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LA EANATORY INFORMATION

The Sinciar Scientific Programmable proeram hbrary js iniended to cover a wide neld ol scentine asd
engineering disciplines. 71 15 commiled 1n the form of separate cards 1o which additions will become available
a1 e counse extomdine botll the ranee of subects and (he scope of saimeots already coversd, i ubn
oy aifows thie user o arrgnee the cards ;o cthe order most gseful to um, and to wnle s OwWn progranis
aon s1mmlar cards 1o e Kepi together in the waliet under the appropriate headings.

The nreemms are noet intended a5 o compeebensive tist of formulac for a particular subject, but do atiempt

~ coyer popumber of formulae that have reasenably general apphication. Formulae that give rse 1o rathor
rivial progerams are included where the formuda is Felt to he of basicimportanes to the subiect

F

I mony cases where & proeram is regoived 1o solve o particular probiein, a standard program Nay Go found
0 the lheary which can he adapted to suit, Liwary programs are made as general as possible, and it may
alten be opgetil 10 enter ome o wewe of the varniahits” a3 o consiont m the proEraTh, 1o sull A

muarttenlar apnlicution,

The nroerams are arranged as far as pussible (0 4 standard format as tollows -

1) The Foormila to which the program reiates.
(i) Dhasram or explanation of svinhaols where essential,
{18 The program-— written as a senes ©f key strokes for direct entry into the machine. The number

writlelr aiter the program vepresents the ninaber of program sieps, and 1§ the number thai should
he displaved in the exponent slot immediately prior to depressing C/CE—this acts as a check for
COFrect program entry.

iy} The keyboard entres necessary 1o exccute the program.
e Knowledee of the subyect s assumed and cxplanation kept o g mintmum.
FNTRY OF CONSTANTS INTO A PROGR AN

Sitice no decimal polnts or exponenis can be entered into g program, non-intcger constants must be formed
by dividing by the approprizie power of 100 For example if 1118 required to muoitiply by 133, the program
stens would e

415

312 9110101 - |

I [

Whete a very large or very small number is required it may be more convement to use the antilog funchion
to forin the power of 1. Forexamole 1 .67 x 107" can be entered as follows

IEL L S ?| ..
S Menter] - fantitog *116[7)°| x|
When not used to store a program, the programming register can be wsed as an additional memory, the
number being entered as i 1 were a program, and recalled as required by using the cxecute kev. Several
nusbers may be stored at once seperated by Tvariable™ provided that they are always regutred in sequenge.



GENERAL CONSTANTS AND CONVERSIONS FOR USEIN PROQGRAMS

n some circumstances the use of a full five digit constant or conversion factor tn a program wses 100 pruch
arogram space 1o enable the rest of the program to be fitted on. This 15 particelarly so hecause decimal
poinls g exponents cannel be entered tinto programs.

In many instances a shorter approximation ¢an he used that will be acceptable in accuracy. Remember
that a sitde rute will no€ give much better than 05375, and four Agure 1op tables never betier than 1),

|} rean b geagrafed by 353 = 113
this grves 3. 1416 which 1s correct within the accuracy of the machine.
10 SOME Qrtumslantes it may ve heiplul 1o use snorfer approxumauons,

d w farctan By = 3.1408 error ~ 025 [~ ve)

12T —~ 3.1428 error ~ 4% | b ved

¢ e can be generated by 878 -— 323
this gives 2.7 183 which s correct within the accuracy of the mackine.

{3331, The logarithm to the base e of |G can be senerated by 175 = 76
this gives 2.3026 which {5 carrect within the accuracy of the machine.
[n some crrenmstances i may be helpful to use a shorter approximation.

2.3 will give an errat o approximately 0.1 % (- ve)
N.B. Inx = logx x in 10

]r:]rgﬂlI = {op 3 788 — {5657
o
Lhis can be generated by 99 — 175
log e = 0.43430

this can be gencraked by 119 - 274

N I ¢t = antilog (v = log e} s - m._,._...

artiop (1& ¥ 10g y‘i
d 7

When shorter approxmations 1o the above constants are used n the calculation of cxpenential powers, the
final error is dependent on the value of x

BErOT IR Fesilt .
o D= 1R
result

whiere £ = error i constant

TITE e e e——

ConsEant

1 rad = 537.2%4 dearees
thils can be generated by 1547 = 27



ABDITIONAL FUNCTIONS

. Ay ,
AFPCRIN X o= ourctan l ' i-—rﬁ—.; l'
W

e 5 1|:i- = .'.

Program: BJE |enter|x |+ *[1|*} —|, x}=larctanjvar| {11] C/CT

Exccution:  |x exee;

fy b — AT
ArTeeos x = arf:an - )
A

Program: B/E |Ent¢:r|:~x:l—:—[‘ii[’[-[H_f:{\arctan]varl [10] C/CF.

Proaram:  B/E Esm[f:n 1 ;'Ef:t:ssl-r — m‘:-;i I \ 1‘{’:1] "ﬁu‘i 18] C/CE
Exccuiion: ]].'l.‘ Eﬁﬁﬂ?’

.

Program:  BfE lenter|cos| x [ 14112 [ x[var] {10} C/CE

Execution: 11 E:':Ef-:r

Sk x and Cosh x sinil v =

Program: B/E ﬁcnfcrj";}jll?]’}ﬁ}‘]Ei?}i}_’] - lantilogjstoienter]—lrefjvar[*12{*) = {var| (24] C/CFE

Execution: sinh x  lvexec|— — exec]
cosh v If-r CXEC) EEEE?
In x — log v x in [0

Program: B/E ‘]Dgii““lﬁi’!?{é‘j!?lﬁ[ji':""‘-fﬂf[ [13] CiCE

Execution: {x exeﬂ

K-



ar b

@ = aptilaz {v X log ¢)

CE

;-

rogram: BJE lenterf*{HH]92] x [¢]2]7]4]*]-= lantiloglvar] [I5] C

Execution: |y exec

¥ (xv and y of similar magnitude) » + 5
Program: B/E jsto]+|rcit -llogiret] x ]antilf}g?var\ 9y C/CLE
Execution: Ky enter)jy exec|

v (1 + ve)

Program: BjE ilog|var] x {antilog{var| [5] C/CE

Execution: Iy execly exec!

It

Program: BfE [stolenter|*!3i515 2 enter{é)3{ 131 =|x —miretvari N7 CJCE

Executron: EEHEC;

Accumulating Memory (M +)
Program: B/& fﬁntﬂr[.r—-fn]rcif {—f_f—mienterivaré [7] C/CE

Fxecution: LEH&C!

