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OBJECTIVES ' R R | o R

When you finish, thts module you will ‘be able, o
1. understand, §he meaning of chemical eq ltbrium '

2. write-an equilibrium expression for any chemlcal reactlon'
3. predict the direction that a reaction Will proceed from the magnitude .
of the equilﬁbr{um gonstant. ' v

‘- . \

M. explain the significance of the magnitude of an equii}brium ?bnstant .
in terms of the completeness of a reaction. '
5. know how Yo Qrite the equilibrium expression for reactlons 1nvolv1ng .

- S U LT ¥ R

~ pure 11qu1d9'cr pure qoiide . e

-

!
PREREQUISITES
L

K4

Before you start this module you should understand

1. ‘the mole condept ’ ; a
. N

2. stoichiometry of chemical reactions. . "

PRE-TEST " .
N _ ‘ o . Ve

- \ ) . (U

The purpoqe of this self-test is for you to d301de whether or‘not you have mas-‘
tered the prLreQu181tes If you misg more than one’ 'question” from” the folloﬂ!hg set, =TT
it is suggested that you review the materlal in the modules on mole ‘concept and
stoichiometry. S ‘ - v _” N

I. leen the follow1ng balanced chemical equaflon
' 2 NaOH + H3S04. = ‘NaS0y + 2 H0 - . -
Assumlng the.reaction goes to completion, U B | _ .ﬁ
a) calculate the number of moles of Naz2S0, formed when 1.5 moles of NaOH
‘ react with an excesg anount of H2S80,. : . o .

b) calculate the number of moles of H2S0, reqU1red to react with 55.0

-

‘grams of NaOH,

2. In the reaction: . v S My | N
2 . 2 Hzot 0p == 2 H0 o % | \

25.0 ‘grams of ‘Hy are mixed with 25 0 grams of 02. b Do e |
. a) Determine which reactant is in. excess. ‘ ' S v ‘f
: b) Determlne the theoretical yield of H.0. N ' ' B
c) Haow many moles of the reactant in excess w1ll remain after the reactioh" %1
R 5 has gone to completlon? <r'. *: _ . e .Lzﬁ
. : . - & - - . . | .,;‘{E
Answers to pre-test: e ' ' '_5 g L “.ﬁ
. 1.7 @ 0.75 moles Na:$0y - b) 0.688 moles HiSOL SRR ¥

2. a) H,.ih excess T v 'b) 28 1 grams ‘HaO
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To-illustrate the concept of chamical equilibrium a computer orogram, re'ferred
to in this discussion as EQSIM, has baen devo]opod'to simylate ‘a system'achieving an
oouilibrjum state. At this point you should use EQSIM and return to this study
auide after you have scen the simuldted illustrations of the chemlcal system.

Execute the.computer prograpm, EQSIM. : '

+ ,Now, using the Lllustratlons smmulated by LQSIM attempt to answer the follownng~

- - R R

' qucsttvn VT T i ) | . | : a v

1) tow do?the illustratiéns differ? ‘
’ "Obviously, the number’of A, B, and C molecules cﬁang& as the tjme

' changes, waover, in the case of the last two 111ustratlons in each se-
Quence the number of ‘A, B, and C molecules does not change~ Althonugh the
posttions of the molecules changc 1ndncat1ng that the system is in a state
of dynammc equiltbrlum the numbers of the'yindividial molecules do hot

- change’. . '

"2) How ave the illustrations ih the last two sequences similar? *‘\\S,
In both cases the law of conservation of mass is shown. For each A
. ‘molecule whnch decomposes,correspondlng B and C molecules are formed In
addltlon? note "that regardless whether the reaction is initlally started
from the' left (all A) or from the Pl$ht (all B and C), the final equ1lﬂb—
rium state is thé same. In all cases where a chemlcal reaction- occurs the
8YS téﬁ will ultlmately achleve an equ111br1um state where the measured con-
centratlons of the products . and’reaotants do not change. . At this ‘point the
system is at equilibrium, : ‘ s
Havxng seen that when a system is at equ1llbrium the, ooncentratlons bf the

products and reactants do not change, now considéer quantltatlvely a chemical system

~and determlne whpther or nat there is a mathematlcal relationship among ‘the equilib-

rium concentratlons which is. unlque to that system. Use the computer program KEQ
and therr return to this study gu1pe. - ' '

. Y] . ' y R B _. ) ) . «
Execute thé computer program KEQ. L N

Ny -
AY N N
. . B -, . N
.. 4 ‘“

You h@ve observed from- the simulated experimental data that. the equ111br1um

" concentrations of the products dividYed by those of the reactants (both exprnessed in
"moles/liter) raiseé to the respective coeff1c1ents of the balanced chemical equatlon'
are equal to a constant value. " This constant is referred $p as the equ&llbrlum con= -

At

stant for that particular reactlon. ‘For a general reantlon°3
' . L <
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where K id the equilibrium LonLLant and lA] [B), [C}, and [D) are the equilibrium S

conccutr\tlons, agxpregsed Ln\molca/lﬁtcr Obviously, a constant would alsoc be bb-

tainkd if the concentrations of the veactants were divided by the cancentrations of "

the products. However, it is chosen by conventiop to write the products over the

reactants. For example, in the casa of the reaction )

2 S0, + 07 w—— 2 §O a’ - N . o
the unilibrium constant is written as . . . .
Kk = «[80,3° '
. [802]2[023 - i _. ¢ .
UQWEV&I‘, 'in the case of the xgpverse reaction - T S

R 2 SO 3 ———— 2 802 + 02 -

:

the equilibrium congtant is written as . . .

. [50,1%[0,] _ 1 | - '
) Kt = 12¥2 24 - , .
. ' ‘: [90'332 . R- ¢ \) T !

again following the convention of the !anentrathns of the products divided by the

cgncentvafxons of the reactants.” This is an important fact td remember’
. . : ~

. Problem 1.. Write the equilibrium constant expressions for the fOIIOW1ng reactlons

a)  Na(g) + 3 Ha(g) == 2 NH,(g). _ K= 2 . \
‘ b) S02(g) -+ NO,(g) ==== SO,(g) +. NO(g) . K=7
J o c) 2 NO(g) + 02(g) === 2 NO.(g) . - _K_z_?% ~ '

N

H .' . . . S .
) o o , _
. 3 i . A ..
' . T , . 8 : » _ . .
. ‘ . . .
e S S S PR \
. : . © . . Yo o . & P .

A’lange‘amount of information. can be obtained from the equilibrium constart.
Since the equilibrium constant is equal to the product concentrations divided by the
reactant’equilibrium concentrations, you can use the magnitude Of the equilibrium

constant to predict the extent of the reaction. ) ‘ 4 ' .

[
L4

For axample, consider the reaction ’ —

. - N : . R .
S L 2NO(®) ¢ 05lp) T2 2 NOs(g) .
C J 7 Co R . *,
The value of the equ111br1um constant is 71 av $60°C. Thus, in this case [N0;)? is

much greater than [0,][NO]?, 1ndlcat1ng that the reaction exists at equilibrium pri-

man11v as NOz:(g). This has all been deduced by simply conslderlng the magnltude of ? o
the equilibrium constant For the ‘reaction: Ce ' o A o T
¥ } _
‘ | ‘ * 2 HI(g) :;::: Hg(g) +t I (g) ' _ .
C o ) ' [HI] » ' - s, e
thus indicating that in the case of Thle reactlon, the §?§tem con51sts prlmarlly of _ g
HY at equ1l1hr1um. In general, you should be able’ to look at the magnitude of K and " f-_"
eétlmatg’whether The reaction favovq the’ reactant% or . produbts, . : L 'f;':~f
N ’ R - . R . N - o
._Problem 2, . For the follOW1ng beactibns use the magnltude of the equlllbrlum con- s
< | stant to estlmate whether ‘the system at Equ111br1um wiln - conklst prlma--‘ : \,%
’ ™S A _

rily of products or reactants.

A - '
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LW G 0:(g) === 2 Nodg) a L K.s 0010 K
. oM S0a(g)  +° NO » () :ﬁ:ﬁ: S0 Cg) 4+ Né(g) = 9,0
c)  Co(g) ++ Tﬁp(g) = C0.(y) LK o= 1 x 10"

stant can also be useful in determining the direction a Poactlon proceeaeds from/A

Cglven get of initial concentrations. For ethpls, consider the, reaction

fn addition to cstimating the extent of a given reaction, the equilibrium

N

2 NOo(g) .+ Oz(g) Rrmm— NOg(g) K= 7) _ '\g
\
fuppose v&u were to mix 3 moles NO(g), 2 moles O0,(g), and 5 moles NOz(g) in 2- s
o liter flask In, whlgh dmvectlon woulld the reaction prgceed to-obtain equ111 rium? {

The Ilr“t stgp needed to answer ths,questlon is to calcu]gte the reactlon
leCh is défined as the' concentrations of the productsdivided by the conc ntpdflons

| R

. of the reactants raised to their respfctive coeff1c1ents Note: 'This qualtify'does

not Lqual the equilibrium congtant unless the concentratlons are the equi! 1brium
. concentrations.

~N

.

"Tn the example cifed.abbve, the reaetion'quotisnt, Q, is equal to:
.‘ . 2. 2 ) .
\ ~/ L= —INOd . (572)%. = 2.78 » B
. Co . (N0J2[02]  (3/2)%(2/2) | / : . S

Thereford, for this set of initial comrditions, ‘the reactlon quotient, Q, is. less
than the equilibrium constant, K. Haw will the reaction proceed 1h orqer that the
reaction quotient becomes equal to the equ111b¥iUm constant?

qgng ot e R TTIIT

* In this example the concentration of the product must 1ncrea8e ‘and the COncen—;

trations of the reactants decrease in order for Q to become equal to K. Thus, the

ks 3

- fireactlQn_muSt proceed tQ the right to atts;n.equ111br1um,“_rhls_egample ShOWS‘thBIMwL..”“m;
' the equilibrium constant can be used tq determine the direction a reaction will prg- . ° T
ceed from a given set of initial concentrations. : . f
' ‘ . ) : . ; ‘ ‘ N

Problem 3. Fop the system N;0.(g) == 2NO,(g), K = 0.90. Predict the direction
in which each of the following systems w1ll move to achieve equ1libr1um.-
a) [NO2) = 0.50 moles/liter, [NzOu] = 0,50 moles/liter

- b) 2.0 moles ,of NO; and 1.0 molés of N,Oy in a 3s0 11ter flask.

