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TM he National Bureau of Standards' was established by an act of Congress on March 3, 1901. The

M Bureau's overall goal is to strengthen and advance the nation's science and technology and facilitate

their effective application for public benefit. To this end, the Bureau conducts research and provides: (1) a

basis for the nation's physical measurement system, (2) scientific and technological services for industry and

government, (3) a technical basis for equity in trade, and (4) technical services to promote public safety.

The Bureau's technical work is performed by the National Measurement Laboratory, the National

Engineering Laboratory, the Institute for Computer Sciences and Technology, and the Institute for Materials

Science and Engineering

.

The National Measurement Laboratory

Provides the national system of physical and chemical measurement;

coordinates the system with measurement systems of other nations and

furnishes essential services leading to accurate and uniform physical arid

chemical measurement throughout the Nation's scientific community, in-

dustry, and commerce; provides advisory and research services to other

Government agencies; conducts physical and chemical research; develops,

produces, and distributes Standard Reference Materials; and provides

calibration services. The Laboratory consists of the following centers:

• Basic Standards'^

• Radiation Research
• Chemical Physics
• Analytical Chemistry

The National Engineering Laboratory

Provides technology and technical services to the public and private sectors to

address national needs and to solve national problems; conducts research in

engineering and applied science in support of these efforts; builds and main-

tains competence in the necessary disciplines required to carry out this

research and technical service; develops engineering data and measurement

capabilities; provides engineering measurement traceability services; develops

test methods and proposes engineering standards and code changes; develops

and proposes new engineering practices; and develops and improves

mechanisms to transfer results of its research to the ultimate user. The

Laboratory consists of the following centers:

Applied Mathematics
Electronics and Electrical

Engineering-

Manufacturing Engineering

Building Technology

Fire Research

Chemical Engineering^

The Institute for Computer Sciences and Technology

Conducts research and provides scientific and technical services to aid

Federal agencies in the selection, acquisition, application, and use of com-
puter technology to improve effectiveness and economy in Government

operations in accordance with Public Law 89-306 (40 U.S.C. 759), relevant

Executive Orders, and other directives; carries out this mission by managing

the Federal Information Processing Standards Program, developing Federal

ADP standards guidelines, and managing Federal participation in ADP
voluntary standardization activities; provides scientific and technological ad-

visor>' services and assistance to Federal agencies; and provides the technical

foundation for computer-related policies of the Federal Government. The In-

stitute consists of the following centers:

Programming Science and
Technology
Computer Systems

Engineering

The Institute for Materials Science and Engineering

Conducts research and provides measurements, data, standards, reference

materials, quantitative understanding and other technical information funda-

mental to the processing, structure, properties and performance of materials;

addresses the scientific basis for new advanced materials technologies; plans

research around cross-country scientific themes such as nondestructive

evaluation and phase diagram development; oversees Bureau-wide technical

programs in nuclear reactor radiation research and nondestructive evalua-

tion; and broadly disseminates generic technical information resulting from

its programs. The institute consists of the following Divisions:

Ceramics
Fracture and Deformation ^

Polymers
Metallurgy

Reactor Radiation

'Heatlquaiicrs and laboratories at Gaithersburg, MD, unless oiherwisc noted; mailing address

Gaiihcrshurg. MD 20899,

-Some divisions within the center are located at Boulder, CO 80303.

'located at Boulder. CO, with some elements at Gaithersburg, MD.
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Abstract

The computer software used for the acquisition and treatment of data from

both heat-conduction microcalorimeters and an isoperibol solution calorimeter

is described. For each program contained in this Technical Note there is

documentation given which includes a listing of the program, comments, and an

example of its use. The hardware used in the data acquisition is briefly

described.

Keywords: chemical thermodynamics; computer software; data acquisition;

enthalpy; heat-conduction microcalorimetry; isoperibol solution calorimetry;

kinetics.
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1. Introduction

The purpose of this Technical Note is to document the computer codes used

for the acquisition and treatment of the data from both heat-conduction

microcalorimeters and an isoperibol solution calorimeter. The descriptions of

these calorimeters and the procedures used in their operation are contained in

references [1,2]. Therefore, only a brief description of the hardware will be

given herein.