Live % key
Program: B/E lenter{stolenterfvar| x [¢[1[0]0]|= dvarircl] +|var| [15] C/CE
Exceution: {4 cxeefB exec|(displays B Y, of A)lexec|(displays 4 + (87 of A))

— execi{displays A —(B 7, of 4})
Degrees 160 Radians

Program: B/E]| enter| ®| 1‘5!4'[ T]’l {81217 ®! Xl var| [14] C/CE

Execution: | Degrees exec|

A



EQUATION SOLVING

solutions to the equation f {x] == { may be found using a programmable calculaior by the use of werauys
methods. T a procedure ¢an be found which, when applied to an approximate value of x say x, vields a
ore accurate dpproxiniation x|, then repeated use of this procedure will vield increasingiy accuraic approi-
mations and this 1s called an iterative technique. Many methods exist and some are illusirated Bbetow
Untoriunately there 15 no simple universal method because those which vield increasingly accurate resuits
iconverging) with ene formuta may produce increasingly inaccurate results (diverging) with another. Also,
G ieralve technique can produce convergent or divergent restils depending on the starting value chosen,

The methad known as Newton-Raphson is very generally applicable but it involves differentiation of the
function and the storage of both the function and its differential in the calcularor which greatiy hmits the
fength of function that can be handled. Other methods given here are offen sfower (o converge but shmpler

Lo use. The rate of converggence is, fortunately, less importart than it might be hecause of the very high
speed of this calculator,

Newion-Raphson

This method vses the fget that increasingly more accurate selutions to an eguation f{x) = 0 are generated

)
F )

Thus by loading Lhe caleulator with a program Lo solve the above {ormula, successively more accurale

approximmations may be gencrated hy entering an inttial guess, and then repcatediy executing the program.

by the formuia x| = x

=% 5

where {18 the tirst ddferenual of

Example:-

Ta Eﬂlv&_f{.ﬁr} = v+ 1 =0

,-iI” 3'[-"'-'} — 3y .

" - — - L ' — fr
- '1-"1' |.]§ - -1 e r e

3x, + ] 3c + |

X7+ x, + | 2x," 4 ]
Program: B/ Istolenter| x frot] s #121%] x P17 - {x-mlenter| x [$i3)°] = |*|1{*}var| |24] C/CE
Execution: I[E:{Eﬂf + rcl = ,'—i

exec|+ rcd =

ol

Result -— 0.68231 or -~ 0.687230



& parficuiarly simple alterniative method is as follows:-

it only requires the writing of a program to evaluate f{ x) and perform a simple operation on it as tollows:-

Xy =={fle)- k)+ r.

[t reguires the evaluation of f{x) for two arbitrary values of x, xy and v, such that fixg) — yp and fiv)) = 3

Form (‘ﬁ “F“) = A4 K

Examnh -

Tosolve fix) = x? 4 v - 1 ==

i = the reciprocal of the mteger part of 14 A

choose xy =0, vy = — |

A=—2

Program  B/E Istolenter] x |*}1 P} + frcd| i‘[i[’] +"‘E[’[~+—|—]r¢:1[-f-[uar] i21] C/CE

Execution: — tlexes|
lexec:
NOTI [f program diverges, increase (K

Y program converges oo stowly, decrease ;H\

- i
S — 1
[T

Kp o+ P l:.f'[rn} e {“E]} + Xo

integer part of A if lﬁﬂ%i

Po= b3y = = 1,

JA



GENERAL ARITHMETIC FORMULALE
“ACTORIALS (1)
Programs () B/E (v —mientes|¥]1{*l+ Ly — prlret] x |var| {10} C/CE
displays a !, stores »
Program: (it} B/E {enter[*|i + |x—m]rai] x [x—mfvar] {10} C/CE
displavs n, stores #!

Exccution: | sto &xcc]c:{ec!exe{:g’

POLYNOMIAL EVALUATION
Bg + 83X b 2% + .. .. 4+ a,x" can be written:-
{ ... {{x+a)rx + a0, )X + .2y X...)x + 4,

Program: B/E [relj+{var] +|var| [5} C/CE

Cxecution: ﬁ_t 310 enter ’iﬁtx&t}un E:F..EG1

execla,..; exec)

{e:&:ecf e BXEC 1

ROOTS OF A QUADRATIC EQUATION

5 > 3
ax” + bx 4+ ¢ = O fﬂrm;}::?q:;

Program: B/E |enter[®|2|*--[stofenter] x jvar|  "x|x~m|—|varjrci|+ bvar| [16] C/CE

[-xecution: ip f::-:m:]q—f It display = 0 goto {0 if < G go o (i}
(i) [|exec exec: displays one real root

ref - rel —| displays other real root
(i) | —exec] displays real part of both rools

:.-"‘F“"”,! displays imaginary pari of one root

| — | dispiays imaginary part of other root

lexec! completes program rcady for re—use



rENERAL
program: BJE [stolenter!¥|1?| — |x— mienter|$| 1]} + Jrel] +-var| [15] C/CE
Fxecution: h exar!

e
vF o4

X

Program: BJE Istojenter| x [*/1i®l4- Ly — mienter(*{1|* + Jrcl] =|var] {16] C/CE

. . 1
Fxecution: |xexec,

ay b4 oxT 0} x.-"".i — x*
Prosram Program: B
R/E fenter] x {!11[°| + ] xjvar| {8] C/CE B/E lenter|x [$li P} —[—]/x|var] (9] C/CE

Execution: ]‘.r execl

| 4 x?

Program: B/E JE:I'IIEI']HI‘[}[!E +[~-.'-—Ivar% [8] C/CE

Execution: l,:r: exec]

Xy

<t
Pragram: B{E& {tntﬁr{;.§Etm1ﬂ11.tr¢r1warlaﬁt¢r‘—Zifﬁﬂ-ﬂ -i—“u’ﬂ“! (g CjCE

Execution: [vexec|yexec

Program: BJE fenserfvarlsto] = v~ fenter 2P lel] - [0 ] 7] C/CE

Fxecution: I_r exec|y exec A



GENERAL ARITHMETIC FORMULAE

aERIES
2 = 1 N {J‘"'n.'r 4+ 1)
1

Program: B/E |sto|enter{*H P! +frcl] < |42[?| = |var| [13] C/CE

Execution: [N exec|

It

¥ ”‘?' — % N t;’\'r -+ I} [ZN + 1)

1.
Program: fenter{*|2{* x {*11% + |rctl > ix — mlenter[S[1 ] -+ rct] < [#161%] = fvar] [24] CICE

LLxecufion: IN 510 E;-"LEEJ

Tt o=+ NN + 1)
1

Program: BfE Istojenter{*]1{* 4 |ccl| x [*121*} =] x jvar} [14] C/CE

Fxecution: [N exec|

-
1 {
Program: B/E jx—mienter) -1 | = lv—mirel] 4 {var] [12] C/CE

. I
Execufion: ?Execlﬂﬁ:ﬂﬂiﬂxﬂﬂj D

i il 1
.y K (=g for |g} <1

Program: B/L {EﬂtEfl‘{I{ji—‘—"[}i |— {var[ (9] C/CE

Execution: [qr exec

"



TRL T i i
ﬁ {'~. — } qj =
\

J-I-‘

[
Program: B/E lenterﬁ‘fi[’[n[-[%[vﬂri 71 C/CE

Execution: g exec

]

2,4 = - for [g] <
]

Program: BJE istolenter|¥|1*) —| — |y —mrel] & var; [11] C/CE

Exceution: |g exec]

Sum of N teriis In an arithmeric seres

(-1} .
- N{.::.r + mz - n’) where a = first terim, d = common difference
M,

Pragram® B(E [stolenter||1[*) —ivar|»« 1#12]% - hvar] + 1rel] %

var{ (171 CICE

Fxecution: |N E:l’{t‘:{"d c:f.ﬁn::g a EIEEE

Sum of ¥ terms in a geometric series

(1— rN} _

¥ -j where ¢ = frst term, r = common ratio
— F

Program: BJE [stofcnter|*|11*] —|x— m[iog|var| x [antilog]*|11* — [rcl|{ = {var] x jvar| [20} C/CE

=

;

Execcution: irexec|N exccla exec)

Arithmetic. . -{eomelric Series
a+ (g +diyr + (@ + 2d0° + ..+ (e +nd)r” +

¥
. —— |
Sum o= | —p < )

| —
Program: B/E [stolenteri®|1{} —|— |x-mlenter|var] x [rcll =+ lvar| + frel{ = fvar! {18} C/CE

Execution: [rexec|d exccla exec] SA



ANERAE ARITHMETH.! FORMULAE

DECIMAL--BINARY CONVERSHON
(1) Decimai to Binary inteeer
Program: BJ/E lenter:®121M @ fvarl ) C.CF
“secution: h' Eiecﬁﬁiacgﬁxacl. .-
At each stage write | f non integer part ol display increases, wriie ©

i non inteper parl siays copsiant or decreases, continue upiil INiePer Nasses rero.
Produces Binary digits from most significant to least significant.