Problem 4. For the system !ﬂI(g) :;::: Hz(g) # I.(g), K = 0.016. Predlét the

o _ ' ' dlrectlon in whloh each ‘of the following\systems will move to achleve
’ equillbrlum. ' ' . . % . - | : .
"a) 2.0 moles of HI 1.0 moles of 1I,, and l.O'moles of H, in a 5.0 liter = ¢
. . flask. ' : ] o S -
L | ~ b) 0.01 moles of HI, 20.0 moles of I;, and"0.00 moles of H; in a 2.0
' - " liter flask LA R C “
Vs S : . L : . . ) 4 E e a C "'\..7:
ve have diswovered that'for_a gerieral gaseous reaction o , : . * o
v D . . . . t . RN
-0 : : e L : : y 3
* e w ah ¢+ bB T/='cC *+ dD . S L
L » . o N ’ .. . ’ . : . -, . .‘ ‘?g . i
, . the expression o ' : ' ' L S RURRE R
A ICRCTIR T EE ~1Crn1d :
. S N ! o . '_ . " [A'Ja[B] - )

where [AJ, [B}, [C], and [D] are the squiiibrium conceﬁtbati?hs-QXprqssed'ing.

ol
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per liter, is a constant unique for that reaction at a given temperature. This is i
true for any reaction where all the reactants and products are gases. _

However, if any of the components in the reaction are pure liquids or pure sol-
idé,ffhe concentration, moles/l%tar, is proportional to the density of that sub- -
stance and will remain constant.at a constant femperature Thergfore, in the féac—

g tions which involve pure solids or pure liquids, the doncentrations, moles/liter, of °
> the liquids and solids are incorporated into the value of the' equilibrium constant.,
‘ Tt is 1mperat1ve that the phases, or physical states, of the reactants and .products '
be wvltten as\part of the chemical equation. We will designate g, 1, and 's to rep- ”
resent gas, 11qu1d and SOlld respectively. ‘ _ '
T, 7 "7 cConsider the reaction T ' L o ' -
| ' CaC0,(s) === CaO(s) + CO;(g) . ) :
((For this reaction, the équilibrium‘constant expression is written as )
S | g .k =7[C0,1 , '
since CaC0,(s) and CaO(s) are both SOlldS _ ) .
v v - \
~ -Problem 5. Write the eduilibrium expressions for the following:. c .
a) C(s) + H,0(g) === CO(g) +.Hy(g) :
b) . Ha(g) + ,12-02(~g);:_—: H20(1) \ N B . ‘ S
N c) Ha(g) + S(s) T== H2S(g) . ' ‘
d) 2 CoHs(g)e '+ 7 0,(g) x=== 4 CO,(g) + 6 H,0(1) .
. _ - .
¢ | . \
* -
N
\ ‘ ) ‘ . ¥
‘ . oot o " . )
- - . -
’ \ . _
/ P ) .
- - B -
S . TS i
<) . .
Qo - | .: . : .\ | \ : B " . rey '.';”, . i A T ) %
:HI:IQ\!(;:.j - ._:_\;L.,x__“, : _7__-J;'”j._"._“\”w..n e o e “n,.--;;;;:'":'“4*““f”fi'“'";“Z“f~€"““f"j ;:"Qt‘ el “fff‘f"f'”'“"ff"f 73?577?7f:""?f“}§§
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" TEACHLR'S GUIDE TO UNIT ON INTRODUCTION TO CHEMICAL EQUILIBRIUM _
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OF THE CHEMICAL EQUILIBRIUM MODULE

EDUCATI@M&L OBJECTIVES |

The purpose of this module is to have_gtudgnfs‘disgpven the

concept of equilibrium from simulated empiégcal data. For this

reason 1t ig important that the students ercounter this before a

~lectare. Thq"modhlefis.designed around. the two computer programs,. . ,NHM;Wf

"LQSIM and KLQ. Using these two computer programs in an interactive

.tative understanding of chemical equilibrium, (2) an ability to
/ . A . . . .

envirbnment plus working the problems in the text in a self-paced

manher, the student should complete this module with (1) . a q&ali_

write an equilibrium expression for any chemical reaction,; and

~(3) an a%%llty to predict the dirgction a reaction will proceed S
to rachieve equilibriaﬁ. : ! o Ty
. . ’
IMPLEMENTATION *
. : .

As with the other modules in this group, this module may

either bg used as augmentation to the lecture material or as a

'self—containéd unit. Tt i1s estimated that ﬁhé_étudgnt should-

master the material presented in this module in two. hours including

approximatel§ fifteen minutes of terminal time,

l

v , , e : _
ANSWERS, TO PROBLEMS ' o I ]
. . N . { : : Q) : .
. \ .
1. a) K =/ [NH, ] : . R o S _
' [Hz]a[N:!] ' : . o I o
b) K = [SOS.][NO:] . ., .' " -‘: . » . , )
. 2 3 : o N
¢) K 5 —NO2J o S A |
[Ozj[NOJz / . - ‘. : P
2. a) Reactants é' —_— o . !'gﬁ ;
. ¥ ’ ) _ T ..
b) Productg o S e
~¢) Products _ o 10 - . ' _




h .. L3
A ‘
b .
N '\
3. ‘a) Form products, . o R X
: ' b) ; Form products- . T ‘
' ’ / . - v 6 - . k v . ’ . . ) . - N L )
4, a) Form reactants PR B T
, b)  Form rgactants. , ' ' :
¢ 5. a) K = . I .
. T ) ; . ._
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“Q IM This compuftér. program qnmulates a gasooua systam: e Ty

—quxllbvlum., Ihe S1udent HS qked to supply .: l5T;;

A ~—*'B ¥ C achieviﬁ8 

three difFérent time vAlues.". The prog @m sorts these time values R

T, 4n ascending qrder, a'd presents four: pnctures df the system as, .
fungtions of time, in ]udlng time 0.00 mlnutes . R SIS
~ The positions ofl gaseous moleculeq, A, B , and C, are“.’;

randomly p]aoed in order for.the-student to: fae 31 -as. though -the.- ~3}~w~:ﬁ_§
The farst- p1cture Showq 20 A molecules The_ﬂf |
shaw 15, 5, 5; 8, 12 12 8, 12, 12 A, B, and

*

system were- dynamic.
next three pictures
C molecules, respectliively. After the stuflent - has'. obspvved these = . .

pictures, the LquLlLthum is approacxed fiom fhg other Slde of, the

“ Agaih; tha ?ame app%oach

.‘\.._

reaction starting wlﬁh B and ¢ mojpoul~

. T 1s {ollowed with the student: oupp1y1np the tlm@ values.; H@wevep,‘ "
’ in this case the four pnctures are O 20- 20;'0, 15,°.153 8, 1275 12 :
8, 12% 12 A,'B, and C molecules, pectlvely Make certaﬁ"that '
students -count the total-number qf molocule ' | //T)TT - .
The mair 1mpctuq of Unﬁ)spmputor program is for ;he studerrt utn; _{

to gain an intuitive (ce11ng for a dynamlc equ111br1um.-8y countlng
. the pasvou"‘molecul cs he %hould note The similarities and dlfferences S

begween the dlfferent pictures as the equmllbr1Um is approached fvom ,%

.Y €,

- both Sid(‘_u. ¥ ) . ) - r‘.",_ ’, . ) . : .‘ «

Ay )

_ KEQ. Thls computer progrdm prov1des slmuléted data whloh the
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WULD LIKE TO TEEs RAND GNTEF THESE TIME“ CSEPARATED BY ~
!OMMH\\ HFTEP THE, UHEQTIUN MARK APPEAFS —— E.G. T 294s8 '
- .o . Yoo
PLERTE ENTER THPEE TIH¢< N HSCENUING ORDER? 10 1S, 20 ' . _—
_00000_00000000000000000099000000000‘000060000 i oo ’ <L - - SR
)'0 . A ' . \
¢ R A . L ’ ’
* A C - Hoe g "3
. & . o . ’
. i R, R ~— .
] + poo B - 01 .
. . A A (10 S T & H . ‘
- Y. -\ .,)q" . . [ ) ) ) ‘
¢ H L . . A e . . | - IR
'0‘0000‘00000630‘0000000ooofﬁjoo'o_o»_ooooooo'o000000 ' , L ’
TIME 13 0 MINGTES. e & '
’ 0000090000@00000000000‘0000#00000#00000000 ) : ) .
Te IEBA A
Y o . ~
. R : - w
L 2 . ' v
¢ H S - T ,
- @ H ) .}’: »
e =R E E , %ﬁf' . ] .
. Lo :
e AL RSy, \
P ) & .T_"‘ eﬁ . \
000000000000000‘ 000 0000000"’000000000000 ! .
ooooooooooo»oq@oo$_:z;§ooooé. 'foﬂﬁooooooooooo - _ . ' - ( A
. ' ’ ol + - . : L : '
e "‘:c‘“ : / s
e o T e
L J B A E: _E: * I‘ ¢
/.‘ . "_ L J } ‘ §~
. y D CER j N
L " . A S .
. EIIES B e 7 . .
x\’ , T \ e ! R \‘ S!
CeRT SRS AN . C e S _ L o o
00J300000¢0000oowoﬁooooooooo000000069000000 . L oo !
¢ . . W ‘w« N ' .
bR RS . L. 4 o




I o e C E'E B C E Te : .
« N 2 A R L T vas
T e B C.E Co. o e : s . t
. E B . N I
* E v . ;E: - *
L L B » ' *
* B E | R S -
e B . . - ‘ e . \
.- BB . , R o - ,
.. ’ E E . ' o e ’iJ ‘
COPPPPPPPPPPPPPPPV 00 QPP PIOPPPIPICPIVIPOIOGOIPIOIOGOIOIOGIOTS . M ’
- > : . ) . '

lq‘r ' \‘\ . . o }r\r N“.
. . .. , ) ' \ /( N
-~ \"l\ !
‘ N 4 : . ( . e .
§ l\ 2 - i ‘v . 6 .
e e TS : ' \ T e S S - .
'00000000008»000060000000»00090000;000000«40 A e . .
¢ - e S B e S T R
¢ - - B R e T L B
I B f B B \:\ - Y _ - . LS
. B o AL e ; v,
+ F X DB o« ‘ .' .
+ A . . R C . E . » ' o ;
¢ . a 3 . . " I
¢ E ~ EBAR A C * i : ¢, i f T { ﬁ
—_401‘000000000&090000000—00-900#o-ov-v-voo{yvvo¢-§-o 3 -:—_' R " T i PR 2 ;
TIME I3 &0 MIMUTES. Ll S T
HOW DD-THESE PICTURES DIFFER?  HOW ARE THEY SIMILAR? -« .
ANSWER THESE QUESTIONS IN YOUF STUDENT GUIDE OR ON A :
ZEF‘.RF‘H_TE PIECE OF FAFER. S oy Lo
NMOW LET U5 CONSIDER STARPTING WITH ‘ZIUB'STR{EFS ' '_ o~
B AHD' T AMD DEBSERVE HOW “THE SYSTEM ATTAINS EQUILIBRIUM. ©ae :
RS BEFOREs CHOOSE THREE TIMES YOU WITH Ta DBSERVE.‘ )
FLERASE ENTER THFEE iIMES IN RSCENDING UPDER?ID;lSpEﬁ ' ;:;f "
- 1 - . -.