Schematic diagrams showing the arrangements of the measuring apparatus is

shown in figures 1 and 2. Note that, for the microcalorimeters, voltage is

measured as a function of time for three separate calorimeters, while for the

solution calorimeter, frequency is measured as a function of time. The

microcomputer is an Apple He with two floppy disk drives, a dot matrix

printer, a color video monitor, and several cards. The cards in the

microcomputer are: (l) clock, parallel, and serial interfaces, (2) an IEEE-488

communications bus controller [3], (3) 128 kbyte RAM memory, (4) 80 column

display, and (5) a Z-80 microprocessor. All data recording electronics are

IEEE-488 bus instruments. They are a digital voltmeter (Hewlett Packard

3456A), a digital counter (Hewlett Packard 5334A), and a scanner/ data

acquisition/ control unit (Hewlett Packard 3457A).

For each program we have included a short description of its purpose, a

listing with comments, and an example of its use. The programs written for

data acquisition ("MCAL", "SOLNE", and "SOLNF") are written in Applesoft BASIC

[4,5] and use the IEEE Bus command language [3].

Certain commercial materials and apparatus are identified in this

paper to specify adequately the experimental procedures. Such

identification does not imply recommendation or endorsement by the

National Bureau of Standards.



At the conclusion of an experiment, the voltages are written on a

floppy disk using the Disk Operating System [4] on the Apple He.

These data are then transferred to a CP/M disk using the utility

program "APDOS" [6]. To save space on disks and to speed-up

calculations, this ASCII data is then converted to a binary data file

using the program "ASCBIN", a listing of which is given in this

Technical Note. This program and the remainder of the calculations

are done using GBASIC in the CP/M operating system [6,7]. In the examples,

commands entered by the user have been underlined. Schematic overviews

of the computational procedures are shown in figures 3 and 4.

Readers interested in obtaining computer readable copies of these programs

should contact the authors.

1
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1. Schematic of data acquisition system for microcalorimeters.
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2. Schematic of data acquisition system for isoperibol solution calorimeter.
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3. Schematic of computational procedure by which microcalorimetric data is

acquired (program "MCAL") and then treated. Auxiliary programs are "TEMP'

for calculation of temperature and "ELCTRC" for treating the results

of electrical calibrations.



SOLNF
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4. Schematic of computational procedure by which data is acquired from an

isoperibol solution calorimeter and then treated.
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Ĥ
H

!l

11

;^
t- Ul

t- E

o o
m o
CO P'

O ^v *»

-^ X
Q

« o Z
in •_<

i-i o ^
2 - H
^ O w
H

«. O h
n: o z
f-
01 o

!l

a: o.

H
Ul II

o B.

° H
- H
Z

o —
H b:
O B4
O

Q ^ N
Ct —4

z !l

in >N

1- NO s
z ^ 'D ai
l-«

p: 7. I bl
XU bl M »-t

I U
H H

ra H H CO

•J Z o- Q '^ II

•.-> u Q

« bl
B. i-i

B] bl
D U
Ul

O bl
O «

Q
Z 2
K M
D
H b:
u o
b: bl

*T : w ^ I

u Q
(- 3

Ul

b, O
O u
H in:

o o

11 o o
o m

X ^ o
CO <~>

o
" Z Z

bJ "
O X a.

H H H
w CM C^

IS. CO

II II

K
O bl Ul

bl I-I ii

It

O
K H
-I o
• O
u
a: 1
b:
B) !l

- u tn
uJ X J —
< Q u
u z <
« II o

O Q
H '- >» Ul

B* o
Ul -I

H o H "-1 m

H : J

Q H :

: : 2
- - O

N N b;

I cs

-< z
I-I [J

- X
I (-

II

X ^
3 D 1^

•T. Z

O «
E- Q
O tt
O r

t-" Z
a
Bl

X
u a
B, z
>• «
h -

- - U -H s-

g§^5U : I-I

H
.-> >o "t

5 t* X

iJ o
H

U, O
— o

II II -- (-. "

z
„ <l> ^ II -. X
u 2 o b: Q
b: o ^ D Bl Z
o (1 "^ "

z z ^
tt S 2
Bl Bl O

U

- H
O

I '^

Q # -^

- (- J
H

II M

< iJ

-I H

I" >T r

Bl (i

3 Z
Ul I-I

O n:
O Bl

-I o o
o in o

OOoOoOOOoOOC>OoOoOoOotnoinoinoinotnomomotnoinoino
o^-i'-^pjr^coco^^inin'O'oc^c^coroo^^

Oo^OOoOO—lOoOoOinOinOinommoinOin
•^T^f^cMCOn^^vinm*o>o

c^rJc»^f>)CSc^eMcMCMcMtMCMcMNc-)

21



3 H II

O u u
tn ti £
J a, H
< 3

H
<
>-

C
Oi
o
a: u
Pl. H
Cu u
< u

t.

z £
u O

<
>

u

h

Z u

u. o
O o

U 1-1

H

tt

<
Du

>
z o
o •J
t—

t

H o
4 o
C H
m
»-< u
>-) K
< D
u H

«<

I b:

h u

UJ Z u to < 0. t- E J
I X X >

Z
xn
u

<
a.