21
(113  Binary o Decimal mmeea

Program: B/E {+[%2% x|var| [6] C/CF

Execution: laexecibexec]. .. ~§’7“ l f::-iﬂch + |

Ciler Binary dignis inocder from least significant to most significant.
(111 Decrmai to Binary {Taction
Program. B/L it’:n[&r{‘iﬁiﬁj x [var| {6] CJCF

Execution: 'J: exed

sxec|exec). . .
Write down |l integer part of display is odd
Oafintezer part of display 1s even or zero.

Produces Binary digits in order form most signiftcant to least significant.

{iv}  Binary to Decimal fraction

Program: B/E |+ [*]2}--|var

61 C/CF
Execution: luexecibexec| ... ln exec]

Enter Binavy digifs m order from least significant to most significant.



CUOMPLEA NUMBERS

=9 + ID

Magnitude = |z| = /g% + &
Program: BJE ienter]x {sto]+|varlenter] x [rel} + | /xvar] [13} €iCF

Execution:  joexecid oxec,

== Arg ) — arclan #/a
Program: B/E lenterlsto| +|varfenter{rcl} < farctanivar| [9] C/CE

Freralion: jﬂ f-,:-;t:tzib exec|

DETERMINANTS
. f}lj
| | = o815 —dia i,
12, D]

Program: B/E ]Eﬁiﬂ'l‘?\-’ﬂl‘l?{jIStDl—i—I‘.’El[*IEﬂ[EI‘l\—'&FEH[-“]l'cilﬂi-i?ﬂ[i [13] C/CE

ST - 1 1
LACCUTIOn: Is;: EXEC]H; EXeC|d, ﬁx-::tlbl E}LEE‘

LOG BASE CHANGE

log,. a
iDg 5 I = }G"g’"g}
. . log
— In paritcular  log .4 = iﬂgiﬂ?
10 7

Program: B/E Iﬁntf:rliﬂgismﬁﬂi-iv&riﬂntﬁrrglﬂgirﬂl{-}-I-{—!vﬂrf [11] C/CE

Execution: {aexec(h exec|

6A



GLOMETRY

TRIANGLES
AREA = labsny {1}
— Y hosina {13}
w4 420 8N ff (111

varjenter!ﬁinln:i[ % !‘u’EiI‘[ [15] C{CE

‘izf’i+lvar‘ X !smi +

Frogram: B/E IEﬂtEI‘

b xecution:

(1) @ exeetdh exeely execl
(13} b exec ¢ exec|x exec!
() jc execla execlf exec|

o ah, |
Area (alternative) = Ty {1
bh, h = aifitude
=2 &
oli
=7 {11}

Program: B/E lenter[*|2?| = [var! » fvar] [8] C/CE

Execution:

{1) @ execlh, exec)
{1t} (b execlh, exec]
(111} [ execlh, cxec)



LENGTH OF SIDE BISECTURS Sa = +./2{b°+cYY—0q" (1)

Sh= Y J2(c* +a’)— b2 (i)

Sc= 1J2(a* +h% — " {1

Program: BJE jenter! x [sto] + [var[enter] x {rel] + jvar] x jsto] + |

| varlenter] x| —frel] 3 /x| var] - var] [23] C/CE
Execution

(i) b execlr  excel2  execla  exec]2  exec]

(1) o execla  execl2 execlh  exec{2  exec

4. 1 ¥ 2

(1) [a cxec|h &}EE'.E[E ::;-;n::{:!.r r::{r:cjz £Xe0
. SITEY £ f ¢

fengih of side t« — —— « p L =

Sinf $110t sINf SN

Program: B/E ]sin|smienter]war]an.tcr]ﬂinim:v—frcl[::-: var; % |var] [12] C/CF

Execution: lx execiff  execld  exee

PARALLELOGRAMS
AREA = gh

Program: B/E lenter|var] x jvar] {4} C/CLI

Fxecution: Ez; E:{Et:if": E}:ﬂﬂ?

RECTANGLES

LENGTH OF DIAGONAL = [/ a® + b°

Program: B/E !Eﬁtﬂi"xIﬁiﬂ‘ﬂh}\fﬂi’iﬁﬂtﬁ[“ ;{{rﬂl[ni_-’.,w.ffigvaﬂ {t1] C/CE

Execution: ia -:::s-:&t:‘b t‘:{f.‘{:[

TA



GEOMETERY

LIRCLES

;o= Tadlls
CIRCUMEPERENCE — ‘o
Programn:  BfE [enter{*{7{1{0P] x [*|t1113[*|+]vaz| [14] C/CE

Executiony:  lr ﬂx{:-:[

(X

AEBEEA — 7
Program: BJE lenter] < 413[5{52| » [*[1]1[3{?] = |var| {}51 C/CE
Execution: | E:;-:ﬂc{

=
ARLAOF SECTOR = * (v radians)

-
Program: B/E lenter] x {1218 =lvar| x tvart [9] C/CE

- L i| l
weontion: is :::-:r.-:t:y;r: L"?';EE]!'

2
b

AREAOF SECTOR = i b degrees)

Program:  B/E feater] = [*12[¥ = var| < 915171317 = 5|10 = Jvar] [26] CICE
Execution : {f CREC|%  exec)
AREAOF SEGMENT = 2/ 2hr — I

Proesram: B/ [me 1:5!‘,u]+ 1”" i qvﬂrg 0 1.1’—!?I%ﬁﬂtﬂt'1 Y }I — [r::ii +’
| x 282 pvard [217 CICE

Fxecuton: h Execgr exec




CIRCULAR RING
SREd = i BE— 5

Program: B/E jenter| x [sto} +|varlenter| x | —[rcl] + | ]3] 5151 > 1131 1131% < jvar] [23] CCE

' ' R N
Fxecuiltan: A CXECH N

RIGHT PARALLELAPIPED CUBOLD

l -

VOLUME = ab e I :; = :
| | | i d-’
. . ] : » | : e

Program: B/E |enter|var] s jvar| x fvar; [6] C/CE P

.
Fxecution: lu exceih  execic  exeq = -

el

SURFACE AREA = 2 {ab + uc + b¢)

Program: B{E jenteristo]+

var! x [x ] 4 fvar| 4 fvar] < irel| 1 [€20% < beae] T18Y C/CE

Fxecution: b execle execle execla exec

el " p—

DIAGONAL = d = Juo + b +

Program: B/E lenter] x [sto] + |1"HT[EF1HII‘1 x frel) + is,tﬂl + varienter) x fref] 4| fx wlrl a] C/E