000000000’00?OOOQO‘OOOOOOOOOOOOOOOOOOOOOOQﬁ

TTIME I 0

~

MIMUTES. - o -

$000000000000000000000000000000000000000000 "

2 o C . A B ‘ * N\
. - E N -
‘4 R coc© , foe , o

- v * e -

= " . . . .o

¢ N E . .

e B COCR B e | ’ | o

’ . . ] : ) . ) . a )
. |3 R B | AR - v e
e B . « R B e i
e B O o K | N o

ooqoooo,&oooo?oooo0000099003_(’000'00'06,0\'0000000 ey i?

o . LY : ¢

CTIME Is1 10

MINUTES.!

Yo

v




LA ad r R - . .- -
! ! . o R
LI . ~ . . ' PR
. . A
. 4 hd . ! 1
- LI ) ! » * “ [ \
A - . . N
. a ! _ . S . . '
.
3
AN
‘ L . 77
N . N , »
’ .
- [
. ¢ , ! .
! 0 ) . \
. \ A
. . . - = ~
[y ' 7. - o =
4.
! . - - )
. . . v,
< . . - )
v o ‘e . - -
- ! ' - - ' h . ' 'v . :
- . - . £l .
. . ‘® - Tt N ) -
’ . . . e . ' . .
s . . s . r.L,, et §
t .

PO N v R . o ) . . - - L . . ! 4 . )
) 000‘0000,0’0000000090_0_00_”0_00_0_0000_0_00_000"000_00‘ - " - . .o n .

R Lo i
. A E . B W Y : , TR SR
‘ R .- '- N :‘B ..H . . e .
v - - _,(‘ -
. . ) E ) 3 R EF E ' . . _
. ® B - |:‘ * % , ‘ .
? ':'- ) - ’ ) v
A * . . .
- . . \ =N s = - o 4 “ T,
—% B ~ B R | 1 -
. . . , A .‘:’ .
¢ KN - H R . \ (] L J ' . ¢ v
0000000000000 0000000000000000000% 000000000 ' ‘ ’ o .«
TIME 12 15 MINUTES. ¥ g . :

6060600000 0000000000000 000000000000000040

t. 4 R N
E E ) . 1k E

<

T
2]
[nal

mm
I
m

b
J

-

-

e’

.
.
.
.
.
*
.

N

.
.
+ L
.
H

A

B
B

E ‘

e d

Ty

I
s
™~

Pt

-

e’

'0'000‘000000“000’000000000900,0000000000'0“0000

*
L J
*

43

*

*

*

" .
. Fy . - - L
. .ok -4
*

*

.
'
'

COTIME.IT @0 MINUTES, S ) ‘ i~
? HOWM DD THESE FPICTURES.DIFFERT HOW ARE “FHEY . SIMILARY ‘ '
.'HN§MEP THELE QUES?IUNS IN YOUR STUDENT- GUIDE OR ON A., ,
SEFPARATE FIECE OF PAFER. o 0 @
i 4 AR N ¥ "i!'
) * >
3 ’ ' y & ;
f ) o ‘ “o t ’
L . . v
: K - ' D \ “ife e
o '..‘ R h _ ¥ 5 . m‘

L 14
e
&=

R «;\*':ﬁsg.




' . _ )
. v it . -~
r " "\
. ) A 8
EN \ ' v . ) ) ] ' . 1
0 “Sample run of KLQ (UAEIC version) ) . ‘;
' ‘ -~ . w :-B . R . & . . :-'f ) ".
N . . _ . :
- M5 FROGEAM 15 DESISNED 1O HELP THE STUDENT ~ - ’ R L
“ EMEWPICALLY DERIVE THE EQUILTBRTIUM ENPRESSION AND . © /0 d S
CEAIN INTIGHT INTO THEICONCEPT OF CHEMICAL EOUILIBRIUM DT S . o7
FTYEMN THE CHEMICAL EQUATEION :. L R
Lty TR = B o+ g ' . e
THE . FULLDMINb EXPERIMENTAL FESULTS WERE UB?EPVED MITH _ : - .
COMCENTFATIONS REING IN MOLES PER LITER.) : . I
ROINITIAL Y RED RUEC) CCEQD ' - o
10 ~ 2.579 i R TR . '{
— 7 . - Cs.4e2 T s s492 / - R
< SLas%e 4,143 3.138 .
2 A% o, 49 2.549
e .832 1.832
IT IS POSSIBLE TO FIND A PELATION AMOMG THE EQUILIBRIUM . L
FONCENTRATIONS WHICH DOES MOT CHANGE AS ACINITIAL) . - oY o .
IS CHANGED. TRY VARIOUS COMBINATIONS OF THE EQUILIBRILM - : ¥ ’
T UONCENTRATIONS OF AJINITIALY TO FIND AN EXPRESSION THAT. -y
1N IN“HPTHNT FOP EXAMPLE: AYEM VERSUS ACINITIAL) @ : J
| { 0 . ! ~N ) —
l \
I - 0 . : .
i . T : : . - . 5,
I 0 o ' . : : ‘
I * . . . . ’ '
I N ’ v ) ‘ 2 k) é “‘ ..‘. ’ . . - . .. P
1o - . . - ‘ ’ C 4
00~0-0'00000000¢0000000 - ' ‘ .
- ACINITIALY —--» , b e N
OEVIOUILY THIE CHANGES, “SHOWING THAT ACERY IS . * R S -
TEFEMDENT LIFON  ACINITIALY ., _ : '
FROM THE FOLLOWING TABLEs SELECT THE E\PREQSIDN Youl
S WOULD ENPECT TO BE INDEPENDENT OF ACINITIAL). N \ T A
"1* ReEB T rzy B2 ¢ N
' ;; y T eR) .JR . : wd) I+ B . . . ' o
VSR s B D+ B o+ Al a - & :
Ty OTHER : e R ' o
NHAT MUMBER DO YOL SELECT?H . ’ s e ‘
CL . 0 | < e Ly |
b | : o
s I - \ o
EAR | _— ) : e .
R A -0 . : . -
I. -0 - A
. i ™
10 0 , oo - © v
00000000000000000000 . Sh ot . e i
L ~ AVINITIAL) --» A . S i
" THIS INCREASES MORE THAN A CED RS R\FUNCTIDN ofF . e ° “
§ RfINlTIRL* . TRY RFRIN e s
&
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"THIS IS CORRECT. YOU CAN FROC FED TD THE SECOND PART - . : @

YOU HAVE SHOWN THRT FOR THE PEACTION:
H = F + (
1HHT ErED el vEO Z"REQY = A COMSTAMT
FEGARDLESS OF THE INITIAL CONCENTPATION OF THE REACTANT , A.
s f
" HOM CONSIDEE ANOTHER GRSEOUS REACTION : _ | .
F’ : ""‘B - . .. R
WHERE EOTH THE INITIAL COMFENTRATION OF A AND THE meunE o
OF THE TYSTEM APE DESERVED. . -

1 ] 2 o 3 - . ) . A '
YOLUME  ACINITIALY AED E CER) CLACERY E CER -
ILITERS) ¢00eessesese ‘MOLES ) s0eseqetcsee . e (MOLES-LITER) e : :
g 3.5 I 5 S U 1.22% 1. 0%
L2 .10 &, 092 3,816 4. 0468 1,209 e
2 S 2,47 IS 1. 15667 .02 ~
3 N S. 132 2.7l 1L TIRET 124133 “ |
4 3 a.s - I CBES .75 :
4 2. * K148 4.4 1,937 B -
WHEFE COLUMNS 253 AND 4 APE EXPPESSED INSMOLES:A ND COLUMNS
SCAND £ IM MOLES .FERP LITEFR, o ‘n
© 7 DETERMINE WHICH OF THE FOLLOWING EXPPESSIDNQ IS A
CROMSTANT INDEPENDENT OF ROINITY AND. VOLUME. '
S CCDLKRMN 4y - cCOLLMN 3> , . R
(2 ACOLUMN 4 ZOUARED - (COLUMN 2 - - : - . -
20 L CELUMN 6 SDUHREDVN CCOLUMN Sy T ' ‘ )
i _gﬁtnLumn f) S COLUMN 20 ‘
' 151 DTHER ey | S
WHAT NUMRER DO YOW SELECTTL - @ - B - -
I ‘ 0 - : o . .t i i . . R . .
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I : L - K — o | .
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__THE #rnim TMO FOWS SHOW THAT THIS IS FRL\E. TRY ., RGAIN.
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[] '5“\-' ' . D t ) ’ ) * ‘..‘\ N N = ‘ /‘ —:"’, ’ . * .
1 ) [ . a.g\: e : o . e -
'f . . % ."',:r_,-' . [y
I Ty v T L .
{ \ .] B |
* . ! ¢ A .‘I
I U , f] R -~ . l !
i T . :
I : , _ ‘
I i ~
b Y . -
10 a /
0000040000000 00000 . . .
: . A THITIALY —-> ' .

TOMPARE -ANY THO RPOMS WITH RPPPU\IMHTFL\ THE SAME

COMCENTRATION ——E.G. ROWS 3 AND 4.  TRY AGAIN. | o S

WHAT NUMEBER DO vOU SELECT?4 - . o S
oo -. : | BN
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i I . . . ’ > . . . Lo . 1 . h - . ‘. :
. ’ . ' N . ’ *. . ' -
1 ) . '
\ .
T o \
- .0 LY
1 0 “ .
N S - . I
o1 . i
. l' I d . A .:
0000000000‘000000000 v . -, a

) ) o . oo
ACTHITIALY ——>» . o . . .ot .

