'5

��' � !*-� /# � ) 3/� ) 2� +-*�0�/�� �/# -� & 4� � ) !$/.� �- � / ./

.4./ (� .0++*-/� �)�� /# � �0/*(�/$*)� *!� / ./� .4./ (�  3+�).$*)�

����
���


�� ��/�5�-$1 )� / ./� .4./ (� ��)� � � .0++*-/ �� �4� �� .4./ (� ��5

($)$./-�/*-� 2#*� - .$� .� *)� /# � +-*�0�/$*)� '$) � 2# - � /# � / ./

.4./ (� $.� 0. ��� �# � .4./ (� ��($)$./-�/*-� ��)� � � �� #$"#5' 1 '

/ �#)$�$�)� 2#*� #�.� .*( � ( �.0- ( )/� �)�� / ./�  ,0$+( )/

&)*2' �" �� � ��0. � /# � / ./� .4./ (� .*!/2�- � $.� ./�/$��� /#$.

Fig. 6. � ��/�5�-$1 )� / ./� .4./ (�  3+�).$*)�

Product
Specifications

System
Adminis-

tration

Master
Files

Product-
Specific

Files

Expand
Test

SystemDefine
Tables

Ready for
Testing

$)�$1$�0�'� �* .� )*/� )  �� /*� #�1 � �)4� .*!/2�- �  3+ -/$. �� �# 

.4./ (� ��($)$./-�/*-�.� (�$)� �0/4� $.� / ./� .4./ (�  3+�).$*)�

� ./� .4./ (�  3+�).$*)� $.� /# � +-*� ..� *!� ���$)"� �� ) 2� +-*�0�/

/*� �� / ./� .4./ (� /#�/� �'- ��4�  3$./.� $)� /# � (�)0!��/0-$)"�  )1$5

-*)( )/�� �#$.� +-*� ..�� 2# /# -� !*-� /# � /-��$/$*)�'� +-*�0�/5

.+ �$!$�� / ./� .4./ (� *-� �� ��/�5�-$1 )� / ./� .4./ (�� ��)� � 

�-*& )� �*2)� $)/*� /2*� ./ +.
� ���$)"� /# � +-*�0�/� $)/*� �)

 3$./$)"� / ./� .4./ (� �)�� /# � $)$/$�'� +-*�0�/� / ./$)"�

�)� /# � /-��$/$*)�'� +-*�0�/5.+ �$!$�� / ./� .4./ (�� +-*�0�/� ���$5

/$*)� /�& .� �++-*3$(�/ '4� *) � ��4� /*�  $"#/� 2  &.�� �#$.� /$( 

!-�( � $.� �$- �/'4� +-*+*-/$*)�'� /*� /# � �(*0)/� *!� +-*�0�/5.+ 5

�$!$�� 1�'0 .� /#�/� �- � $(� �� �� $)� /# � / ./� .4./ (� .*!/2�- �

�-*�0�/� ���$/$*)� $)� /#$.� /4+ � *!� / ./� .4./ (� (0./� � � + -5

!*-( �� �4� $)�$1$�0�'.� 2$/#� / ./� .*!/2�- � �)�� / ./�  3 �0/$1 

 3+ -/$. �� �# � /$( � !*-� +-*�0�/� ���$/$*)� $)� �� ��/�5�-$1 )� / ./

.4./ (� $.� �++-*3$(�/ '4� *) � #*0-� �)�� ��)� � � ���*(+'$.# �

�4� $)�$1$�0�'.� 2#*� #�1 � )*� / ./� .*!/2�- � *-� / ./�  3 �0/$1 

&)*2' �" �

�3+�).$*)� *!� �� ��/�5�-$1 )� / ./� .4./ (� ��)� � � ���*(+'$.# �

 �.$'4� �)�� -�+$�'4� 2$/#� �� +-*"-�((�/$�� +-*� �0- �� �# � .4.5

/ (�  3+�).$*)� +-*� ..� $.� .#*2)� $)� �$"�� 
�

�# � .4./ (� ��($)$./-�/*-� - � $1 .� �� ) 2� +-*�0�/� �)�� $/.

.+ �$!$��/$*).�� �.$)"� �� .4./ (�  3+�).$*)� +-*"-�(�� �� . /� *!