Uxecubion: [ff t‘::a:z:c!h X

. EEECE



CREOMETRY

AICGHT CIRCULAR CYLINDER
VOLUME == m¢-r
Program: B/E [emer! X ]wtr[ }:%‘fﬁiﬁm’i}{ %‘E¥!1131’1+}v3r§ (171 CACL

Excoution: v EXECT  €XeQ)

AREAOFCURVED SURFACE == 25rf;
Program:  B/E |enter]var] < [*]7[110* x 1111 {13P] = [var] [16] C/CF

Cxecution: |r execlr exee

AREAOF WHOLESURFACE —= 2avir L B
Program: B/E [enterjsto] + {17]1{08] x [#|t[1]3]* o |xemf+ fvar| + Jrel} < fvar] [22] C/CE

Execution: jr exec)i  exec)

HOLLOW CYLINDER TURE

VOLUME = 7h{r,® — r,%)

Program: B/E jenter| x Istof 1 [var var

cntﬂri e frﬂ‘ —

< 3515 s (S 3] Y= lvar| [24]

. CHCE
Fxcoution:

ry exec[ry execth execl

ARLAOF CURVED SURFACE = 2xhi{ry + ¢}
Program: 8/L [&nier[v&rf-{-gvarl }i]‘j?{!‘;f}i’g % f‘mili"l : g‘mri [18] C/CE

Execution: ]r, E:i':f.‘,irz Em‘:n‘:iﬂ’f E::-c:-zf.:[ L3



RGIHT CIRCULAR CONE T

VOLUME — Lrr'h

Pragram: B/RE §r:nt=2.r] }:'{vﬁri:{i‘mﬁ‘iﬂ Hi‘]?sé}!‘}[’f-:-gvarf 117} CICE

Exccution: [r e:#.ec[ff CXEC

AREA CURVED SURFACE = arJrt + i* (i)

n TR (11

Program: (i) BJE |enteri x {stolenter|var} x [rcl[+|rel] s | /x{|3[5]5]7] < [F]1[1{31?] = var|

(24] C/CE

Exccution: (i) ]r ﬂ}iac‘h Prrier E:ﬂ:t‘-n:i

Program: (i) BfE lenterlvar] x [M1313157% » (#1111]3]?| = |var} [16] C/CE

- . . § i '|: _ . _ 1'
bxecufion” (n} iy 'E.}:.ELI.? EXeC

TOTALSURFACE AREA = nr (s )

Program: BfE [stojenter|var| | | rel] x [*[3]5]5%] x [#|1]1]31%]  fvar] [19] C/CE

Execution: %r EHEE‘E L‘EL‘EE

SPHERLS
VOLUME == $ur*

programs B/ lenterlstorel x el 4 4[2§0]" x[f33(9p] = fves] 207 CICE

Execuilon: ir E."{E:{:{

DlSThHEE BET‘NMEEN {Ilv _.ri] & [I} _FI} T ’\;I'ft-\’:'-_ __I{}: ”}-._(.1-'3 -_:..J‘r,:.i.ii

Prooram: B3R lt:n’LE:r

‘mrj —‘ %, |5T.:L‘.r!—|—j\;'f.t !'{Et'ater‘vaﬂ - | K ]r£:EE—|—jT,H__.-"§§vaH‘

[15] C/CL

Exccution:  |x; execly, exec)y, execiy, exec

YA



STATISTICS
SUMMATIONS

‘_-I

,}_.,:"'-:' LY
Program: B/EF \Emar}ﬁ;‘ar'i:-:-‘r::-ll-!-lﬂt-::-riﬂntar]varj [81 C/CE

- . - i
Fxecution: |y, execly, exec

v, exec|y, exec!

oic

2 A=W

Vel

Program: BfE |enterivar] — | x [rcl] 4 [stolenter

(9] C/CE

bxecution:  |x, r:xe::%yl exce|

X €XEL] ¥, eXeC|
cte.
Program: Bjl: ﬁ&ntr:rl:f: \rcﬂ[ +[5tﬂlentﬂrivm‘| 171 C{CE

Execution: x| execix, exec| ...

Product of Sumns

[Hx; -+ )
Program: B{E lenter|var| 4 |rct] x [stolenter|var| [8] C/CE
Lxecution: ‘1 smf.ri Exech’l -;::,h:;r:f:]
¥, exec|y, exec|
ol
2 X;

Program: R/E [enterjrcl] + [stolenter]var| {6} C/CE

Execution: |y, exec|x, exee! ...



Program: BJ/E |enter{ < ircl{+[sto|enterivar| {7} C/CE

Execution: |y, execlx, exec; ...

sl '!

T = X¥{bample mean)
N

Program: B/E !4 [x—mlenter]®|1{?1 + |x—mlenter|vari [10] C/CE

Exceation:  |x; exeelx, exeel .. frel

N, = d (Mean of differences)

Program: B{E |4 ]var|--[x—mlenter|*|1P| + |x —mjenterfvar] [i2] C/CE

Execution: |x,, exec|x,,exec]
{ ¥y, EXEL| Xy EXEL
ZiC.

et -+

Program: BJE [enter|x [rclj + [stolenterjvar| {7} C/CE

Execution: iy, execiy, exec|



»PATISFICUS

STANDARD DEVIATION (SAMPLE VARIANCE)

fppp— et .
fl__.xrz - H{-:":ll'h
LY =

Program: B/E |stol /x{var! x| x [varf —|— fr—mjemﬂrf‘f H2)— f = [rﬂif x [ /x(var[ [19] C/CE

-

Execution: {nexec!s &};E:{:\E:Ef *E:}L'E:L‘E

T STATISTIC

-8

N on

Program:  B/E [stolenter(![1P| - | - [rel] x

I

I

i1/ xhx —m|enterivar] — |~ rell = |lvar] {201 C/CE

Yol

Execulion: [f execjn excc|x/n execl

PROBABILITY THEORY

A —p)
Program:  BJE fsmE{-:nfer|‘fEf’[-----[—'rtl] % !HELFI (407 C/CE

Exccution: 'p exec!

QUALITY CONTROL.

[15] C/CE

Program: {Emjeutﬂrl‘ilm —— I —j'rr.:l[ 3 [1-'31‘] --',---]\/ﬁxmn:[rcl Var

Execution: |pexec|aexce +|

or |pexcelnexec —!

i1



STANDARD ERROR O DIFFERENCE

o4, Py

N B i -
Program: B/E |enter|-+|stofenter{var|enter|—|rcl| + |var| x jvar| x |, x{vart [15] C/CE

Execution: |r, exec|n, exec|p execly exec]

CHI 4

—

X“:EFGEEF

l

Program:  BfBE|enter| —§ var} +} 3¢ var - rel] +| sto] enter| var} [12] C/CE

Execution: | Q exeq| £ exec| £, exec]
v

SIMPSON'S RULE
A= 1731 (¥; + 4> F y3)
Programi: B/E &nter] HEL[ 5] % I var] -1'[ wmjﬂ var}, }{]i|3| 5i Z—i var| 116] C/CE

Execution:  |{¥, exec|y; execly, exec|h exec]