HOL COMFARE POUS 2 AND 4, TRY AGRIN, - : T

WHAT MUMEBEF [O ¥OU SELECT?3Z : : . "
10-0. 0O o, 0 o : o | )
I | _
) I . ) . ' .
| I ) ’ . P
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..-Sample run ol

//7 T THTS] "PROGRAM: 1S DES!QNED T HELP THE
' ¢ STUDENT EMPIRICALLY DERIVE' THE ,
/. EQUILIBRIUM EXPRESSION AND GAIN INSIGHT
"INT@ THE CONCEPT OF .CHEMICAL EQUILIBRIUM.
GIVEN THE.-FOLLOWING CHEM!CAL REACTIONY .
A= B 4+ ¢

THE FOLL@WING EXPERIMENTAL RESULTS' WERE
'masznvmv.<couc. IN MOLES/LITER) _

[P S e N - T o ;

L4

§ .AqnNITIAL)Y A(EQ) B(EQ)  CCEQ)
10.0 £+679" T.320  7.320.
7.0 1508 5.492 5.492
5.0 o858  4.142 - 4.142 .
3.0 - e351 2,649 ' 2,649,
- 2.0 : - 168 t.832 1.832

IT IS PGSSIBLE:T@ FIND A RELATIGN AMoNG
THE EQUJILIBRIUM. CONCS.WHICH DBES NOT
CHANGE AS ACINITIAL) ‘1S CHANGED.TRY
VARIGUS COMBINATIONS @F THE EQUIL.
AS FUNCTI@NS OF ACINITIAL) T@ FIND AN
EXPRESS 18N WHICH IS INVARIANT.

'FBR EXAMPLE: ACEQ) VERSUS ACINITIAL)

0

o ' ' : o 5 :
)T , ;_. o .
0 . ) ) . - : R Y

Sl tug =4 Vg oy Pup Puf Sug Pug -

e
o

kool o o ol SR s ol ol o ke sk ok
ACINITIAL)Y

#BVIGUSLY, THIS CHANGES SHOVING THAT
ACEQ) 1S DEPENDENT UPON ACINITIAL)

' FBOM THE F@LLOVING TABLE SELECT THE
3 EXPRESS 10N .YSU WOULD EXPECT T@ BE .
. INDEPENDENT @F ACINITIAL).

1) CARB) (2)  (B¥*2)
€3)  (C*BI/A ;4§ (C+BY ..
)  (C/A) S (6) - (CeB*A)Y
X7), OTHER - :

¥t ENTER Your szLEcrioN.t <

KEQ™

CONCS.

§ . ’ -

Q
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L x - 0 , , a. ' L
{ 1 )
\-‘ I . . , ‘ .
. l k3 . 0 - VI . . .V .
- ‘10.0 _ AP ERE o S } S
2*#***#*#&*******#*** , o '
. %A “A(INITIAL) © T »- N B
TH!S INCREASES M@RE THAN ACEQ) AS A -
- FUNCTION OF ACINITIAL)
¥YRY AGAIN
ENTER Y®UR. SELECTIGN 2 /) - ,
~ 'I ’ . ) i . 0 ’ ) ' - \
I ) .
. 1 i ; . .
.. l . o’ -
; » 0 “’.. *
SR \ ‘ .
1 0. .
~ ) | -
10 Q ‘
e ot e o o o e ok ook o o el o ke ok ok ok . )
. ACINITIAL) : . . - .
', THIS INCREASES M@RE THAN ACEQ) AS A oy . ' '
FUNCTION OF ACINITIAL) ‘ | |
TRY AGAIN . o -
ENTER YOUR SELECTIBN.a & '
! .0 ' o=
[y . I M ' '
: " :
1 " 0 . -
1 | ; . \
I 0 :
1
I ’ .
1 0 - - .
10 ‘ . A
#*****#**#****t***** . . S ; ] E
. ACINITIAL) . | o DR BN
THIS IS A COWMBN MISTAKE BECAUSE OF . . o | | o
STO ICHIGMETRY.NOTE THE INCREASE. C o S
TRY AGAIN v o 3 ey
-BN‘I'ER YGUR SELECTION.S L < . - o LT : SR
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T THIS FUNCTLON DECREASES '

TRY AGAIN .
ENTER YOUR ssuﬁcrren 6
.
| . o 0
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) S 0
I / N
1
1 0
1 Lo * .
1 O
I0

ol KR kKRR K
ACINITIAL)

- THIS 15 A COMMON MISTAKE, BECAUSE oF
" STOICHI@METRY.NQTE THE INCREASE.

TRY AGAIN
ENTBR YOUR SELECTI®N. 3'
100 0 0 0
T ﬁ
1
1
I, -
-
I
{
' ]

*****tt#**********im
ACINITIAL) | =

THIS 1S CORRECT. PROCEED T@ OND PART,

YOU "MAVE SHOWN THAT FOR THE REACTI®N:

"A = B # c
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N@W- CONSIDER ANOTHER TYPE OF GASEQOUS RX.
L : o . . ' R

Al

o -; . kd A = QB/ A

~ 1 . /
) . WHERE BOTH THE INITIAL. CONCENTRAIIBN oF A -~ o - '
"7 AND THE VOLUME @F THE SYSTEM 'ARE VARIMED. - . - N
THE FELLOVING EXPERIMENTAL;RESULTS VERE
@BSERVED, Oy . : C ~

S . " -

co e - 3 4 8 6 .
VBLUME ,. .ACINIT) ACEQ)Y' B(EQ) ACEQ) B(EQ)
LITERS C MOLES > .. (MPLES/LITERY
2. /.3.50 2.450 2.100 1.225 1.050 . -
T U2e T T 10000 Be092 34816 4.046 1.908° S
. 3 . 5.00 3.470 3.060 1.157 1.020.
3. 7.00 5.138 3.724 1.713 1.241 S
a. 4.00 2.500 3.000 ..625 . .750 \\\//_ ;
8 8450 6.148 4.704 1.537 1,176 - '
'S ’ . . - ' 4 :
,WHERE COLUMNS 2,3,SAND 4 ARE EXPRESSED IN ) s
.. MILES AND COLUMNS 5 AND 6 IN MOLES/LITER. ¢
PETERMINE WHICH OF THE FOLLOVING EXPRESSI@ONS:
IS A naNSTANT, INDEPENDENT @F ACINT) AND VOL. = -
) 4/3 2) (4%%2)/3 -
(3) 6%%2/5 ca) 6/5
(5) O@THER
ENTER YOUR SELECTION.A

S

=t Bt bt =i St Po =t Pmg Sd Pee
’ o
o

stk e g o oo ********ﬂ: ’ ' .
O ACINITIAL)
. .. N@, COMPARE'ROWS 3 AND 4
£ *  TRY AGAI

NTER YBUR\SELECTIBN.Q
l
[

l

=0 ot tod $f S=f $uf Suf P§ Pug Yug
_ o :
- . . -
o
~
L .

ﬂ 0. . |
L ‘ ***t****#*******t*** | . 23
" ACINITIAL) .

o

i m e+ i rin P e mema i m 1 o s T 7 ST At e 1+ A w5 A R e it S o e




’ Vd )
- - \/ ’
COMPARE :ANY TV@ ROWS WITH APPROX.
. "THE SAME . CONC«;E.G. Bows 3 &4
' TRY AGAIN
EVTER YSUR SELECTION. 3
g 100 o 0 0 0 .
I .
1 "’
1
I "
) § T
e S . N
. ! (
I . '
1
31 20 3 3 3¢ 3 e o 3 e e sk o o e e ke ook ok
, . A{INITIAL) o
THIS IS CORRECT. CONGRATULATIONS.
.END ¢F PROGRAM -
3 : .
%
, 3
. . /
‘y‘ A
] ’ - ’
]

N




2N
. T
) IR
110
1-0
130
140
o
leu
170
s Sl
120
2 ﬁ 0

‘sno

s . VAT ‘ oD .
- FQSTM, Program  (in BASIC) . .
» _ A - E ,

_F‘EM 00000000900000000»00 FRFOGFE l‘M 0000000000000000000000000000

FEM [HIERPT THE GUMEMT FOR RND WHICH YIELDQ R Fepehrlnr sﬂnnnn NU
FEW SECLENCE IN CTRATEMENT 140

FEM 0000000000000000000¢00000000000000000000000000000«0060000000000

FEM - . . . !
FEM--> FNR SHOULD GENERATE A PEPPUDUC‘BLEg&EQUENCE

DEF FHNF CNY =RND ¢N) L

LET M=FNR .—1) -

FEM--~ k0 IS. THE GFAPH LENGTHs IT SHOULD BE <= 32 OF. ARRAY L IN DIM
DIM T B4 L[lnccO] SIPREE - ' _— :
LET k@=20- - - - - R N . o _

DATH uU~lﬁsup5.L.5 S8 o

LET =0 R ' | e .

FPRINT . TAR 14> i “eeTHE CONCEFT OF EQUILTBRIUMes"$LINCLY
FRINT THE PURPOSE OF THIS PROGRAM™ IS TO AID YOU IN”

ERTNT. "UNDERSTANDING JHE CONCEPT OF EQUILFBRIUM. - THE GAS EOUS™
PRINT "FEACTIDN nl“coigen ISTSLINVIDSTARAISY S "A <=> B + "

FRINT “FOUF FICTURES WILL EBE SHOWN WHICH WILL REPRF°EHT THE S\QTEM
FRINT “AS TIME CHANGESs.. BEGINNING WITH TIMEs T = 0.

FRINT “rHOOSE THREE TIMES <IN MINUTES RFTER TIME ZERDD THAT wun
FPINT “wWOULD LIKE TO SEE, AND ENTER THESE TIMES <SEPARATED BY"

FRINT "COMMAS). AFTER THE, QUESTION MARK APPEARS —- E.G. 7 214,67

GOTO 340 :

PRINT MOW LET US COMSIDER STARTING WITH :UBQTHNCE%“ )
PRINT "B AMD © AND DESERYE HOW THE -SYSTEM ATTAINS EQUILTBRIUM. " .

FFPINT A3 BEFOREs CHOOSE THREE TIMES. YOU WISH TO OESERVE. "
PRANT IN¢15% "PLEASE ENTER THREE TIMES IN ASCENDING ORDER"$

Tr1l=0 ' | o - I :
TNRUT TE215 7030y Tr41, - * o,
IF T[21:=T(3) OR TU31>=T(4T THEN 340 o i . -
FEINT . : Ny
LET $=7i+1 | | e
FOR 1=1 TO 4
 FEAD A .

LET B=KO-R ‘ -
LET C=B : (’ y
LET T=R+B+C . . '

MAT L=JEF
" PEM N . \ L T
FEMP > CHOODSE RANDOM XpJ%EDDRDINﬂTES IN A 10ex (0 BOX.
. FEM o . C

FOF I1=t 1O T o I S ;

LET S1=INTY IHOFNPf1\+1‘ - ' . '

S10 0 LET S2=INTCKOOFNR (1 +1)

CTF LIS1,321=) THEN S50 . S
, LET 22=3241-INT 7 (S2+10 ~ K0 ek D+ o
=07T0 S20 N o _ -
LET LIS1s82)=1 . L , o
IF 11<=R THEN s00 7 . L
LET LIS1+3R)= - s
IF I1<=K0Q THEN €00 L :
-LET-LL$1,ser=a - -

CMEXT 1t
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- .