< u
Z

Z u Z Z u -« D o H
e E PC tc H o a o »-• (u
3 ^3 D z u u b: Z U
H H

o
m
m

O

H

o
tn

Q

t.1

O
o

H

o
tn

m

tT

O
O

z

z

CQ

O
o
o
o

O
H
O
o

u
c

N

«

o
CO

•o

1

u
is:

o
a.

u o

q:

H
Z
a:
a.

a,

«

m

o
o
s?

o
H
o
o

ai

X
O
II

X

H
Z
»-<

a:
a.

tn

D
z
o
u
u
tn

tn

o
o
>o

o
H
O
o

X
h

tn

Q
Z

id

tn

u

a.

tn

a.

D
H

tn
u

X
H
Q
H

Z
<
tJ

<

q:

H
1

1

u
O
d:

J o
o

u
E
O
X

a^

u
a:

o
o
^

O
H
O
o

II

CM

CM

in
en

u
s;

o
a.

o

en

u

O

u
K
3
H
<
m
u
Oi

E
u

Z
o

H
3
-I

o

Z
<

H
Z Q
Z

Q

U
U
a
o
K
o

E

h
u

O ^^ ; 3 - « H c*> o « i- o —4 a. X a: u Q
o O N Z CD -4 o o .^ + o H a. =

n v4 + H -O Z X u E < [- _« tn ^
N ^ •

^c „ Z o Z h
Z

tH O « tn H
td o ^

CM

o
IS

bl Q
•o

m a. < »-» « c I O ^ H ., = E z ., u E H H O 4» 3 H u w
D II

*.•> tn (i. IE Z a, a: u Z : •-^ H »-» = D -• O ^-^ 3 Z o • ^ H u
Ul H ^ ^ a. l-« u 1

•-» •-3 h o tn I-] = <-i a.

O 3 y-N : (- o PC : jl
V * z il Q W o I u «< tn

= o D + «A o V> -- Cv - Z H a. ; H ; ; o U cr: o .~ E u II X
o o o H c. o K o v-> 4J> a. Z D u z Q H H H a H H o O a: • ^

»— *rv o : u ^ *T H >o m Q tn o O a: ^ o <: U 3 < il CE *~* Z H tn Q X 3 ai z :

h : I o T •-H u O t.T Pu u < O z H o: a. Ul u < tn t-i z - : H E o ^
u a, _ o H J H —

.

I * H H H m PU a: .J u Z X U H t- M d: o OJ z H < u O
O < o H ^ o D o + 2 o m Z •< ai o H tj tJ > E < ij Q ti a z in + U1 3 Z o a: H H V
in o h D * o * o a, Z o - + •< : •— «T t^ »-< c in u in o H Q o o Q u u a> tn h tt <T u 3
>o - tn U Z o V ; + o Z u in «T P-. : o e , c: Q rj u ^ o u •i: u o in o ai H X Q o: ^ + = o K ~ a. Z o a.
rJ : V Z ^ u o u u o »-« X r- o ; ^-t u Cu r) in a. t—t fO < T —4 •-I bJ D td in in o: u E m < u O a. n E >-i u E

rr O O -• rJ X o Q K : o H o Q ;i H tn ro CO 1-1 in a. C} 1,-t u X L4 D —1 '^ X »-• X u X H H z Z c» 3 tJ H H o tj o X u
z H Q H H -^ : : z —

<

^ = K = < 1 tn n tn a: ^ -H < tn < E < Z u u a. Ul : H tn u h
u :

1

- O - :
- O # -- .- ; Cd U c^ tj Q. •"O z I tij •-• H z Lil E t-" E u -.. X X tn o - .^ ^ : u I z :

3; .- -- ^> ^ ^ o w <.> O cv o z *f* (u H 4A c* o s<: ii X u ^ u z LQ «: z Z Q H : h H o .«A v> a: o :<: Q
H «» «/v X o I-) ca H N N « H N *T u M H N N tt O O m X. X H td u u u X H N N ^ * o tij H H H
N N ^' h4 w o O •~ -- u O : X - U -- ir Q. a. < t_ h h 1 H Z f- Q X X X (- a: H K h H h tn tn Z -

• >. a: a. EC Z Z Z
# « -- - V O z : H o : H I n vH r z Ci- H z u »-« H H z Ui Z b) Z 3 t«- t^ *-* o = z u a, l-H »-« -«