(�./ -� .+ �$!$�� !$' .�� �)�� �)�  �$/*-�� /# � .4./ (� ��($)$./-�/*-

�0$'�.� �''� /# � ) � ..�-4�  3/ -)�'� +-*�0�/5.+ �$!$�� !$' .� - 5

,0$- �� �4� /# � / ./�  3 �0/$1 � �)�� / ./� +-*"-�(.�

�
������ �	���



�!/ -� �� +-*�0�/� $.� ��� �� $)/*� �� / ./� .4./ (�� /# � $)$/$�'� +-*�5

0�/� / ./$)"� (0./� � � �*) �� �#$.� !$-./� / ./$)"� $.� 2# - � /# � .*!/5

2�- � 0. �� /*� ( �.0- � /# � +-*�0�/� .+ �$!$��/$*).� $.� 1 -$!$ �

/*� � � 2*-&$)"� +-*+ -'4�� �)� /# � +-*�0�/5.+ �$!$�� / ./� .4./ (.�

/#$.� $)$/$�'� / ./$)"� ��)� � � �� 1 -4� / �$*0.� +-*� ..� �.� .#*2)� $)

�$"�� ��

�# )� /# � ) 2� +-*�0�/� $.� ( �.0- �� !*-� /# � !$-./� /$( � �)�� /# 

( �.0- �� 1�'0 .� �- � )*/� .�/$.!��/*-4� *-� /# � / ./� .4./ (� ./*+.

� ��0. � *!� �� +-*"-�((�/$��  --*-�� /# � .*!/2�- � (0./� � 

'*�� �� $)/*� /# � �*(+0/ -�� (*�$!$ �� �� �0"" ��� �)�� - ./*- ��

�)�� /# � / ./� .4./ (� - '*�� ��� �# )� /# � +-*�0�/� $.� ( �.0- �

�"�$)�� �1 )� /#*0"#� /#$.� +-*� ..� ��)� (�� � !�./ -� 0.$)"� /2*

�*(+0/ -.�� *) � !*-� + -!*-($)"� /# � ��/0�'� ( �.0- ( )/� �)�

/# � */# -� !*-� .*!/2�- � � �0""$)"�� $)$/$�'� +-*�0�/� / ./$)"� $.



�4'423� 	���� �%6+%33:�!#*!1$� �.41-!+� � � � � � � ��

Fig. 7.� �1.$4#3:2/%#)&)#� )-)3)!+� /1.$4#3� 3%23)-'�

Verify
Measured

Values

Measure
DUT

Test
Data

Reload
Test

System

Modify
Software

Load
Software

Ready for
Production

3),%:#.-24,)-'� !-$� (!2� 3.� "%� /%1&.1,%$� "8� )-$)5)$4!+2� 6)3(

2.&36!1%� %7/%13)2%�

�(%� )-)3)!+� /1.$4#3� 3%23)-'� .-� !� $!3!:$1)5%-� 2823%,� )2� ,4#(

%!2)%1�� !2� 2(.6-� )-� �)'�� ��� �&3%1� 3(%� /1.$4#3� )2� !$$%$� )-3.� !

$!3!:$1)5%-� 3%23� 2823%,�� 3(%� 2823%,� !$,)-)231!3.1� /%1&.1,2

3(%� )-)3)!+� /1.$4#3� 3%23)-'�� �&� 3(%� ,%!241%$� 5!+4%2� !1%� -.3

#.11%#3�� !-8� #(!-'%2� 1%04)1%$� !1%� ,!$%� 3.� 3(%� %73%1-!+

�/1.$4#3:2/%#)&)#�� &)+%2� 3(1.4'(� !-� %$)3.1� ),,%$)!3%+8� !##%2:

2)"+%� &1.,� 3(%� *%8".!1$�� �-#%� 3(%� 2823%,� !$,)-)231!3.1� )2

2!3)2&)%$� 6)3(� 3(%� ,%!241%,%-3�� 3(%� /1.$4#3� )2� ,%!241%$� !