=

-

LET ,“Zlku’ '\+-\ -~ . 7?{ ‘&\./ I‘:‘\ﬁ"'";

FRINT o o

FEM ) T AT - ' Y ' -

FEMﬂ\&*‘PRINT H PLUTUPE OF_ THE SYSTEM. ,. - NI R S

REM . . ) SR S . - %

GOSUE 890 e e - o g

FOP I1=t. TOQ 100 . 7 . :. S . L )
PRINT "o "3 ' Y N O

FOR" 2=1 TO K0 X
IF(L[II»'QJ ¢ THEN F10 ' ’ -
INT ¢ e : o
S0T0 7R0 : S . |
o CIF LIMFTE131 THEN 730 i SR

PREINT “fH 3 S
07O 720 ‘

IF LLIL1s 12152 THEN 770 . N
FRINT "B "% | u? SRR | o
13070 TR0 I N g _ ‘
PEINT "¢ 3 o R SRR e
HEXT 12 7 o« S . - T
FRINT "ot 7 = T S ' &
HF“T ) O D o : .
O70R S9n . : P L n
FFINT LIN<1> 3 TREAS L1387 MINUTES, " gIlewV
MENT 1 ' ‘SO : e '
FRINT = HOW 13 THEfE Plf%nng DIFFER? HOW ARE THEY \IMILH#“ .
FEIMT “ANSWER THESE QUESTIONS 1N YOUR, STUDENT SUIDE OR) ON 4 e -
FRIMT “SEFPARATE FIECE OF PRPEPA‘=LIN<1ﬁ ) . : S "

TF 1202 THEN 310 | ﬁ;-z.uh»> " T 1}-3 B M%_f" Sl
S THF e | | R

,13/5' : ’ ’ ) « =
FEM:. “"““”““”””’3'-'5"?0“%INE P‘F’INTQ BQPDEE<‘ gooo.;ooooooooq,ooo PR

o
-~

MEXT 12"

. . \‘ wx e > - . s ‘A K
FOF I3=1 TO N- RPN ' </ B o . -
FRINT o3 o .-'ix"? N T

RETLIFM, o Sk S | o -

END - . L - | S
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- : . . ; .
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g

ag.921

32.93 {;

. 3%e94

91 F@RMAT(3F$.0> . S

il

o " ROSTM Progrdm  (in FORTRAN)

a DIMENSION NX(100),YC100),SORTNCI00)
DIMENSION A(B8)Y,B(8),C(8),T(4)
....DATA A:BoC/eoool5,180A80o00:51180:80090050:1200120:2000
’ !lS.,IQ..lE.,O.,S.,!Q.,12..20.,15o,12a;l2./ .
DATA CﬂpLeoCﬂaCLe/QHA »8HB L 2HC /
S0 FﬂRMAT(lH »'' THE PURP@SE @F THIS PROGRAM IS Tﬂ AID')Y
6 FORMAT(IH ,*HOW D@ THESE PICTURES DIFFER?'/). _
64 FORMAT(1H ,* N@W LET US CONSIDER STARTING “ITH'DI

" 765 FORMAT(LH ,'SUBSTANCES B AND C AND @BSERVE H@W THE')
. 66 _FORMAT(LH ,"SYSTEM @BTAINS EQUILIBRIUM. AS BEFBRE')
67 F@RMAT(1H .'ENTER T1,T2,AND T3 IN MINUTES') -

S1 FORMATC(IH ,°YSU IN THE UNDERSTANDING #F THE CONCEPT*)
S¢ FORMAT(LIH ,'@F CHEMICAL EQUILIBRIUM. THE GASE@GUS').

. 53 F@RMAM™IH , 'REACTI@N DISCUSSED 1S3 A = B + C")

34 FORMAT(1IH ,'FOUR PICTURES WJLL BE.;SHOWN WHICH WILL')

- 55  FORMAT(1H., 'REPRESENT THE SYSTEM AS TIME CHANGES')

56 . FORMAT(LH , *BEGINNING WITH TIME. EQUAL ZER@., CH@@SE')
57 ' PORMAT(1IH ,*THREE TIMES(IN MINUTES) FOR WHICH YQU')
58, FORMAT(1IH ,*WQULD LIKE'T@ SEE PICTURES @F THE. SYSTEM®)
59 FORMATC(IH ,'AND ENTER THESE TIMESs T1,T2,T3e') :

. . 60 FORMAT(IH ,'(INCLUDE THE DECIMAL PBINTS) ') -

61 FORMAT(LH .'h wi T2 T3/ . .. ~.
63 FORMATC(IH ,'HOW ARE THESE PICTURES SIM1LIAR? /)
NS=4 | . .

. Minl SO S N $
M2m4 . ES ) - SR : .
NV=20 . “a : .
WRITE(6,50) Lo ‘ _—
NCQUNT=0 =

VRITE (@, 51) o o N
:;wnrrdgz,se) S - | \ a
'WRITE(6,53) 3 PR S - :
" WRITE(6,854). - o

_°. WRITEC6,55) . - e

WRITE(6,56) _ _—
.VRITE(6057) . : e ot ’ _
.VR?TE(ﬁaSG) > A A ' .
VRITE(6,59) - e o
(T C1)=0, , . : . . ’ ¢
LS=8 - : o ! @ : S

b3

VRITE(6,60) - S e
‘Nl.g B, va- 0 .' { < ‘o ‘ K ! - . N .
’XP' | 230 . ! 'g‘, t o | ‘ S . : ) . -_

" WRITE(E,61) L
8 READ(S»9I)(T(I):I=N!.NS)

D' 1.} 1‘ o '. . "!-.t;(: ) ) N | . .



oyt
» A ./
. 1 \ (
EFY N Lo
s 32.95 MX(1)=0
Y . 32.97 3 Y(1)=0.
R 32.98 ~*  CALL saRTch,Y.T,a)
L. 32.99 - D@ 99 KO=M1,M2 '
- < . 324991 J - NA=ACKO)
e . 732.992 “NB=B(KO) "
» 2 32,993 NC=C (KO0)
. 32. 994 . NTOT=NA+NB+NC
Lo 324995 L D2 11 I=1,NA
Yy 33 Il Y(I)=CACL2 ’
vV 34 © NS=NA+1
AGT L 38 NT=NA+NB e
mdooe 86 .. D@ 12 1=NS,NT .
SR I} A 12 Y(I)=Co - <
M <, NS=NANB+1 ‘

134

AN §

ATy > <t14

7.081 . 99

- \( AT .08 fei.‘..'
AvATIRe -
ﬁav 023 e
k.09 “%fy
ﬁ‘fﬁ7 «03K
,%r47 051 - i
. g e 052 "-f *
ey vﬂﬁ 083 - I .
s AT 05a ;)
Y WL 055, »)“
SRR | 0565 “h>n
- ﬁ 006 “'-'. .

7.; 07" S
57&, . ‘,_ } .'. »f
',481'0'_{?_ ¢

‘~>; ';g%ﬂ;&' )

y ébux
',Q.hﬁwfqu_r ¥

h,'.;._; }

55*??@”;553'\

- WRITH(6,67) C A

D2 13 I=NS,NTOT
YCI1)=CL2_, '

D& 14 I=1,NTOT.

CALL JOHN (XP,YZL)

NXCI)=NU&YZL '+ | \

CALL JOHN(XP,YZL) \
.SORTN(1)=YZL : o
CALL S@RT(NX,Y;SORTN,NTOT

CALL PLﬂT(Nx,Y,soRTN,Nv.N GTJT(LS-KO))
CONT INUE . _ _
VRITE(6,62) , .
WRITE(5,63) o -t -

. IF(NCOUNT. EQ.I)STap_

NS=4 ) : '
Ni=2 - . .
M2=g" _ N . _
Miws .~ '
NCQUNT=NCOUNT+I

LS=Y o

WRITE ¢6,64)

WRITE(6,65)

WRITB(6,66)

WRITE(6,61) ~

> TClY=0.0

GO T0 S

£END .

suanaurxnz sonrcux,v.sontn.nrar)

BIMENS 10N Nx<1>,vcl>.sonrn<l> ﬁ

‘NM=sNTOT=1 .

DB. 1 J=1,NM

K@=+l .

+ Do 1 x-xo.nrer

A1F (SORTN (K)o LT.SERTN(J))GG To 1
$=SERTN(K) ~ ,
gY(K) : o

X¢Ky ' - *
?(xhycm " S
quR)-NxxJ>

.
- N

e e ety d L g Ay -
- PRare R Y




8

Y . 20
- ' )
' . B
60  SBRTN{K)=SBRTN(J) . o
61 Y(J)I=YS . . S SN
62 SBRTN(J)=SS 2 - ‘
63 .. NX(J)=NS$S : .
A Y 1 CONTINUE - . - S &
6 RETURN ' ' . ) : .
66 . END ' o
67 SUBR@OUT INE PLﬂT(NX;YaSGRTN;NV;NTGT.T) :
68 . DIMENSION NXC1),Y(1),BOX(25), SORTNC1),NESC25)
69 'DATA BLANK, SLASH, SINE/2H ,2H% ,2Hw%/ -
\ 0 " .. D@1 I=1,25
. 71 t  BOX(I)=BLANK ! _ -
e R - -NVUPm O P R
72.1 D@ 2 I=|,NVP - ‘
73 "2 BOX(I)=SINE
74 . B@X(NV+3)=SLASH
_ 14.1 WRITE(6,5)(BOX (1), I=1,23) ,
«, 75 - S FORMAT(IH ,23A2) o .
: 76 : DO 3 I=1,25 . . >
177 3 . B8X(1)=BLANK . -
78 - K=} : . - . &
79 P8 T L=1,10 S h
80 IC=0 - . 7
Q. t _ BOX(1)=SLASH . . '
. . 81 - BOX (NV+3)=SLASH ‘ o ) ’
8e . IF(K.GT.NTAT) GO TQ 6 S - -
82 1 © TESTmle=o 1%L ) - :
&3 4 JF(SORTN(R).LT.TEST)GO® T@ 6 . ’
g8a . . IF(IC.EQ.0)G® T@ 16 y
84,1 14 D@ 18 11=1,IC’ o ] ’ T o
84.2 15 IFC(NESCID). EQ.(NX(K)+I))GG 10 17 a .
84.3 = 18 CONTINUE « o : %g
Ba.4 16 Boxcnxcx>+n>~v(x> . .
84.6  IC=IC+1. | \ R
-~ 84.7  NESCIC)=NX(K)+1 | " | v L
\ 84.8_ . K=K+ _ . ' )
Ba.81 . ' IF(K.GT.NTOT)GO TO 6
‘84,9, .0 GO TE a4 . o | R
84.91 17 IF(NX(K)+EQe22)NX(K) =1 . ' »
849 NXC(K)=NX(K) +1 _ . - ‘ o
84.93 Go T@d 14 - ' ! | ‘ -
a7 . 6 WRITE(6,5)(BEX(1),1=1,23) . | ‘ O
g8 | B Dg 8 M=1,25 | QSQ o
'89.° . 8 B@X(M)=BLANK . , . - - e
90 . "7 CONTINUE. . ‘é~ ' . L
91 : D@ 20 II=1,IC, L - . :
9le 1 20 NES(Il)=Q - 3 _ . _ S
91.2 .. D8:10 I=],NVP . R : -
92 f 10 BOX(I1)=SINE : U | ) L e
93 . - B@X(NV+3)=SLASH. ... . | : ¢§‘ .
93.1 .. WRITE(@p5)¢(BBX(1),1I=1,23) ) e S
o, 94... . ... WRITE(6, 11T | ‘ ‘ | | T
Yoo 94l .11 FORMATC(IN .sx.'rxms 1S',F6. 2. MINUTES'/) C P
. " 9a.8 - "+ . !RETYRN L _ . . e S et
i ' - 98 . END . N : ST < & ,’f"kx \“,