"^ ; : M : j^ -^ tt «: *— ^ ^ D ^ A : X t-4 tT h —

'

CN» c: 1
1 1 H H a, ^H ,-1 a: o * ^ a. = tn K a: o CM o:

h ^O ^ 04 —•
1

w o t H UJ a. ^
S

< <i t f- - o o a: u rn a. -4 r«J a: Z a: Z a: Z H a^ o h F- >< .~ o u Oi B4 r^ ro V CM a.

t f- >• a. m ^ b ;> X _ tn a. ? ^ M* - a. C X i^ ^ r>) n H a. u a. u a. Z ^ ^ o ? > H 4A * Q ^ - ^ -

•\^ 5 3 H Cl # ^ V : : ^ M ; >-i ; Q N «• "er = : u r^ ; = ; I II
II r : X CM : = D CM r CM en ^ tn

= : h + + u. P5 o CM U] H Q Q *-« cn CO CO CO CO CO z
^ H •-) CD H H it H c* U H II H H H H H 0^ ^ H H H E- H f- H H H H H a a: a) H H II t- H t ^ a:
u H (- II H H :3 >-] Z Z IJ Z ^ ti4 Z t^i Z Z Z U u n u Z Z Z Z Z Z 3 X X u 3 u 3 u Z II

II Z z Z m 3 Z Z Z u Z z Z u u Id U m 3
H Z z Z 1! tn •-H <n 1-1 »-• o t-« >-< i: « < Z *-* 1—

t

>c: •-I »-« a. E a. E a. E -* < w K-t CV s<: •-» !«: X 1.: X < H
•-< f> •-• u^ o !t (£ o: r II q: U U. a: E 11 c: a: cs o o H O a: EC ii q: a: o; a: z u. (14 O z o Z O K Q # a: u. bi H O cc a: E a: o a: a: a: o O o O H u

u, c a r tt U 1 o tu B. o a. kx a. O cu a. a, a. a, > a. CU u. a. a. a. a. -« t-t t-< X l-« I »-« a. a: ^ a^ t-i »^ > tJ Pu ai o a. a^ ai cu a, a. a. a^ a. > C
— t. a. o

u
Ci. H •-] u I-] U wi bc: - Z H u

o o o O o o o o o O o o o o o o o o o o o ^ M o _ o o o o O o o 13 ^ o „ o .^ o o _^ o __, o _ o o o o o _ o _ o o o o o o
o o o o o o m o \n o m o in o in o tn o in o m o m o tn o o o \n in o tn o in O tn o m in o o tn to o in tn o O in tn o tn o o tn tn o o o tn o m o tn

o m o m o o o w^ •^ r4 N r) o V ^ in in *o •o r- i^ o CO o- o o o o o o -r-« —

«

CNJ (M r) o «!T ^ V to tn tn tn *o ^o >o r- t^ l^ t^ o CO o- o o o -^ T-i o o »-* *-• CM CM

o
C4
o o o o o o o o o o o o C3 o o o o o o o

_
^ "* ^ —

^
-• •^

^
*-i

^
^^ ^

n
•^ '^

^ 'Z
-^ ^ ^ ^ -* "*

n
'^ ~* ^ o- (s o* o CK o

CM
o
CM
o
c^

o o o
CM CM

22



H
Z
u

u X.

E " E« K >
tn

D <
4 u
u E
Q
E

n >
Q

Q in

h Z

H Z
u

. u

^^
-• u
(h n

u u
h E
< —
o H
II II

-. E

q: u
u E
g P

u
Z 01

Pu

tt
u
H

Z u
o £
»-• <C

H p:
< ^ i:

E « Hi
H^ -^

h -^ Cu

U) ^ D
u 1

f- E
o: Z a
U u <
> J 5
o <
cu > z

o
IB D t-H

o a h
In u D

-I

en x O
u o 01
U K
Z u -1

< Z <
H u l-t

in H
-< E
in u Z
U (-, >-4

b: 01
> H

E 01 ul

u u
H II D
01 O
X 01 u
01 u K

: a: E
u 01

01

Ul
D
01

^O

f- Z
il H u * «

z U ts ^ z cc
»-t u 01 r u ir» .J r ^ u ^ -

e 01 o z H < < « 5 »-«

0.

c^s

o

II

-.