SOLVING FOR REGRESSION LINE y=sx+h

Solution of the simulianeous equations Ly = ﬂEEj + nb is required,
Xy = arxs+ bXx

The values of Ly etc. are derived from carlier programs and the eguation is solved using the
determinant program, as follows :

LHE X
N PR
%E}:y Z:{E

i
R DX Py
> x7 2. xy]

B A | 11A



FINANCIAL

FCCUMULATING MEMORY (M -1)
Program: B/E [enterx—mjrcli+ |x— mfenter|var] [7] C/CE

Depressing execute bution adds contents of display to memory {M 4+ funcruioni

ACCUMULATING OR DECREMENTING MEMORY (M4, or M)

Program: BJE |enter

x — mfreljvarix — pifenterjvar |{7] C/CE

jexec| + exec|gives M + funcion

exec| — excelgives M — functios

PERUCENTAGES

[IVE © KEY OPERATION

rosram: Bib ]Entcr}tstﬂﬁt_‘:r‘tter[vﬂri P !‘il!ﬂ\ﬂ!’\—-}—hﬂr]ru{% + {vai‘[ 115

Exccution: |4 exec|Bexec(displays B, of A)|execute(displays 4 + (B% of A))i
or |—execi{displays A — (B9 of 4]

MARK UPFP
A B of A}
Program: BfL |stolentertvarl x 1% 110101%| =|rch| + [var} {13} C/CF

Execuiion: [A execrH exec.

DISCOUNT
A —{B% of )
Program: B/E Istofenterivar} x {*|1[0]0{*|-~{rcl] — [ —{var| [{4] C/CE

Execution: [A exec|Bexec|

12



COMPOUND INTEREST

FINAL SUM FROM INITIAL SUM INVESTED FOR n YEARS AT INTEREST RATE a
&= J{l 4+ al’

Program: B/E ]ﬁtﬂlen{ﬂrlvar}ﬂn{ﬂr|‘i}|’|+Ilﬂg{var] X [aﬂtiiﬂg]rcllx '[var\ (13| C/CE

Execulinm: EI cxecla execln exer,

NUMBER OF YEARS REQUIRED TO ACHIEVE GIVEN RESULT

F
= 108, ) i

Program: B/E lenteri*|1?] + lloglstolenter{varlentertvar] - ltoglsel| = fvary (6] C/CE

Execurim: ir} &}'LE:E]F [jji_ttﬂif EIEEI

INTEREST RATE NEEDED TO ACHIEVE GIVEN RENULT

Program: BfE [enter|var|=-ilog|vari-=-jantilog|*|1]*| —|var| [12] C/CE

Execution: {7 execlf exechn exec!

INITIAE, SUM NECESSARY TO ACHIEVE GIVEN RESULT
- F
f;! +.ﬂ}"

[ ==

Program: B{E |stolenter|var]enterf®[1{* + llog{var| x Jantilog| = [rclf x fvar] [16] C/CE

Execution: |Fexecla execn exec]

12A



FINANCIAL

LOAN REPAYMENT
2Y

ANNUAL REPAYMENT e Y = amount DOrrowes
Im"-['-':{-——'-': if == }'Eﬂl‘iy iI‘l{EI_'E-.E.-'.
t+a) n == term of loan in vears
Program: BJE [stolenter|*1{?] + [loglvar] x [antilog| = [1P] | - |x ~ mlenter|var| x 'rel| = lvar
{23] C{CE
Exceution: |a excein exce]Y exec
' ) F

TERM OF LOAN n = [0 4 P—ﬂ"r’
Program: B/E [stofenter|var]>x |var;—|#|1|*| —[— |=[logix —mlentec|¥]1]?| + logl-=]rel| x Jvar]
Execution: laexecc|Y exec)P exec 124] C/CE

| T+
LOAN REDEMPTION RECOGNISED REDEMPTION FIGURE = PT~a | 1 ﬁxfﬁ)

% inerest rafe

T = number of remaining install-
ments

N = lotal number of pavments

P = Payment value

Program: BfE lenter[*{1?} 4 ircl] » |stolenterfvar|enter |*) 1M 4 jrel —|varl x [var|— jvar| x |var|

Execution: |N sto exec|T execla exec| P exce{T exec] — | 24} C/CE-

13



L ASH FLOW

SISCOUNTED CASA FLOW

Program: B/ [cnicr[‘[l[’[ -f—|+{w1r]3~: [var_[ N CICE

~ . !
Execution: fc:r exﬂcf?ﬁar 1 EH&CJ

totial
(1 —:|—'ﬂ}”

YEAR h=

Program: B/E fenteri 11" + lloglvar| x janiilog] +{varf x fvar] 113} C;CE

Executron: jff c:n-:e-:iﬂ exec|f f:f}u:c:j

AMORTISATION FACTOR

Program: B/E !Emfﬁntﬂr]‘l1]’]+|1ﬂg]var‘:n: lantilﬂgﬂlf’f [ I-Irﬂl[}{ |I‘Ei!-i—£‘-u*ﬂr% 20] C/CE

Execution: & execs EALC|

[3A



GENERAL APPLICATION FORMULAE

DEGREFS FAHRERHELIT TO DEGRERS CENTIGR AL
Program:  B{E] eﬂi‘ﬁr[ - ! 31219 [ o1 S{M X 5] 912 = lvarl {1531 C/CE

Txeguiion: | °F exec|

PEGREBES CENTIGRADE 10O DEGRELS FAHRENHELT
Program:  BfElenter[ 6] 919 X || 5|21 - |{3]2|9%] +|var| [15] C/CE

Execution: i °C e;f;ﬂ{:;f

ANEY CONVERSION
DEGREES MINUTES AND SECONDS TO RADIANS
Program:  B/E| rel{ X | var| +] rel] X | var| +] rei] [ ©] 9] 2] 8|2 EB[ 5] = 5[ 2172 X var|

Execution: l 60 sfo enter\ Depraes E}ﬂl{tcs minutes ﬂ}iﬁ:{:‘ geconds &:-;-:4:1 124} C/CE

TIME CONVERSION

HOUKS, MINUTES AND SECOGNDS 10 DECIMAL HOURS
Program:  BfE{enter| 8] 6]0: 2] Xlvar] +1816] 012 X var} +1 #1316} 0] 0} ] 1 var|

Execution: | Hours exec| minutes exec| seconds exce]| (23] C/CE

TALLY COUNTLR
Program: B/E!&] L9 +’ Wtrf (5] C/CE

Fxecution: l ﬂxﬂﬂ[

I



VAN AGAINST MACHINE (SUBTRACTION GAME)

The following program allows the user fo have g contest with the
calculator. The operafor Selects q starting total ond then subtracts .

2 or 3 from that fotal The calculator does the same and ploy eon-
Lniwes alteriarels

The object ¥s to leave your opponent with ‘17 In the display. If ‘1’

is left following vour subtraction yvou win, ff "1 is left after subtrac-
Hon by the machine, you lose.