L4

’ . - . " 2t .. -
R . Lt . . % - ) .
< PR H . é _ . . - . . . B . . N
e e e T i et o S O L N o A0 o e g
. LY N .- N A LN




96 SUBRAUTINE JOHN(X,F) |
7 .. o Xe131,%X ' . ‘
T 971 . I=X/16384% ' A _ ' )
' 979‘.2 . _ XI'I 1. " o : -
) 97.3 XuX-XI®16384. C -
T 9TsA | . F=X/16384. .
) 98.1 RETURN . . .
99 - END .
7 y ,
k ) ' ‘. -yt
RS S IR ] _
I. ' 3 ‘ | . §
. " R Y s
.y ) r
\ o k ‘
PN 3 . o *
- r' * ’ ) .
- . ) ’ \
: o f ' ) .
-‘_fi?j. N ) .. \ .
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A KIXQ Propram (1n BASIC)

o

10 FEM KEQ EY _JOHK- MANDCH, WESTERPN CRAROLINA U.
S0PEM WRITTEN AT TLLINAOIS INSTITUTE OF TECHNOLOGY (CHICAGO) . -
30 REM AT PART OF A MODULE ON CHEMICAL EQUILIBRIUM. ' P
;0 FEM TPANSLATED FPOM FORTRAN TO “"STANDARD™ RASIC RY :
SO0 FEM P.T.D NETILL, XAVIER UNIVERSITY (CINCINNATIY _JAN. 1975
20 PEM FOP SYSTEMS THAT USE CRTZS INSTEAD OF PAPER OUTPUT DEVICES)
TO0 FEM IT [T SUGGESTED THAT LINES 2280,2%70:2660, AND 2740 RERD ,
X0 FEM ROTD 22007 s AND THAT LINES 35:Q,3670,3860 READ,60TO 21007~ ~
< an PRINT THIS PPUhPRH IS DESIGNED TO HELP THE fTUDENT o
— 100 PRIMT--“EMPIPICALLY [ERIVE - THE EQUILTRRIUM EXFRESSION AND™
110 PRINT “GRIN INSIGHT INTO THE CONCEFPT OF CHEMICAL EOUILIBRIUH
120 FRINT *GIVEN THE CHEMICAL EOUHTIUN ™ . _ .
120 FRINT A= E + C" ' .
140 FFENT “THE FOLLODWING EXPERIMENTAL FESULTS WERE ORSERYED" (MITH"
150 FRINT "COMNCENTRATIONS BREING IN MOLES PER LITER.)"
let FRINT TAB(4» i "ACINITIAL) "STARGIE) I "AEQ " TAR2413 =
170 PPINT "BYEQ "iTARC2IFY I "CLEQ " I
120 DIM ER(221sC (820

120 FOF J=1-T0 S ~ -

2o PEAD HLI1,ACIIRLI) :

210 7 LET FII1=X[I1] : | . .
TEan,. LET Q(I11=R(1) ' P

S30 PRINT TRAE(Y IX[I1:TARY 1b\~H[I]’TRBtB4\§B[I] TAR ¢32) JRLID S

S40 FRIMT o : \

S0 HEXT | ( - : S .
CZE0 DATA 1002 6797, 2257 1,508, 5. 492, 5. . 258, 4, §42 . | Co D
ET0 DATA 24 2515 2,649 3y . 1AB, 1. 832 . ‘

E20 FRINT © IT IS PDSSLBLE TO FIND A FELATION AMONG THE EQUILIBRIUM®
220 PRINT "CDNCEHTRHTIUHS WHICH DOES MOT CHANGE AS ‘ACINITIAL) _ -
N0 FRINT IS CHANGED.. TRY VARTOUS COMRINATIONS OF THE EQUILIBRIUM® -
210 PRINT !DNLQNTRHTIUNQ OF ACINITIAL) TO FIND AN EXPRESSION THATY
320 FRINT IS INVRRIHNT "FOR EXAMPLE, ACER) VERSUS ACINITIAL) 17
3N LET =5 |
240 GOSUE 1720 ' ¢ ..
350 PRINT “OBVIOUSLY THIS CHANGES, SHOWING - THAT AE® IS™ -
350 PRINT “DEFENDENT UFON ACINITIAL) . . S
370 FRINT ° FROM THE FOLLOWING TARLEs SELECT THE ExPPEQSIUN YUU -
FROFPINT "WOULD EXPECT TO BE INDEPEHDEHT OF ACINITIALY.
FRINT 1) Rek e JEDERI -l
FRINT CEY O JeR)Y 4R ' m_4) oo+ B"
FRINT /. ‘SR S KR T+ B o+ A
D PRIMT * - 7> OTHER™ ‘ \ - e
0 PRENT "WMHAT NUMBER DO vYOU SELECT 3 ] i
INFUT = ) ' - . S
5070 S OF 460-4An.54ﬂ-610s6909?609830 ' .. _ I
FOR I=4J0 S ' | | ° . | - )
LET QTI)= BCITeRCID . o . oL
NEXT T | R ' oo | )

GOSUE 1600
GOSUB 1730 - -
FRINT "THIS INCREASES MORE THﬂN ACER AT A FUNCTION OF -

FRINT "ACINNIIALY.  TRY AGAIN. | o .

5070 430 ¢ X | ‘ 31 “ ‘ -




&i.
S

\‘l

820
290
Qo0
ERNL
R0

- 230

240
QA50
R
[ITN
aan
Qan

LoD

1otn
Lo&n

LA

1040
1059

1lel
- 1070

1080
1090

COLET rl1=go L. B o .

SERINT &

CFRINT "DISCUSS THIS WITH YOUE “INSTRUCTOR. *
s

FOP I=1 TO 9

NEXT 1
BOSUE 1600 . | L T
SOSUR 1730 Tt : ’
FRINT “THIS IS COPRECT. ¥OU' TAN FPROCEED TO THE SECOND PRART™
FOTO: 860 ' L ‘ - # r
FOP 1=1 TO S o ‘ i ' ' :
LET Q[I1=2eR(1] o
HEXT | L g , .
SOZUE 1600 - - ‘ . - . e
S0SUE 17307 : ' o
FRINT “THIS [S A COMMON MISTAKE RECAUSE Ur STOICHIOMETRY. " - SR

H-FRINT-CNOTE -THE- INPPERQE ~-~TPY RFH!N L I
GOTOD 4230 ) )

FOR [=1 TO S -
LET 0 CI1=RCI1-ACI)
MEXT I - '
SOSLE 1600 i
GOTUB 1730 1 - ‘ S
FRINF “THIS FUNCTION DECREA®ES. - TRY AGAIN. " '
S0TO 4320 - “ S
FOR I=1 TO S _ ' - K
LET DCI1=ALI1+2eR[1) ‘ ' ' :
HEXT I
GOEUER ;600
SOSUR 173¢

THIS 1% A COMMON'MTSTAKE EECAUSE OF STOICHIOMETRY. TRY AGAIN
s0TO0 ;430 ; ' ' :

GOTO 2130
END <

FRINT , : ' ~

FRINT ¢ 'vOU HAVE SHOWN THAT FOR " THE PEﬂCTIUH:
FFINT - . R =F + 1

FRINT "THRT RCEG oCCEQSCACERY = A CONSTANT® o
PRINT "FEGARDLESS DF THE INITIAL CONCENTRATION OF TﬂE'REﬂtTHNT A"
FPINT

FRINT *  NOW CONSIDER ANDTHER hRSEOU? REHFTIDH
FRINT = ° A = ZB" .

FPINT “WHERE*BOTH JHE INITIAL LUNPEHTPQTIDH UF A AND THE YOLUME"
PRINT "OF THE SYSTEM ARE ORSERVED. . |

PPINT ﬁx ITARCY § 2 “jnpabaw"a"rﬁn.ag,. _ ‘ :
FRINT "4 3TAR4T»§ "SI TAR (S "6 . :
FRINT fanunE STAR (S S "ACINITIAL)Y "I TARCS 3): 'ACER "FTAR(ID S
FRINT "BCER "$TARATY § "AED "I TAR (S8 § "R (EQ * : :
FREINT “<LITERS) "SI TRE(9) §" 000000000000(HQLEQ)oooooooobooo" ot
FRINT TRAR<47) 3" OOfMULE?xLITFWYOO

FOR I=1 TO & \ . . _ e
FERD Pl[Il:Rc[I]sR“[IJ‘n. i \ L o |
LET Z1=R2LI1-R3LI7 . . ° ~* o+ - ' , SRR
LET ’“:CQRQ[I]_.. T - . ‘ | | .. -
pp%nr 91cIJ;THBrnwspctrltTﬂa<aﬁvtznsrﬁnqaqwt S
"PRINT Z23TARCATHIZ1-RIIIYITARC(NBY3Z2/R1[1] ' S e

NENT I IR | T

LET N=g ‘
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DFATA s 3.5 1. 05:2+1004 . 08 1Sy 10 53
DFITR 2e721.862:14s411. 54,8, e, 352

FRINT "HHERE COLUMNTS 2,73 RND 4 ARE EXPRESSED IN MOLES AND CULUHNS“ )

PEINT “S AND & IN MOLES FER LITER.:
FEINT -~ DETERMINE \MHICH OF THE FOLLOWING EXPRESSIDNS IS A"
FRINT CUNSTRNT INDEPENDENT OF ACINIT) AND VYOLUME., ~ o (

FRINT ‘1) CCOLUMN, 4> - CCOLUMN 2
FRINT =) : 'PULUHH 4y IQLARED - <COLUMN 23y '
FRINT 2 CCOLLMN. &) SQUARED - <COLUMN =)
PRINT . " P ~IBLHMN'A)fr|DLUMN D ' ) -
RRINT V. =Y .,_DTHEP - e e o s e R S
PRINT MHRT HHMPEP .DO wou SELELT . :
IMPUIT )
FOR 1=1 TO [
LET PLI1=R2(1)
HEXT | ) .
BOTO S DF 1270, 13490. 1420, 14905 1560
FOR 1=t TO 6 o ' _ . _
LET DL1)=CeR2(11-*P2LI1-R2CI ' -
NEXT 1 : ) .
RINENRD & l [ U 0
SOSUR 1734 * L
FRIMT" THE FIRST TMU FOMS SHOW THRT THIS IS FALSE. TRY AGRIN.
~OTO 1210 v . ' « :
FOR I=1 TO A L _ < ' p
LET O(I)=(2eRI[(I) Vo0 (R2IHI-R2LID -
MEXT T AL o
SOSUR 1vo0

SOTUER LT30
FEINT “COMPARE ANY TLO REWS WITH APPROXIMATELY THE shme -
FRINT “CONCENTRATION --ECAS. ROWS 2 AND 4. TRY PAGAIN.
3070 1310 ¥ :
FOR I=t TO & /' .