Q
E

Q
u

H
II

o
•^
o
Oi

E
1

= H
u, H

X
>

-_ o
H Oi

S
o

2 Z
u
o
H

bJ
01

z + u Q «: Z x J ,-, 2 H E 1

o = a, o D <: CM u V ^
-« _j o z - in u > •-1 u. Ul

H H H u I ^ 4ft tt i-» 2 < O II 0]
< 11 u o .^ u »-* D u > ^
tc ii

U 5 d: CM ; 01 0] O Ul K u. +
CD D r H o 1 ^ u u H D E 01
t-» H -> »-• u b. o >< t- Q O u « ^
iJ tj H a m < 3 >< ; u ^
< C3 U CO Q CL. cc: o >< E ^ 01
u CD u u 01 o 2 bl K >< u CM E -4

O II H E 3 CM X T f- u o h o
>-] < < t- 2 Z II c Z 4 *
< C^ o (- PL. 01 z CO u u u u •r-t E-i

u !l
— •J z Z u o * CO : r v> 2 H rJ 12 ^^

l-H evj Z E I ^n cc u cr: a- •-» Ee c^ o t-H H H -» H H 01 U >l H H [-

H h II 2 Z Z J 2 Z u 01 Z Z b. cc 3 --^
il w

o II
i-« »-» i-( t-i u t~i h i-« »-« 1^ u Hi Ii

u o- E K c K u c: It: h e + cc E IS H 2 r-J m V*
u o» H -1 D. a. 04 u Cm a. < u Cu cu 2 i-t b:u Cr- Ul 01 o 01 v> CO - w l.'V u • — E t-i

-

Q' ^ CO

- - - <
CM
o H CC =

CU <
01

.

H t<) H H H H H f- H ^ H CO V H h t- h H H u (S) II4

2 II Z Z Z Z Z z Z 2; Z 11 Z 3 2 D S 2 ^-' CO rl
II US

t-<
!l II

Ki t-f »—

1

»-« i-« t-< l-H 11 II
l-H a, »-* Cm D. II E

n: u c: pc: cs K K cc K e K u> a 2 cc 2 z b: !l •1 «,•» <n

a.

H
< a> a. b a- Oi a. lU Oi Cl.

U, e
01 a. c •"* d

&. <
01

E
CQ

CU

CU

01

o o o o o o o o ^-^ CM o o o o o o o _, o o o o O o _^

o in o m o m o ir> m in o in o in o in o o m o m o in o in in tn
CO CO <T T m m •o >o -o o t^ t^ CO CO c^ On o o o th -> CM N D CO CO <T *T

Z H
" Z

< o -
-o o 01

m U
- (-

U> •-

H >
Z :

04 Q

CM

: <

CM Q m o

On u
E 2 01

h o :

01 Q U
CM 01 CC

Cl4 N

tn : = : : =

... » .. ~ .« -

^n «» *n 4I» cv

N N N N N N - o
Cm

« « -O M) ^ »

s^^^g&sg^
CM D :

m H H [-

3 2 2 2 il

O] H^ « K^

O IB cc cc <"

O 04 C4 D4 D
01

H H H H
z z z z

K cc e cc

0, O4 Cm cu

2 2

tt te

04 04

X C3 o
a CM -

2 r^

-• O 01

h X
11 O O
O o.

m --Dm
CO ii» :

IM -

U - <ft

i£ I O
O «
04 : H

- 2
o J a
«T r

CO

H
u Z 01

« " E
O tt O
04 04 I

2 Q
H " 2
Z b: "
» Oi

d: II

<•» 01

H
cu

Z
z -

o
z
1-4 O]

[- B4 I

< o
Ul - >:

K - Q

b: b: cc

•-> Ul
X
O h --

Z X Ul
-I 01 01

,-.20
H . u
— >-> '

w 4A

II O. Q
o (-. H
Z Z

n: « •-

o cc b:
U4 cu D4

Z^
CM i-i

CO cs
-^ 04

U >M

- E -
CM " H
H H -

0]

Q
O
a
u 01

-. h
E B-

t 2

-< O

- K h
H H 01
^ 01

^ Z 01
w 01 J

2— 0:

tt O
O4 04

Qy TM

11 — w

01 II II

£

O -
f- - f- -
O Z CM
O I - -4

cc
" l-i 04 ^
w ni

f^ « *
II Z H

I 01

01 X -
Q ^ H -

Z " o I

St--.
H
-H f^ ^

"

2

OoO'^OoOoOoO
OoOoOoOoOOOoOoOO
N rg M

ooOoooOoo
rj N o

o o o O o
o IJ^ o w o
T *r in in no

o o o o o

h W CQ

o —« o o o o
m m o in o m
o <o r*- c^ <D 00
d o o

I

H
- 2

H *-

'-' u •-•
ft*

Q
O o o o
o in o m
t^- cs o o
O o — -I

cgr4c>jNc^ac^c>iMr>)NNMcJNNNN'^NNe^Nc^'^MC^NNNMric^NNoc*)cororofOriO

23



tn
. u
E o

X. h
>- u
X o tn

< > Z
E O
u •-.