Program: B/E[ enter| x —m{rel| -] var| x — m{enter] €] 4] 9| - {rct]+|sto] enter| var|
Exccution: I 1510 ﬂﬂiﬂl’i i = staﬁing fotal 16§ C/CE
; , o= 1.2or3
| nexec|  operator plays
exec | calculator plays Start with 7 =25
1 exec]
| exec|

1A



FLECTRONICS
CLURRENT. YOLTAGE. POWER AND RESISTANCE

{ — VIR - PV~ [PiF

—

1 = IR = Pl = P
o ],.r! . fER ]’_r.?;lR
ﬁ:‘ —-— I-.I'-'f S Fflrl I’FEIP

&

RESISTORS IN PARALLEL R = .
HRy + 1R,

Program: B/E |enterj-=istojenterjvar|enter|-|rcl| +|-=|var] {817 C/CE

Execution: IR, E?-:EE|R3 E}EEEI

1

HR!, —+ 1”{1 -+ l,fIR-,

Program:  B{E {enter|—Istofentes varlentﬁr[uﬂrctq+[sm‘enter[varlﬂntcrt—t—[rr:1|+1
i—=-ivar} {18] C/CE

Execution: |R, exec|R, exec|K, exec|

RES]ST!VE ATTEHUATGRS vrnbalanced
{iH—1) ] |
R, = R, whtere 1 = voltage atienuation factor
(n -+ §)

Program: B/E [stafenter|*|1[?| +|x~m|enter[€|t* —jrel[ =

Yir

% |var| {17] C/CE

Exccution: |mexeciR, exec]

2R i

it — 1

R!:

Program: BfE [sto|enter| x {6|1|?| —{-={rcl| x |var] x [¢|2{*] x [var| {17} C/CE

Exscution: lnexec|R, exec!

L5



single program for R, and R,
Program:  B/E [stolenter[¢|1]*] — |x-mlenter|*]11*} + | = | ret]
celf=—ircl| < |var| [24) CiCE

|21 execldisplavs 7.

x [var] x |

VAar

Execution: |nexec|R, exec[displays R,

REACTANCE—FREQUENCY CHART
Program: B/L iﬂnter!varﬂ?ﬂ AU LRI R o B {vari [16) C/CE

_ . i ,
Execution: Fom |fexeciC x exec|
2rfC
z = 2nfl | fexecll x exec|+
, | .
= - | execjz x exec]
2nlz
o i.exec|z =— cxeo
/ 2zl [ I ‘
I
C = - | fexec|z x exec]
L = _= Fexecit < exec!
> Ki , ,

FREQUENCY TO WAVE LENGTH CONVERSION

- - —
J == T g
Program: BJE lenter{—|*219]218{0P] x ¥ 1{0lolojol*] < fvacf {19} C/CE

Execution: |f Execi

or |4 exec;

134,



ELECTRONECS

FEAK AMPLITUDE OF HARMONICS OF WAVEFORMS OF UNITY
PEAK AMPLITUDE

SQUARE WAVE a. = (1 odd;
i
Program:  B/E [enter|--[4]4|3[2[% x [*[3]5]51*] - {var} [15) C/CE

Fxecurion: i exec

ITRIANGULAR WAVE a = -

8 . |
55 (4 Odid}
| h

Program: B/E lenter|x | %1 [8[4]%} x [¢12]|2|7[* -+ Ivar| {16] C/CE
Execution: {nexec
8

SAWTQOTH W4 Vg a, =
I

il

Program:  BJE lenteri-= [%12[2(6]%] > |¢|3

5|5« [var| [15} C/CE

Fxecution: {nexec

RCL CIRCUITS
DISCHARGE OF CAPACITOR v = Fe 1R {1

Program: B/E ienterhar‘u}-‘varf f-]ﬂ J‘Ii]l[i}{’l S [‘IZ!?H"J~Z—E:in[i]c:g]vari :-e:h*ﬂr]r 1221 CICE

Execution: l!‘ Elﬁﬂ‘ftlﬁﬁlﬁ’ EEEEI !f'f::-iecﬁ {1}
CHARGING OF CAPACITOR v = V(] — ¢~"H) (ii)
Exceution: |t exec|C exec{Rexec]l — — ¥ exec] (i1}

16



TIME TAKEN TO DISCHARGE CAPACITOR { = CRIn -,

Program: iméterivﬂr[;_‘lﬂg|‘1i§?lﬁ|’% x 417161 %= var| x [var] x [ ~{ var| [211 C/CE

Execution: |v E:u:er;[ 1) Eﬁec‘:[(_‘ ex&cfﬁ' ﬂxeci'

FIME TAREN TO CHARGE CAPACITOR + = OR fn(I — %)

Program:  B/E |enierfvar]-=[*[t1®| 1 —|log|*[1]|7|5|?| x [¢

Execution: BfE |vexec|V, exec]C x R exec|

716P 1 =-Ivarl x | — | var| [24] C/CE

CURRENT DFCAY IN AN R—J1. CIRCUIT 1 = o - & (i)

Program: B/E |enterivar| x |[var|—|— [¥11]1}9% x 412i7|41* = [antilog]var| x fvar} [22} C/CF
Execution: |Rexec|r exec|L exec|/ exec; (1)

CURRENT BUILD UP i = t—¢g ™ X5y (1)

Execution: |Rexec|, exec|L exee|l~ - fexee] (ii)

GENERAL FORMULA FOR INDUCTANCE OF COIL L — dnpdn® x 1072 uH

Program: BfE [enter] s lvar] x var] x [$]1{4][2{? s [${1[1]31010]®| = ]var

121} C/CE

Execution ; !n t::{f:c:!,tf E:-:n:r;]A E]{El.’,tg

lOA



ELECTRONECS
DECIBEL CONVERSION
F E {

N = 10log,, —= = 2Dlog,, -2 = 201log, ., -2
H}FI Dll::E! mfl

Program: B/E lenter|var|= [log|*|1{0®| x |var] [10]

Execurion: [FE EIEL‘:%P[ n:;r-iﬂt:[

LN

10
Program: B/E lenter{*|1]0]%] : [antilogjvar] x Jvar] [10] C/CE
Exceoulion: fﬂ’exccﬁ“; f::-.:ea:|
TRANSISTOR TRANSCONDUCTANCE S = (1021 dvinmV
Program: B/E ]Eﬂtﬁfj‘!ﬁ|ﬂi’l+Eantﬁﬂgi‘[l[’%—ivar} x [var| [14] C/CE

Fxecution: |81 exec|/y exec|

TRANSISTOR VBE INmV VBE, = VBE, | 60iog 2

iy

Program: BJE lenterjvarl @ [log|¢]6j0i x {var| 4 tvar| {12} CIiCE

Execution: i, exec|i, exec;VBE, E::-ZEE'E : E
..""12 . A?
K = ' ;AJ
A) @{H
—t
INTEGRATED CIRCUIT CURRENT SOURCE =~ R = “Plogk 2
' ')

Lxecution: |i, exec|i; exec|K exec e



i H}m.rl:nﬂ' o
TRANSFER FEUNUTION OF LONG TAILED PAIR —F. {[‘m--;;;éﬁ-;- ;\;. IR 7R
s

Program: B(E {enter{|6]0?| = lantiloglstolenter|®| 1P| 4 xmlenter|®]1:2
[rf; {Tlvtirﬁ 22 CjCE

Execution: |dévexer!
?hﬁﬁi ?I.:;-Eui

----- - ;@j

.-".i".l""