LET QCI1=<2eRI(II-RICI1>» 62, iR2LII-RICII>“RICLIID
HEXT T . | . .
SOTUE 1600 K ' ; o ' Sy
BOSUR 1730 L | y Co» .
PRINT “THIS IS,LUPPFCT CONGRATULAT TANS " : .
3070 &1320 . ; - ' ' '
FOR =1 TO & | o o Y

LET Q0I1=c2eR3[I1-FILIN v /RECII-RILIII/RLLIDD
NEXT 1 . . : - . )
GOSUE 1600 - L '
GOSUR 1720 S
FFINT “NO. COMPARE ROWS 2 AND 4. TRY AGAIN. "
FOTO 1210 ﬁ : i )
PRINT ."DISCUSS THIS WITH YOUP INSTRUCTOR.® ' L :
30TO 2130 Cor ~ o S

PEM SUBRDOUTINE SORT . _ o : N
FOR J=1 7O N- l . . | - N vy
& ﬂz |+l , _ T . . . e . . ) ‘\\k

Yo g s




. 25
1620 FOF W=K0 TO N . ‘ L
1630 1F QCN>0CK) THEN 1700 . '
1640 CLET @9=qQrJ) ‘ BV
14%0 . LET Fo=P({J] | ' ,4(’~
1660 LET 211 =Q(kK] ‘
1670 LET PLJ1=P (K]
1680 LET R(K1=(9 :
1630 - LET F[K)=PQ . _ ) . .
1700 NEXT &
1710 NEXT " -
1720 PETURN
1740 REM SUFROUTINE FLOT
L7S0 LET 0S=<Qr[1T1-RINI>- 10 “»
I7E0 IF QS<. 0001 THEN QS=) | -
TTOCLET Q9=01(1] ’
1730 LET FPO=P[}] - :
1790 LET FPO=P (1) _ \
1800 FOFP =1 TO N ‘ : ‘
1910 IF FLJI>P9 THEN FO=P([.1]
1820 IF PLII<PD THEN PO=P (1] "
1830 MEXT 1, :
18240 LET PS=¢RA-PQY 20
1850 LET L=1
1360 FOR J1=1 TO 10°
B70 . LET E$="1"
1830  FOR k=1 TO 21 :
1390 LET CrK)=0D : - . :
1900 MNENT k- : ) . , ' o .
1910 LET TS=09-JeQS \ '
bo1s20., IF LUMCTHEN 1920 . ‘
T IF DILY-=TS THEN 1920 -
1940 T MS=PLI-PO -PS+. 1 . "
1950 LETTSENS+11=1 : ;
196.0 LET L=L+1> > i
1970 B0TE 1920 _ .
1980  FOR k=1 TO 21 . ' . : -
19920 -, [F CLk)=1 THEN 20&0
2000  LET EB$=R&+" ° |
. 2010 S0TH 2030 ’
2020 LET B§=B$+"0" ‘ -
- BO030  MENT K ;
+ €040  FPRINT TRR(EMIRS
Y200 NEXT _
2050 FRINT TAR:2) S
2070 FOR =1 TO 20 - |
2020  PRINT “e"3 . -
2020 MNEXT U ' :
2100 FRINT ' r . ,
V2110 PRINT ACINITIALY —-->" . , : | ._@'

Y430 RETURN, ,

+
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(in FOMRAN) 28

~ DIMENSI@N X(5),Y(6);A(5):8(5):Rl(6):R2(6),R3(6)
DIMENSION Z(6) '
RATA XaAaB/lO.,?.,ﬁ.,G.,2..2.679:l 508:.858:-35]:

/7.168,7.320,98. 492,4.142,2.649,1.832/

DATA R')RQ:RQ/Q.)Q.)3.;3.:400a¢)3050'00:5 0:70340:

FORMAT (AH'
FORMAT ( LH
FORMAT ¢ 1 H
FORMAT (1H
FORMAT ¢ LH

FORMATC]H

FORMAT C(LH .
FORMAT ( LH

FORMAT(lHO:'
FORMAT(LHO,"®
FORMAT(1H ,°*

»

»

/8. 5)[005:10908)]0530)1 B62,1.5,2.352/

* THIS PROGRAM IS DESIGNED T@® HELP THE™)

» 'STUDENT EMPIRICALLY DERIVE THE ')

» 'EQUILIBRIUM EXPRESSIGN AND GAIN INSIGHT®)

»'INT@® THE CONCEPT @F CHEMICAL EQUILIBRIUM.')

»'GIVEN THE FOLLOVING cnznchP REACTION:')

' A = B + C")

+'THE F@LLOWING. EXPERIMENTAL_RESULTS WERE')

'BBSERVED.(CONC. IN. MGLES/LITER)') |
ACINITIAL) ACEQ) B(EQ)' CCEQ)')

IT 1S PO@SSIBLE T@ FIND A 'RELATION AMONG')

THE EQUILIBRIUM CONCS.WHICH DBES NOT®)

FBRMAT(1H ,‘CHANGE AS ACINITIAL) IS CHANGED.TRY')

FORMAT(1H , 'VARIGUS COMBINATIONS @F THE EQUIL.
FORMAT(JH ,'AS FUNCTIONS

CONCS. ")
@F ACINITIAL) TO FIND AN')

F@RMAT (1H ;'EXPRESS!.N WHICH IS INVARIANT.')
FﬂRMAT(JHO:'FGR EXAMPLE: ACEQ@) VERSUS -ACINITIAL)'/)

FORMAT ( 1HO, *@BVIQUSLY, THIS

CHANGES SHOWING THAT')

FORMAT(IH ,'ACEQ) IS DEPENDENT UP@N ACINITIAL)®)
FORMAT(1HO, 'FROM THE FOLLBVING TABLE SELECT THE')

FORMAT ¢ LHO, *
FORMAT (1HO, '
FORMAT (1HO, 'REGARDLESS @F THE INITIAL CONCENTRATION )
FORMAT(AH ,'@F REACTANT A')

FORMAT (1HO, ' N@V CONSIDER ‘AN®THER TYPE ar GASE@US RXe')
FORMAT( 1HO, ' | |
FORMAT( LHO, ‘WHERE BOTH THE INITIAL CONCENTRATION @F A')
FORMAT C1H , "AND THE VOLUME @F THE SYSTEM ARE VARIED, ‘')
FORMAT (1M ,'THE F@LL@VING EXPERIMENTAL RESULTS WERE')
FORMATC(AH , *@BSERVED. ') :

FORMAT ( 14O, °*
FORMATC(IH , 'VOLUME
FORMATCIH '

FORMAT(1IH ,'EXPRESSION Y@U WAULD EXPECT T@-BE')
FORMAJ (1H , ' INDEPENDENT @F ACINITIAL). ")
FORMAT ¢ LHO, * <1) (A%B) 2) (B#*Q)')
FBRMAT(¢(1H ,° 3) (CxB)Y/A. c4) (C+
- FORMATC(JH ,°* (5) (C/A) (6) (C+ +A)')
FORMAT(LH ,* ¢7) BTHER') o v
FORMAT(1H ,'ENTER YQUR SELECTI@N.')
FORMAT(IH ,°'THIS INCREASES M@RE THAN ACEQ) AS AY)
FORMAT(IH ,'FUNCTION OF ACINITIAL)®Y
FORMAT(1H ,»'THIS 1S CORRECT. PROCEED T@® 2ND PART.')
FBRMATCIH -, 'THIS IS A COMMEN MISTAKE BECAUSE eF ')
FORMATC(1H ,'TRY, AGAIN')
" FORMATC(IH ,*STOICHIOMETRY.NGTE THE INCREASE.
FORMATC(1H ,'THIS FUNCTI®N DECREASES')
FORMAT(1H ,'YOU HAVE SHOWN THAT FO@R THE REAGTICN:')

A = B +C')
‘B(EQ)IC(EQ)/ACEQ) = CONSTANT *)

A =  2B")

1 g . 3 4 !

6')
ACINIT) ACEQ) B(EQ) A(EQ) B(EQ))Y.
LITERS ( MOLES ) (MOLES/LITER) S

FORMAT ¢ 1HO, 'WHERE COLUMNS 2,3,SAND 4 ARE EXPRESSED IN')

FORHAT(lH a'N'LES ANQ C!LUHNS 5 AND 6 1IN HlLlS/LITtﬂo')
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‘FORMAT(1H ,'DETERMINE WHICH @F THE FULLBWING EXPRESSIONS

FORMAT(LH ,'1S A CONSTANT, INDEPENDENT @F ACINT) AND VO!