H O H
2 -: <» e I-.

OS u >
Cu > u

<< D
a
Z Q Q
< Z a:

u a
H - Z
< E •<

J 5 H
5 E 01
u •-

•J Z Q
< " z
u E •<

H T> :
*-« W : h <

a s H -"

H -^ U Ol. X :

>: te Z u
u 1 K " Z H
Z h Z

Q BJ ., i-i

+ N H

-. >
a

I o:

Q
a h
Z 2

Z "^ *
H Z

o o

> >

II i>

Z ^-^ Dm
> >

> N o
w - Q
iJ <> (-.

>
-^S

O •» -• Ul •"

tn m o

" tn

E o o
— o
H "

H '^

Z u
- r b:

o: o O
o. X i^

II H
Z

•^ « o
. n. «
N n:

^ U u>

n = Q

^
z 5

"
b: «

^ D. o.

>

Z Z
H o.
<: o
tij I

K -

^^
v» dt Cm Dm

^ tJ
- 01

O- - I-. J O

I w
>

Q
K «
z

l£

3
- Q

Q Z
H H
Z Z

a:
Du

o os^-g

o o

o o

> >

II II

o o
> >

N <

I

Q '-

K -
z -
>

O D<

o -
u. >

Dm

Z H
d: b)
D. 2

> >
Dm Dm

> >
O. Cm

N < O)

^ ^ ^ - >
O -PM o -^ <

^ - . ^ , - W
" w " w " ^ Q>>>>>> a-

Du B. Z
II II II II

II II

O -M o —>>>>>> 1
cu M r) cu N to 01
-M N N - < ««

tvl < II

z z ^ z z2UuZuw 0-.
tu I X w S I >XHHXHH «<i --
H H Z " o --

o _ o - D - - --">>>>>> Od:---
O'^DMt-^nO'Nn iKZ>w —
.--.tM(^-M<< z D,>>

•-•'-« N < O
----' -'- -^- --[-.III
> > ^

+ +„0.M"0'^ Dm >>>«--•-•-- 01m<<<
x<nv,p-„^««,-i t.xw
Ol01>--^>^- II -.

a, > > DU > > [-. rl II II

II II X O IK
IjuUt[jub4UiUMtjJ>OUUU

X«ni-.i-«>-«-.Z-tu,QDQ
01 01 Cm D. X •'1

DC =

o
01 -^

Z d:

a X
01 u
X

^ E
Q

— 01
U Om
cu .

01 tj

>
: <
X cu
< -

E >
: B.

>

_ Q >

a
Dm U U
Q Q

+ X tn

> + +
Dm

K X 01

II

II II

>
Pm X 01

IS c; c:

I - Q
Q > -
b; Dm

Z <^ 01
- ^ tt

b:

b:
01 a

01

Z H- z
b: ~
Dm e:

B- -<
01

u
z
o

E Q
Q r =

01 Q
X 01 H

- - z
U o •-

> > o;
•< < Dm

X 01

Z a
E 01

Q
b:

" 2

c: z tt
cu M -^ (l

U X
Dm til

01

> > Ul

N tn E
N N O
- - X
o o
> > ••

o: < o
- - *

: I K
b: Q Dm

H H =

X 01 -

W UJ 4A

: I a
II

u > Q i:
Z " 01 Q
Q Bm 01

\^ l^ 1r- \r'V'
:z. -z •z. -z z.
— -•-•"— Q
b: b; o: K b: z
Dm Dm Dm cu B4 lU

OirtOmOoirt^
-•-Mt**fM*OmOO

O o o

tn r> fn tn

OOoOoOoC^oOoCSoOoOoOoOoOoC^—'OoOOOOOO
oi/>oi/>oioofo'''oi'^oi'^ow^oi^ocoi'^o''^ioOioc>iooirtOin^^oo—•^c>a'^to'n'j*'^irtf'0*^t^f^cooD&-0'oOO'^-MC^c^tor>^^

-*—•-*-•»— -M_M^_,-^^^_-^-«-Mpgf»<,.jrJtNic^tsjr^ts4MtN|CJrjr^r^r^r^tN|<Mr^r)not*>e»>tnrotnfofO(n
<'>r>*')t»jO(Oco'nfnfnr>**'ro''>P)''>c*)r)r7r)fT)r>nno<*'tT)<neofOr3mtn'ne*)frj*ni*?tntt><nr7'nr7t*'co