&)-!+� 3),%� !-$� 3(%� $!3!� )2� /1%2%-3%$� 3.� 3(%� !//1./1)!3%�

%-')-%%1� &.1� 1%5)%6�

�()2� &%!341%� .&� !� $!3!:$1)5%-� 3%23� 2823%,�� 6()#(� 2()&32� 3(%

+!".1).42� 6.1*� .&� ,%!241%,%-3� $%"4'')-'� &1.,� 3(%� 3%23

2.&36!1%� 3.� 3(%� /1.$4#3:2/%#)&)#� &)+%2�� )2� %731%,%+8� "%-%&)#)!+�

�3� -.3� .-+8� !++.62� -.-%-')-%%12� 3.� /%1&.1,� 3(%� )-)3)!+� 3%23)-'�

"43� !+2.�� 2)-#%� /1.5%-� 3%23� ,%3(.$2� !1%� "%)-'� 42%$�� 3(%

.5%1!++� )-)3)!+� 3%23)-'� /1.#%22� )2� 5%18� 2(.13�

�		
��� �
��� ����
���

�++� 3%23� 2823%,2� 6(%3(%1� .+$� .1� -%6� ,423� "%� !"+%� 3.� (!-$+%

!� 5!1)%38� .&� 3%23� 23!3).-2�� �-� 3(%� 31!$)3).-!+� /1.$4#3:2/%#)&)#

3%23� 2823%,�� 3(%� 2823%,� #.-3!)-2� 3%23:23!3).-:2/%#)&)#� 5!+4%2

),"%$$%$� )-� 3(%� 2.&36!1%��  )3(� 3(%2%� 23!3).-:2/%#)&)#� 5!+4%2

)-� 3(%� 2.&36!1%�� !$$)-'� 23!3).-2� 6)3(� %73%-$%$� #!/!")+)3)%2� .1

23!3).-� $4/+)#!3).-� #!-� "%� 5%18� 3),%:#.-24,)-'� !-$� !� 2.&3:

6!1%� %7/%13� )2� -%%$%$�� �()2� /1."+%,� $.%2-�3� %7)23� )-� !� $!3!:

$1)5%-� 3%23� 2823%,� 2)-#%� 3(%� $!3!:$1)5%-� 3%23� 2823%,� )2� 23!3).-

Fig. 8. � �!3!:$1)5%-� )-)3)!+� /1.$4#3� 3%23)-'�

Verify
Measured

Values

Measure
DUT

Test
Data

Test
System

Expansion

Ready for
Production

Product-
Specific

Files

)-$%/%-$%-3�� �(%2%� 2823%,2� -.3� .-+8� (!5%� 3(%� !")+)38� 3.� (!-:

$+%� -4,%1.42� 3%23� 23!3).-2� 6)3(� $)&&%1%-3� ,%!241%,%-3� #!/!:

")+)3)%2�� "43� 3(%8� !+2.� !++.6� &.1� 3%23� 23!3).-� $4/+)#!3).-� 6(%-:

%5%1� /1.$4#3).-� #!/!#)38� )2� %7#%%$%$�

�.1� %73%-$)-'� !� $!3!:$1)5%-� 3%23� 2823%,� 3%23� 23!3).-� #!/!")+)38�

3(%� 2823%,� !$,)-)231!3.1� "4)+$2� 3(%� -%6� 23!3).-� (!1$6!1%�

!22)'-2� 3(%� 23!3).-� !� -%6� 23!3).-� -4,"%1� !-$�.1� -!,%�� !-$

%-3%12� 3()2� )-&.1,!3).-� )-3.� 3(%� !//1./1)!3%� 3%23� 2823%,�2

23!3).-� 3!"+%�

�2)-'� 3()2� $!3!:$1)5%-� !//1.!#(�� ����� (!2� $%2)'-%$� 36.

#.,/+%3%� 3%23� 2.&36!1%� 2823%,2� !2� !� /)+.3� /1.'1!,�� �(%2%

$!3!:$1)5%-� 3%23� 2823%,2� &.#42� .-� ,%!241%,%-3� 38/%2� 6)3()-

!� /1.$4#3� #+!22)&)#!3).-�� �(%2%� 2823%,2� #.-3!)-� !� 2%3� .&� 6%++:

$%2)'-%$� 3%232� 3(!3� /%1&.1,� 38/)#!+� ,%!241%,%-32� 1%04)1%$

"8� !� /1.$4#3� #+!22)&)#!3).-�

�
�
	���	
�� ����
�

�� �
��� ����
�

�(%� ,)7%$:,.$%+� !,/+)&)%1� 3%23� 2823%,� 6!2� 3(%� &)123� 2823%,

3.� 5!+)$!3%� 3(%� $!3!:$1)5%-� 2.&36!1%� 3(%.18�� �(%� 2823%,� /%1:

&.1,2� !� 2%3� .&� "!2)#� 3%232� 3(!3� !1%� 1%04)1%$� &.1� #.,/+%3%� !,:

/+)&)%1� #(!1!#3%1)9!3).-�� �(%� 2823%,� (!2� &)5%� $)&&%1%-3� 3%23

23!3).-2�� 36.� -%36.1*� !-!+89%1� 23!3).-2� ���:��9� !-$� ��:��9

&1%04%-#8� 1!-'%2�� &.1� #.,/+%3%� 2:/!1!,%3%1� ,%!241%,%-32

!-$� 3(1%%� 2#!+!1� -%36.1*� !-!+89%1� 23!3).-2� �

��:��9�

��:��9�� !-$� ()'(:/.6%1� 

��:��9� &1%04%-#8� 1!-'%2��

�()2� 2823%,� "%'!-� 6)3(� 36.� 3%23� 23!3).-2� 6)3(� 2/%#)&)#� ,%!:

241%,%-3� #!/!")+)3)%2��  )3(� 3(%� !$$)3).-� .&� ,.1%� /1.$4#32�

3(%� -%%$� &.1� 23!3).-2� 6)3(� %73%-$%$� ,%!241%,%-3� #!/!")+):

3)%2� !1.2%�� �)-#%� 3(%� $!3!:$1)5%-� 2823%,� 2.&36!1%� )2� )-$%/%-:

$%-3� .&� 3%23� 23!3).-� %04)/,%-3�� 6%� 6%1%� !"+%� 3.� !$$� 3(1%%

!$$)3).-!+� 23!3).-2� 6)3(� %73%-$%$� ,%!241%,%-3� #!/!")+)3)%2

6)3(.43� ,.$)&8)-'� !-8� .&� 3(%� 3%23� 2823%,� 2.&36!1%�

�()2� 3%23� 2823%,� -.6� /1.5)$%2� #.,/+%3%� #(!1!#3%1)9!3).-� &.1

.5%1� &)&38� 2%/!1!3%� /1.$4#32� 6)3()-� 3(%� !,/+)&)%1� #+!22)&)#!:

3).-��  (%-%5%1� -%#%22!18�� 3(%� 3%23� 2823%,� )2� %7/!-$%$� 3.

)-#.1/.1!3%� -%6� /1.$4#32� "8� 3(%� 2823%,� !$,)-)231!3.1�� �(%

3.3!+� !5%1!'%� /1.$4#3� !$$)3).-� 3),%� )2� !//1.7),!3%+8� 3(1%%

(.412� /%1� /1.$4#3�� �(%� 3%23� /1.#%22� $%5%+./,%-3� 3),%� !-$

%7/%-2%2� &.1� 3(%2%� /1.$4#32� (!5%� "%%-� '1%!3+8� 1%$4#%$�

�.1� #.,/!1)2.-�� !� /1.$4#3:$%$)#!3%$� 3%23� 2823%,� 42%$� )-

,)#1.%+%#31.-)#� ,!-4&!#341)-'� 6!2� %7/!-$%$� &.1� !� -%6� &.+:

+.6:.-� /1.$4#3�� �()2� 2823%,�� 6()#(� 42%$� 2.,%� $!3!:$1)5%-

3%23� 2.&36!1%�� 23)++� 1%04)1%$� .-%� 6%%*� .&� %-')-%%1)-'� 3),%� &.1

#.,/+%3%� 2823%,� %7/!-2).-� "%#!42%� .&� 3(%� /1.$4#3:2/%#)&)#

)-&.1,!3).-� ),"%$$%$� 3(1.4'(.43� 3(%� 3%23� 2823%,� 2.&36!1%�

�7/!-$)-'� 3()2� 2823%,� &.1� !-.3(%1� /1.$4#3� 1%04)1%$� 3(1%%

6%%*2� .&� %-')-%%1)-'�2.&36!1%� 3),%� 2)-#%� 3(%� .1)')-!+� 3%232

#.4+$� -.3� "%� 1%42%$�� �()2� 38/%� .&� #.23+8� 1%'%-%1!3).-� #8#+%

6)++� 1%/%!3� )32%+&� !'!)-� !-$� !'!)-� 4-+%22� !� $!3!:$1)5%-� 3%23

2823%,� 1%/+!#%2� 3(%� #411%-3� 2823%,�

�(%� ,)7%$:,.$%+� !,/+)&)%1� 3%23� 2823%,� $%2)'-� !-$� 2%3� .&

3%232� 1%04)1%$� ���� $!82� .&� 2.&36!1%� $%5%+./,%-3� 3),%�� �5%-

3(.4'(� 3(%� )-)3)!+� 3%23� 2823%,� $%2)'-� 6!2� 5%18� %7/%-2)5%�

+!1'%� 2!5)-'2� .##41� %!#(� 3),%� !� /1.$4#3� )2� !$$%$� 3.� 3(%� 3%23

2823%,�� �%23� 2823%,� %7/!-2).-� &.1� !� $!3!:$1)5%-� 3%23� 2823%,

#.232� !//1.7),!3%+8� ��� 3.� 	��� 3),%2� +%22� 3(!-� 3(%� 2!,%� %7:

/!-2).-� .&� !� /1.$4#3:2/%#)&)#� 2823%,�

�(%� "1%!*:%5%-� /.)-3� .-� 3(%� ,)7%$:,.$%+� !,/+)&)%1� 3%23

2823%,� 6!2� &.4-$� 3.� "%� &.41� /1.$4#32�� 6()+%� 3(%� -4,"%1� .&



��� � � � � � � � 
(�(&'� �		�� ��*��''.�����%�� �"(%!��

#%"�(�'&� '�&'��� �,� '��� &,&'� � �&�  "%�� '��!� ���� ���� %�'(%!� "!

�!)�&' �!'� "�� '��� ��'�.�%�)�!� '�&'� &,&'� � &�"*&� '��'� '��&� ',#�

"�� '�&'� &,&'� � �&� !���&&�%,� '"� &'�,� �" #�'�'�)�� �!� '"��,�&

 �%��'#�����

Vector Network Analyzer Test System

�"%�� %���!'�,�� �� ��'�.�%�)�!� '�&'� &,&'� � *�&� ��&��!��� �!�

� #�� �!'��� �"%� �� �� ��,� "�� !�'*"%�� �!��,-�%&�� ���� �" #��+.

�',� "�� �!&'%( �!'� '�&'�!�� ���'�'��� '��'� '��� ��'�.�%�)�!� '�&'

&,&'� � ��� �� �'��� '"� �� #%"�(�'� �� ��,� �!&'���� "�� �� #%"�(�'

���&&�����'�"!�� ���� &,&'� � �&� �(%%�!'�,� '�&'�!�� ��)�� #%"�(�'&�

���� !�*� #%"�(�'� �!'%"�(�'�"!� �!��!��%� �&'� �'��� &"�'*�%�

��!�%�'�"!� '� �� &�)��� *�&� �##%"+� �'��,� ���� �!��!��%�!�

�"(%&�� �"%�� '� �� *"(��� ��)�� ���!� &�)��� �+��#'� '��'� ����.

'�"!��� '�&'&� *�%�� %�$(�%���� ���&�� !�*� '�&'&� *�%�� ��)��"#��

�!�� ������ '"� '��� &,&'� � �!� '��� ��'�.�%�)�!� �"% �'� �!�� �%�

!"*� #�%'� "�� '��� &�'� "�� '�&'&� '"� ��� (&��� �,� �('(%�� �� ��,

#%"�(�'&�


!� &(  �%,�� �,� ��&��!�!�� '�&'� &"�'*�%�� '"� ��!���� ��%��� )�%��.

'�"!&� *�'��!� �� #%"�(�'� ���&&�����'�"!�� '��� ")�%����  �!(���'(%.

�!�� %�&"(%��&� %�$(�%��� �"%� '��� ����'%����� '�&'� ��)��"# �!'

#%"��&&� �%�� %��(���� ")�%� �!� �!'�%�� #%"�(�'� ���&&�����'�"!�

���&� �!"% "(&� &�)�!�&� "��(%&� ����(&�� '��� �"!'�!(��� �!'%".