F@RMAT(LH ,°* (@ D) a/3 () (4wwB)>/3') .
FORMAT(JH ,°* (3) 6%x2/S 4) 6/5")

FORMATCIH ,° ¢5) OTHER')
WRTITE (6, 500) :
WRITE(6,18)

WRITE(6,102)

VRITE(6,103)

WRITE(6,104)

WRITE(65105)

WRITE(6,106) S

VWRITE(6,107). ... . .« . .. e e e

WRITE(6,108)
Dg 1 1'1,5 N
WRITE(6,134)X(X)»AC1),B(I),BCI)
FORMAT(IH ,F6.1,4%X,F10.3,2F8.3)
WRITE(6,109) :
WVRITE(6,110Q)
WVRITE(6,111)
WRITE(6,5112)
WRITE(6,113)
WRITE(6,114) : (
WRITE(6,115) . '
CALL PLOT(X,B,S5) : . < ' - ¢
WRITE(6,116) , :
WRITE(6>417) ‘ ) ,
WRITE(6,118) . ,
WRITE(6,119) R o ‘"o
WRITE(6,120Q) :
WRITE(6,121) : :
WRITE(6,122) _ K

" WRITE(6,123)

WRITE(6,128) \
WRITE(6,125%)

READ(5,1735) INDEX . _
FORMATCIl)Y _ o~ . : '
IF(INDEX-4)10,11,12 .
TECINDEX=2Y7,7,9 .
IFCINDEX~-6)13,14,15

DB 17 I=1,5

ZCIHImXCI) ,
YCI)I=BCIY*B(])

CALL SORT(Z,Y,5)

CALL PLOT(Z,Y,5)

WRITE(6,126) . ;

"WRITE(6,127)

WRITE(6,130)

WRITE(6,125)

G 10 %.. ) )

Dal9 I"l_os . _ :

2CIH)=X(I) "y
YCI)=20. i ' )

CALL SORT(Z,Y,5) : ' !
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i <
\ . 2
)
,5 v .
8§9.1 | CALL PLOT(Z,Y,5)
°0 VRITE(6, 128)
91 ... G@e TA 199 o : -
92 1 pe 21 1=1,93 ' ' ’ - Fet
93 . =Xy =
94 21  Y(1)=2%B(I) .
95 ~ L,CALL SORT(Z,Y,5)
96..1 : CALL PLOT(Z,Y,5) ' )
97 VRITE(6,129) " ST
98 R WRITE(6,131). o ! |
N 99 : wn175<6.139+—- y .
I _100 e - NRITE (62 125) - .
101 L GO TO 2 _ 4 : \
102 13 DO 23 I=1,5 \
103 ZC1ymXCI) , - : :
104 23 Y(I)=B(I)/AC1) R : 2
109 CALL SORT(Z,Y,»5) '
106 CALL PLOT(Z,Y,S)
107 . WRITE(6,132)
108 WRITE(6,130) "
109 " WRITE(6,125)
110 - : GO, TO 2. _. .
1n. 14 DO 24 I=1,5 @ - :
11t ZCIY=XCL) . ‘ S C
112 24  Y(I)=ACI)+2%B(1I) -
113 CALL S@RT(Z,Y,S5)
114 . ' CALL PLOT(Z,Y,5)
s WRITE(6,129): ~ S .
“ 116 VRITE(6,131) " L A - S
L7 . WRITE(6,130) ‘o : - . o -
118 “WRITE(6,185) L ( .
e . .. GO T® 2 T | -
. 120 - .15  WRITE(6,136) S .
. 121 /136  FORMAT(IH ., *DISCUSS THIS WITH YOUR INSTRUCTOR-')
1e2 . ° .. . @68 T@ 280 ° - ’ .
N E:-1- 2% 199 CONTINUE _ - : _ . o |
183 . WRITE(6,201) - . S : _
123.1 WVRITE(6,202) S L '/ 2
183.8 WRITE(6,203) ; ' '
T 183.3 WRITE (6, 204%) : R
s . - 123.4 WRITE(6,205) | ¢ | \ -
. 183.% WRITE(6,206) . ' . : - o
1236 WRITE(6,207) . : e
123.7 . WRITE(6,208) - o : -
183.8 WRITE(6,209) : . s ce
128349.. WRITE(6,210) . : _ |
123.91 VRITE(6,211) = - | N Y
, 123.9¢ . WRITE(6,212) : o C R
v 183.93 WRITE(6,813) : _ , .
183.94 . WRITE(6,214) . _ | S o B
183.9% . D@. 300 1=136 | | - .
183+ 96 T1=R2(1)>~=-R3(CI) . - L R : ~ B
o R . S e 35 : R
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Z2=2%R3(1)
123.98 Z3=Z1/R1(1)
123.99 Z4=Z2/R1C1Y .
123.991 300  WRITE(6,225)RICI),RECI),21,22,23,24
123.992 295 FORMAT(IH. ,F4.0,6X,F6.2,2X,4F6.3)
123.993 WRITEC6,215) ..
123.994 WRITE(6,216)
123.995 WRITE(6,217)
123.996 WRITE(6,218)
123.997 WRITE(6,22Q)
123.998 WRITE(6,221)
123.999 WRITE(6,222)
124.1 VRITE(6,125) .
..124.2 .. ..25Q.. __READ(S,251 Y INDEX - o N
- 124.3 251 FGRMAT(II) ‘
]24.4 IFCINDEX- 2)260:261:262
124.5  .262 IFCINDEX~4)263,264, 265 NI
124.6 260. D@ 270 I=1,6 |
124.8 Y4I)=2+kR3(1)/ (RE(I)- RS(I)) 3
184.81 270 Z¢1)=R2(1) \
124.9._ CALL S@RT(ZJY:6) . ' ' v
124.91} CALL PLOT(Z,Y»6) "
124,92 WRITE(6,226) - ' '8
124.921 226 FORMAT(IH ,'FIRST TW@ ROWS SHOWS THIS IS FALSE")
124.922 WRITE(65130) ) ‘
124.923 WRITE(6,125) . ; . )
_ 124.924 g G@ T@. 250. . : , . - k ‘ »
o 124493 {261 DB 271 I=1,6 o o )
124.94 o Y(I>m<2.*na<1>>**2/(Ra<1>-R341)> .
124:95 271 _ Z(¢I)=R2(1) - . . : .
124,96 CALL S@RT(Z,Y,6) .
124.97 CALL PLOT(Z,Y,6) - = - - . . L,
124.98 WRITE(6,227) - : R
124.981 . WRITE(6,228) Y : Lo
124.982 227 'FORMATC1H ,'COMPARE ANY TW@ ROWS WITH Appnex., - \
124.983 228 FORMAT (I »'THE SAME CON€.,E.G. ROWS 3 & 4') . .- S
124,984 WRITE(6,130) - ‘ L S
124.985 WRITE(6,125) Lo S "
124.986 GP® TO 250 ; | L 5 o
S - 124.99 . 263 pP@ 273 I=1,6 T
124.991 . Y(I)’(Q.*R3(I)/Rl(I))**2/((82(!)-RS(I))/Rl(Ii) A
124.992 273 ZCI)=R2(CI) e :
124.993 CALL SPRT(Z,Y.,6) - UL .
124,994 « CALL PLOTCZ,Y,»6) - T
124.995 G@ T@ 279. .
124.996 264 DO 274 I=1,6 ? ‘ S “
124,997 ‘ YCId)=(2. *RS(I)/RI(I))A((RQ(I)-RG(I))/R!(!)) : y
1 24.998 . 274 Z(IY=R2C1). . . . L
. 124.999 ; CALL S@RT(Z,Y»6) . R S T
oo 128 . CALL PLETC(Z,Y»6) - R R ///' "
12S.1 . VRITE(6,231) - S . . R
128.11 231 . ° FORMAT(IH ,'N@. COMPARE. ROWS 3 AND 4*) =~ ' : -
128. 12 WRITE(6,130) SR 5y B
12%.13 -wanE<6,125> : L | L ’ , : »
- 18%.14 GO Te 230 ‘ _ L : o e .
1282 . 265  WRITE(6,136) R L




! ' 30
125.3 279  WRITE(6,229) , "
125.31 229 F@RMAT(IH ,*'THIS IS CBRRECT. CONGRATULATIONS.”) T
125.32 280 STOP . L - ) . :
125.4 END - ‘ . -
125.5% SUBROUT IN sanT(x,v,NpTS) T
¢ 1R6 DIMENS1@N X(l),Y(l) o
127 NM=NPTS=~ | ,, o §
128 D@ 5 ,=1,NM . - | .
129 o K@sJ+1. . : L
130 . DO S5 K=Ko,NPTS . . ' b . U Y
- 131 IFCY(J)«GE.Y(K))G® T@ 5 - - ' . :
132 YS=Y(J)Y " .
. v 133 XS=X(J) . : ] ’ . . o : . '
o YRR e e g R EIY o e e e e T T T
13% XCII=X(K) ‘ : ‘

' 136 Y(K)=YS o
137 X(Ky=Xs ‘ - ‘ >
138 . 5 CONT INUE ' . -~ . ’

39 . RETURN- , R ‘ o R
_ a0 * END ‘ S . :
. Y Y " SUBR@UTINE PLOAT(X,Y,NPTS) - e ST,
- 182 . . DIMENSION X(1),Y(1),B@X(25) o - :

143 = DATA BLANK:SLASH;STAR;CIRCLE/!H ,lﬂl;lH*,lHO/ _
l4a , YSCAL=(Y(1,)=Y(NPTS)>>/10,_, ; : . .
145 "IF(YSCAL. LT..OOO!)YSCAL-I. SR . B |
145.01 YMAX=Y (1) ., 8 .

145, 15 XMAX=XC 1) o - ‘ . oo
146 . XMIN=X(1) : ’

147 DO 2 J=1,NPTS |

148 : IF(X(J)GT. anx>XMAx-x<J> _ o o

149 . 2 IF(X(J)eLT<XMIN)XMIN=X(J) o , .

189 - : XSCAL-(XMAX-XMIN)/ao. o -

151 . L=t . g

15¢ - D@ 10 J-l,lo o S .

153 . D@ 6 K=2,22 3 : - . oL -

. 184 .6 ~ BOX(K)=BLANK . | | { 2
15% * BOX(1)=SLASH - - - SN ' & Tt
156 E SL=g | | T I é§

A48T . . TEST=YMAX-SL*YSCAL * - P
159 . .1 IFC(L.BT.NPTS)>GG T@ 10 : |
160 Y IF(YCL)«LT.TEST)GO TO 10 ¢ )

161 ' N=(X(L)=XMIN)/XSCAL+., | i

162 s BEX(N+2)»CIRCLE - o Lo ‘

163 . L=Lat . o _ _ ; A _ _
v 184 | GO TG 7 .. . S

- 165 10’ wnrrztﬁ.ls>(Bax<x>.r-l,22> s o R “ o

T 166 185 FORMAT(IH ,1X,22A1) | g ‘ R
167 - ... D@ 11 J=1,20 . : . o
168 1 aex<a>-sran ‘ e ' ‘ | .
169 WRITE (62 16)(B@XCI), 1w, 505 o - , o
170 . - 16 ‘FORMAT(IH ,2X,20Al) : L
171 . . WRITE(6,17) = C : " ,

1701 17 FORMATCIH ,°' ACINITIAL)') ¢
AT1.2 -+ - RETURN ‘ S
17¢ - _END © _ .
/ o | .. 37 .
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