»1 lO

o
Q

u o:

u
01 E

>
o a
r4

Z
11 u

u
U
E ^
*-» u
H Bl

u Vi

H E
«c •-4

u (-

24



(»» M CNJ 0* O fl*

irt r^ r- rfl tr -^

oor»cs.c^f».^^p^^.r*^**»o'0<o*^'^

i
9. c4 tf> «r

N Qv O U7 C*> o <*>

^ C*3 *-* 00 V^ <M CO
•-• P*j CO d V lO Ift

2 o
lO

£ CO

o
N M

K Ul

O U
b. Z

»-i

U J
to

D u
< u

td 0.
Ru iii b
£ D
u ) en

H o
«o o:

•J O" u
< 3
»-•

II o
H Cu
i-« H
Z Z u
»-« u X

u H
Q <
u > Cu

e O
•-• D
m a lu

u u E
a

>«

u

o: o a
U e u
H td (-(

z z Z

to

Z "
O I"

M I

li Eu

< X

m H
>-i M
J in

< u
U OS

M
Q

M 2
s O
z o

u
H m
z
o zu «n

Q
o Z z
H

z
h o

u
o

le o < U u q:
< i- K w U
n K •j U H

U u > o <
u H Q »-• lO u
o < wJ m X
< u Q u
cu X u a II u
tn K r

u t_i H u
U Z Ul < r H
I H -• u u »-•

H CJ

u
H a s H a:

td

h •J 1 1 1 X H
u - « Z

X en ^ C4 m «v E td

r> o p) c*> P?

w) m m "^ in

25



^ o CO 00 o r^ o»

^loo^vcirt^^
CM ^

V *0 «-t (15 o
^Oq"'*OCM^O>OIOV

^tniri<-«TiotMco^or«-en
cso*^'OT-<rtr4'-*io-^v<>-t^irtnc*aotno*^

r«- %o "^ c^ ^ a) c*a ro t*5 CM O' ^ CO CO r^ r*- t**

Ot.^oOO'OtntKtMcs)
mcMoaioc^oior^p^

o^ o CO o
CM 7 ^ tn r^ o o

o I I

I u u
u tn CM
0> ^ (-i

in 00 V
E o -^ o)
D r^ n t^
in i» 10 CM

w o ^
V » V

CO H) r^ ^- o- "-«

'-^ r* o ^H CM t^ CO

no r*> ro lO
(^ <) en ^

fT) fO (S, ^ c») CO f*^ f*> o «-<

o^o»o^cMu^m'*5esr^mi'^r'5^V'-*«-i^'<oi'^n5 ^a-Co^-co-oM) o^ c^ r* m it> o^ ^ c^ to *o ^o
>ofMcMcoioinio0^p»)m^vc^ro
coto»-tf>*o'^o^oinf^of*'r*^v

mc^0*-^trtO0*'N0*Mtot^CD00r*-»0^tM0^'^<T'^00^f')'^C0l0cMC0c*Op>.
oo^^cM'^fo^io'^^r*'co^^^^co'~'^i'^c*«>^0'~*cMf')^w^'^^p*-ooo«.oo'~'cM'*'f'i^mi'^^r^r^OoOoOoOoooooo^-tT-^^-itMcMCMcsjfMrot^rofocnf^imfJnfOn^^^T^v^v^^^^

Os ^ ^

o. >o vO

•o ^ ^
CO a> r>-

NO r- CO
O n o CM

> m tM n
< CO o^ c^

CO 10 CO
CM O

H CM tM CM tM CM

CM tM CM CM (Ni

X ^ -^ to
< « N P3

S CO O' r-

CD "< V tM CO 'O ^ CM
T^io^r~co^^o»-"fMcMro
O O O O O o o

CM CO ^ V (V]

irt ^ ^ f«. CO o«.

OoOOOcmV«0*0o(MV^C0OcmV'<JC0oCMVH>
O CM V ^ CO CMtMcMCMcMP^fO'*>r)fO^'^^V^

CO ^ <T tM

O -^ CM fO

CM CM CM CM <M

O CM T ^o CO

10 m m 10 in

TO nO ^ CM CO *0 ^ CM

T ^ m ^ r^ CO 00 ^ o

CM CM CM (M O
OCM^-OcOOcM^-OCO

CO so ^ CM CO

ci c<t D ^ \n o ^

o fo ro n CO n n
O fM ^r M) 00 O CM
CO CO CO CO CO ^ o^

CK CM

CO "^ CD

Z CM O CM
*-* tn r^ CO

S CO CN r-

00 in CO

CM O

en H
CM Z
Q t-»o-^cMn^io^r*»coo^O"^ lO «o ^ 00 ^ o

xl

o "-^ rj o V I'l 'O

IT ^ V '^ V *'* ^
H « a
S H h
u X tn
- w u

26



Q
Z 2
< O
Q H
< O
u u
K 0)

DC
u
in

Z
o
(.1

h
u 2
2 u

£
H r
3 o
O o
c

H
2 2
o i-<

*~* c
h a.