MOS TRANSISTORS
NON SATURATED CONDITION ¢ == K(o{Vos~ V)=V I pg

Program: B/E {Stl;‘.s]“

= [4)2P}x jret] — fret] x fvar| x var| [37] C/CE

- . . F . _ byr
Execution: |V pgexec] Vg exec) ¥ execiK exen

SATURATED CONDITIONS Iyo = K(Vgg— Vy¥

Propram:  BJE lenterfvar] | x [varl x jvar| {7] C/CE

Execution: !V cexec]b execlK EJ{EE‘

GROUND EFFECT Vy = Vo + 4 b

Propram: B/LC iﬁﬂt&]‘[fﬂﬂi]’[{-!varf - f‘*.fairf 9] C/CE

Execution: |V pcexec|Vy, exec

VA



rLECTRONICS
POWER AMPLIFIERS

POWER QUTPUT FROM PK—PK VOLTAGE SWING P = VPK— DT

S8R
Program: B/E jenter}x |48 = |var|+fvar] [9) €, Ct
xecutlon: f Vo — pk E::{E:CIR e:u:i:I
, . I VG —Vmn ,
EFFICIENCY OF CLASS B STAGE = . & Vo = quiescent output voltage

4 V'

Program: B/E jenterjvar| :-[*[1% —| —[*I3]5]5]%] x |8}4|5§2{*| = jvar] {2t] C/CF

Execution: [Vmin ﬁm‘:f:I 0 E:.{E:G]

DISSIPATION OF CLASS 5 _ Vecf ;._"‘71) . _ Yout pk—pk
oo o ( 5 St
Program: B/E [enter|x {*[217]-= [${1P|— | — |¥[4P} = [var] © |\ /x|var| x| x |var] [22] C/CE

Execution: |[xexec|R exec| V. exec]

-— 7 a z
DISSIPATION OF CLASS B STAGE P — -'f ;' = - Ef)
1T

Program: B(E [stolenter] » *|81% = lx~m|enter$} 711013 —161111131%] > jrel] —tvar [24) CICE

Execution: |xexec] V.. xR +|

ISSIPATION OF CIASS C STAGE P = Fﬂfﬁf (sinf — §ous 8}
IL
o = quiescent voltage
[,, = meancurrent
(! = powertransferanele

Program: B/E |stojcos|rcl| » fx—m]sinjrel] — |4{3{5[5}°] © [¢]1{1]3{* x var] x }var] {23] C/CE

e "l

Execution: {Hexec]d, x /,, exec) s



. F. AMPLIFIERS

Sab POINT £ =
"~ 2rCF

Program: B/E [enter|var|x ¥|7HH{OP] x |#1113|?| -+ [+ {vari [17] C/CE

cxocution: [{Z’ E::-;e:::[R E:-LE-*I.':]

J_r‘;ﬁ{ib i

3ab POINT OF IDENTICAL CASCADED SECTIONS 7 3dh e
:i" "l,,lfj Lr - F

Prograim: B/E Ismjentarlilzi’llmgfrﬂj+[antﬁngf‘[i}’l--gweq:!-{—ivar‘ 16] C/CLE

Excoutian: En. ex&::]

SHUNT PEAKING —VALUE QF L FOR MINIMUM RISETIME L =0.414 R°C

Program: B/E [enter| x [var

o ]‘lf-if-'l[4[’| % ril l{ﬂlﬂ']‘j]\#‘+‘v&r_! (8} CiCE

Fxccution: [Rexec|C exec

VALUE OF L FOR MINIMUM OVERSHOOT [ = 0.25 R

Program: B/E lenter} x fvary x [412151%] x |5]1{0|0]*| -+ |var] {16] C/CE

Execition: 11‘1’ E::-u:i:ii“ exec,

RISE TIME 1, — 2.2CR

Program: B/E jenter|var|x [$12[22 x |*]1]0[®] - |var| [14] C/CE

Execution: EC execiﬁ' c::-a::r:1

1 8A



ELECTRONICS

NFEFGATIVE FEEDBAUK
SERIES VOLTAGE FEEDBACK Ar = ___ :

Program: BfE [stolenter|var| x {*{1[*| |-+ |rcl| x [var] {12] C/CE

Fxecution: [, exec!f exec]

THERMAL NOISE

A ™ s Wt ™ | L ST T - -

E =, 4k TBR = /1176 kBR  at Room Temperature

Program: B/E |Entertwaﬂ X [varl X |‘]I]Ii?}ﬁ[’] X ]H.-"T-::Ivar] (14} C{CE

Fxecution: ]ﬁ; execfﬂ ex&c!ﬂ E:-:Etf

[ = JINT6kBiR  at Room temperature

k)

Program: B/E lenterjvar| x fvar}=[*[1t]7|68%] x | /x}var| [14] C/CFE

Execution: |k exec|B exec|R exec]

APTIMUNM SOURCE IMPEDANCE FOR MINIMUM TRANSISTOR NOISE

Ropi. = J(ry + r,Y20r, + (rs | 1.V

Program: BJE [stolenter|var] 4 [x—mjenter{¥2{*| x {var] x lrcll x |
x=mifenter] x [rell+ [(/x|var} §21] C/CE

Execution ; [; m;f:-:]rb ﬂx&c]ﬁ EREE]

SHOT NOISE IN A TEMPERATURE LIMITED DIODE In~= J2eIB

Prograin: BfE |enter|var; x [var| x {¥|21%| x i /x]var; (11} C/CE

Exccution: leexec|iex E'.'L"I R exec|

19



POWER SUPPLY SMOOTHING——RIPPLE REDUCTION FACTORS

ety %Ht l::g: R,
I I S
() (b
L
ﬁ':cl J_{:'ﬂl §ﬁ| J_fu- 'i:'lj_ %“'—
1 z s T | '[
) __ : R EE e
V2rfCR, e} o}
Program: BJE [enterjvar| x jvar| x |stojenter|*|4|5141 x 1412]31%] -]/ x]rell x| = [var} [23]
CiCE

Execulton: | fexec!(, exec] R, excol

}

E..—’ sy =
} ) wLC,— 1

var] = [ — 1+ bvar]| {12]

Program: B/E |enter] x |var; x

Execution:  [wexec]L exec]C, exec

!
—_— .iH?I L{:-u_ 1}"

S

Program: B(E jenterx |var| x jvar|x |¥{1]*| - -Hogivar} x jantilog{varj [16} C/CE

Execution:  jwexeclL execlC, exec|n exec

{f} "_'Ij — 5':1.':{1

CRITICAL FILTER INDUCTANCE L = Rly/2k—1
' IiN
i« rectiher voltage Conversion

factor {normally 1.1 13

Program:  B/E jenter] x [412|* < | /x|*|1*) — fvari x |var] = |var] [16] C/CE

Exccution: |k exec, R, EIEE‘H‘L‘REC| 194



ELECTRONICS

TRANSMISSTON LINES
LINE EQUATIONS

d“ F o Z = hne unpedance per unil lengte
gl £YY Y = paratlel admittance per unit
] lenoth
,_i — 7YV F'ows hine volis
dx® 77 I - lnecurrent
CHARACTERISTIC IMPEDANCE  Z, = &

Y
Program: B/E |entev|var]-—]/xjvar| {3] C/CE

EXCCUtion [}f E}:{E}f_“ }’Eﬁeci

i
£5

e LR
DL

JZIY

CHARALCTERISTIC ADMITTANCE Y, =

=) x) -+ |var) [6]