�(�'�"!� "%� %�*"%��!�� "�� !�*� #%"�(�'� '�&'� &"�'*�%�� �&�

��� �!�'���

Acknowledgments


� *"(��� ����� '"� '��!�� ���(��� 
&��!� �"%� ��&� &(##"%'� �!�

�(���!��� "!� &'%(�'(%��� �!��,&�&� �!�� &,&'� � ��&��!�� �'�)�

���'�� �"%� ��&� �('(%�&'��� )�&�"!� �!�� �'� '� �&� ���!�� ���'�� '��'� '��

'�&'� &,&'� � *"(��� ��� �" #��'��� �!� '� �� '"� &��#� ��&� #%"�(�'&�

�!�� ��&� �"!���� �"%� ��&� �!"% "(&� ���#� �!� #(''�!�� '��&� #%"���'

�!'"� *"%�&�

Authors
August 1994

6 Scientific Graphing Calculator

Diana K. Byrne

With HP since 1988, Diana
Byrne is an R&D project
manager for calculators at
the Corvallis Division. She
was born in Portland, Ore-
gon and received a BS de-
gree in mathematics from
Portland State University in
1982, an MS degree in

mathematics from the University of Oregon in 1987,
and an MS degree in computer science from the
same university in 1988. On her first HP project, she

developed software for plotting, graphics, and the
EquationWriter for the HP 48SX calculator. She was
R&D project manager for the HP 48G/GX calculator
software and hardware. She is coauthor of a 1991 HP
Journal article on HP 48SX interfaces and applica-
tions. Diana has two sons. Her favorite leisure activi-
ties are bicycling and reading.

Charles M. Patton

Software scientist Charlie
Patton received a BA degree
in mathematics and physics
from Princeton University in
1972 and MA and PhD de-
grees in mathematics from
the State University of New
York in 1974 and 1977. He
joined the HP Corvallis Divi-

sion in 1982 as a software R&D engineer and has
contributed to the development of the mathematics
ROMs for the HP 75, HP 71B, HP 28C/S, and HP
48S/SX calculators. For the HP 48G/GX calculators,
he worked on the RPL system and the 3D graphing
routines, and was a general consultant and trouble-
shooter. He is currently working on several projects in
the areas of software research, computer visualiza-
tion, and symbolic and numeric techniques. He’s also
coauthoring a calculus textbook that incorporates
technology as a teaching tool. He’s named an inven-
tor in three patents on operating systems and sym-
bolic computation methods for handheld machines,
and is the author or coauthor of technical papers on
general relativity, representation theory, handheld
computation, and calculus. He is a member of the
American Mathematical Society, the American Asso-
ciation for the Advancement of Science, and the 
Internet Society. His outside interests include bird-
watching, native plants, rafting and canoeing, fishing,
gardening, Celtic harp, concertina, and calligraphy. A
long-time HP telecommuter, he is also involved in
remote sensing and internetworking.

David Arnett

David Arnett is a hardware
design engineer at the
Corvallis Division and has
been with HP since 1991.
He designed hardware and
was the manufacturing liai-
son for the HP 48G/GX cal-
culators. Currently, he de-
signs hardware for the HP

OmniBook product line. David was born in Cleveland,
Ohio and attended Brigham Young University, from
which he received a BSEE degree in 1989. He worked
on avionics design at General Dynamics and on su-
perconductivity research at Oregon State University
before joining HP. He’s a member of the IEEE. David
is married, has two children, and enjoys music, both
as a performer and as a conductor.

Ted W. Beers

Software R&D engineer Ted
Beers came to HP’s
Corvallis Division in 1985
and has contributed to the
development of the HP 48S
and the HP 28C/S calcula-
tors. His work on the HP
48S includes the interactive
stack, high-level display

management, and user customization. He worked on
user memory organization for the HP 28S and per-
formed extensive testing on the HP 28C. For the HP
48G/GX calculators, he was responsible for the user
interface elements. His work on a software technique
for data and text entry has resulted in a patent, and
he is the author or coauthor of three other technical
articles, one written while he was in high school. Ted
was born in West Lafayette, Indiana and received a
BS degree in computer and electrical engineering
from Purdue University in 1984. He’s married and
enjoys hiking with his wife and two beagles. He’s also


	cover_0894.gif
	toc-08-94.htm
	Local Disk
	HP Journal - Table of Contents - August 1994 Volume 45 Issue 4


	aug94a1.pdf
	aug94a1a.pdf
	aug94a1aa.pdf
	aug94a2.pdf
	aug94a2a.pdf
	aug94a3.pdf
	aug94a3a.pdf
	aug94a4.pdf
	aug94a4a.pdf
	aug94a4aa.pdf
	aug94a5.pdf
	aug94a5a.pdf
	aug94a6.pdf
	aug94a6a.pdf
	aug94a7.pdf
	aug94a7a.pdf