<
N a
•-« 2
•-I <
<

H
H O

>j

Z tn (C
>-i u

u H
o u 2
H u D

•-• O
X u
u h
Z u Q
< tn <
d: u U
m

r
o

K

Q
52
<; [J
u

u K
0: u
3 Ul
H
< 2K O
u
O- X
X. HU O
H m
U Ii

Z Z
£ K
u
H Q
Q <

X
u
2
<
0:
en

Q
Q u <
Z H H
< <J <
u Q

Q J
K u
< tn 2
Q

X 2u <
S<= £ u
E

SiS 2
<J u >-*

u
X b. u
u - n

o" S

a -

H
2

m
<
h 2
> "
X

^ ^ cv O
O > (M

O t-

N - ^
w '^ <T

t. -• --'

^ m <i>

o r- IK
o *-* X
N ^ U

Q O

—. in "»

t-- t~.

H
2
c:

<

O ^ X «T

r) •

O -^ «
H
o !<: +
O Id

u >
• B. U

u m
2 !l <
o H
X > >

10 in

o U tij

o o
m D' B.

tn •
O ro NO

tj - -

. in m

O >"

<A (-. c
IC O t"
u* o ^

H . ..n
3 o t-
O. X
2 11 13

H o
2

+

^ Q X o
u 2 Q N
n « 2 -

+ H ^ 2
— I

"^ X

D in

Z I-.

H 2

2 H

-• o o 1 < h -
3 K ^ m o

<" 2N u iJ

- X <
= H >
u
Q ^

: il

z

X u
H X
H
H :

II II w -

II « «
O o

b: 0. li,

f- D X
2 'D Q- Z
tC It.

•-•

•J J

Z .

(U (l

o o o *^ o o
in o in m o tn

^ rg N N CO ^
OOoOoOoOO
oi/^oi^omoino

O Du

z ^

(- b:
O B.
a

-" in i-t

X b; o-

Q H
Z W il

-^ -^ ^ o «t-4 o
-^ -^ u> a,
- O
H

<ft O
a: o
H
tn

H H

H «o

Z -.

b: 2
B4 u
X "

o ^
u ^

- H

^ !s:

o o
St: X o oON
o o-"22
CO u u
-o O X X
r> h h H

m
D m
W o-

f-^

II

^
b:
•"* '-'

:
II T

B. --•

X
H Q «
in Z z

<~l ^ u
M

h
_j 1

H ^
y^ >i^

X 1 1^ CO H^ ^

Z J Z 0. Q

H tn

o o
in o
CO ^

h Q
U Bi «
Q H

H ra u,
il Z D o
•» K O lu w b
a. B, u « b: u,

H

a
z 2
a: 1-

D
H b:

o [-> o
i'^ !? li: i^
<T I Id V

r4 M

u Bl

t)5

U, O
— O

LT

II ^

Srf Stf O
ii o: H 2

U Bt

tJ Q
O- 2
>< -
H -
: H
11

II

# ... T

h J m
H 3

-&

il

o o u
PL. U w

oOoOoOooqo
Oou^oiooi'^oiootn

o w^
0^ o>>

(N) c^ en to ^

o o o o o
o to o 10 o
in 10 ^ nO t^

o o o o o o
in o (/> o m o

Z o
O v-

o o
10 o

u o

o o o
o in o

'4NOt^-Cs..OooO^(>.00..-«OoOoO

27



z
o z
~ o
h -

J o
o u

•J n. H
< 3"

I a
h E f-
^ X <
z < u

o
Id

K
9
H
<
K
u
n.
r
u
H
o
u

<

u
ae
s
H
<
u
s
M

e

oo

in

H
Z
M

M
O < U
•< Id O
SJ *:Q tu

r s
II > -
Q HN

H Z
u

- u

h» n
u u
H E< •-

o H
ii II

tl) U)
W Id
J H
u r>
>• z
o •-

r
Id

•J v

« Id
U E
§ P

Id

Z «
- <

z
o
»4

K
u
H.
n
Z
o
to«

fc^
<
NM
•J
•<
•^

Ĥ
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