[ xecution: I}_’ t:*:r;f:t:[ Y oexeo

Program: BJE lenterlvar

COMPLEX PROPAGATION CONSTANT 3 =27V

var| [5] C/CE

Program: B/LC |Entﬂr]var[x|\f£

Exccuiion: f.?;' f:,tf:t:{ Id E?{E'r:i

20)



LOSSLESS LINE Z, = A/C

Hrogram:  BiE !Zﬂntﬂrﬁvar]f‘[\fﬂvar! (37 C/CE

Execution: ]'L e;!-:.e::i-f EIE{:’E

L=)

>

PHASE VELOCITY =

: | R

v LC

Program: BJE lenterjvar| x| /x| |var| [6] CICE

Execution: |L exec]Cexec

REFLECTION COLEFFICIENT

_ LT %o
Fh= Z,+Z,
Program: B(E {enter|var|stof+ [x—mienter|®|2|*| x {rel| -} 1?|— — V| [18} C/CL

Fxccution: iZ_L ﬁﬁEEEZG CXCC I

20A



RADIATION AND PROPAGATION

AERTALS

| E -
POWER QUTPUT OF ISOTROPIC RADIATOR T— 1_; -

Program: BYE |enter| x [*]4]2]6[0[0™ - {¢[1]1[3|* x lvar] [17} C/CE

Exocution:

E..I".l'il'i'."T E-"}{ ':L.EJI

1 J"'\ )
RADIATION RESISTANCE OF HERTZIAN DIPOLE R = S{JHI(:E)

i

Program: B/E |enter{varj={x [$]1181116!01%| » [¥12131% « tvar| {18] C/CE

Cxecution: [J’f EEEEEE ﬂ:-n:&:f:{

RADIATION RESISTANCE OF SHORT UNIPOQLE ABOVE FEARTH R = ]E}Dnz(

Program: B/E |enter{var] = | x [*13{6]302101) > [42[3]%] - |var] {18} C/CE

Execution: “1-‘_’ E:ﬁ.ﬂc[j execi

VARIATION OF FIELD FROM HALF WAVE DIPOLE WITH ANGLE

E. cos (nfd cosi)

Pt P —

E, sing

Programa: B/E [stolsinjx —m|cos|®|3]5]5]% x [*1212161% - lcos|rcl| - fvar] |20] C/CE

Frecution:  [#exec]

VARIATION OF FIELD FROM RHOMBIC AERIAL WITH ANGLE

o lsinf}f o mf |
= = il iy (t — cosd)

. { — cost

Program: B/E [siojcos}® 1} —|—|x—m]sin|rell = |x — m|enterjvar x |var} x |var| - [sin]
||‘+::El X ‘vﬂr‘ [23} C/CE

Execution: |4 Execiﬁ E:-:E{:“ﬂ?{ﬂﬁlﬁ t:m‘:f:ﬁ

A

Irf) £



Frans 2rANCcosH
(TPUT VOLTAGE OF LOOQP AERIAL = e N

Program: B/E leoslvar} x |vari x

var| = [#|7| 1|i% x [$1H 1{32] - pvar} [20] C/CE

Execution: IE:' E:}LEEIA' EEECEN exec[,‘{ ﬁ}:ecj
COMMUNICATION THEORY
AMPLITUDE OF FREQUENCY TERMSNS CONTAINED IN PULSE WAVEFORM

CYCLE S AND AMPLITUDE E OF DUT)
£
_ gpg7 ham ik
Ha TSR nrtlT
Program: BfE {eater]®13{5[5]% x [11]1]3]%] © istolenter]var] x [sin{rel]+{var] x |var]
23] C/CE

Execution: {nexecit/T exee|2 x Eexec]

CHANNEL CAPACITY QF PULSE CODE MODULATION SYSTEM
(" = Blog.{l + §/NV}
Program: B/E lenter{®[ 1?1+ Hlog]#13:31212:% x [#]1]0[0101*] = |var] x [var| [23] C/CE

L xecufion: 'iE SIN a:-:&c} Fs E:!-:f:c:l
EXPONENTIAL WEIGHTING OF QUANTIZATION STEPS y — klog. (1 + x)
Program: B/E {enter|*[ 11" + Hog{®! (173580 w 4417161 - tvac x lvar} (201 C/CE

- _ ' o
Execution: |x ﬂ}LE{:Jﬁf EXeC|

RANGE DETERMINATHION F'OR PULSE RADAR SYSTEM

R Pea Ar }ﬁ Fe == effective radiated power
|6~ Pr Fr = power received back
AL o = suriace area of object
Ar = surface area of aenal

Program:  B{L jenterfvar x [var] x [var=[¥1316]3|2]%| = 14]2]3}% = |\ x|\ x{var| {22} C/CE

Exccution: | FPeexecls EHEL‘% Ay Eﬁ:ﬂu% £ E:-:E{:] Z1A



RADIATION AND PROPAGATION

FREQUENCY TO ANGULAR VELOCITY
W o= 2rf
Program: R/E [enter(®{7| 1O x [$11:113%12- |var| [14] C/CE

Fxecution: 1}"*"‘-?1513!

ANOULAR VLLOCHTTY 1O FREQUENCY

W

o=

Program: B/l [E]'I'[EI]"E?E i [ﬂi’

= [SHHHAP x fvar] [14] C/CE

Execution: | ﬁ}{EC1

CHARACTLRISTICiIMPLEDANCES

2
SINGLE LINE ABOVE EARTH PLANE 7, — 138 1oxn —

Propram: B/E Efzziif:rlillzl’ixlx;ziril s Alogl® 13182 x fvar} {15] C/CE
Execution: |f exec|r exec]

3

BALANCED 2 WIRE LINE SEPERATION s 7, — 276 log—

Program: B(E [enter|var]=|log;®|2{7|6[*| x lvar| [}1] C/CE

Executton: %3 execlr exec

SKIN EFFECT
RATIO OF AC TO DC RESISTANCE OF SCGILID CYLINDRICAL WIRE

8w |
X = NJIF}% o 1.585 = 10~° w_!h;—;: K = D resisiance of 1ep: of wire

Program: BJE fenter{var] x jvar] +{/xistajenter||7|*enter] ~ [antilog$[ 1ISI8[5]* x [ret
|« var] [24]  C/CE

Execution:  |uesec|fexec

R exec



MAGNITUDE AND PHASE ANGLE OF IMPEDANCE

N e a4

z} = JR* + X°(1) ¢ = ﬂ"’:m”(f} (i1

Program: BJE lenter| x |stolenter|varlenter} x jrel 41,/ x]var

11} CJCF

Execution: |RexeciXexec| (i)

Program: RB/E Iﬂnt:’:rivari—Z-E_ar{:lanlvari 3] C/CE

Execution: X exec;Rexec| (i)

AERIES RESONANT CIRCUIT

RESONANT FREQUENCY o '
/L

Program: BJE |enter|var]x|./x[*|7|1}0{] > [¢{t{}|3]*| =-| = |var| {18} C/CE

e e wi, — Iiwe
fﬂ*fFEﬂANfEiz[ xfﬂl + {wf. — I;’m:_}z phase angle ¢ = arctan TR

R

o forer (WL — i\'
| H-{'J

Provram: BE (471100 x 1) J3P]  stofenter]var| x| & [x-mrenter]var] x fre ~ [var] (24

Execution: |f enter execiC exec! L exec! CiCE
2l L
Q —
24

Program:  RIE

enter{var| x tvart = [*|7|1|0*] x [$]111]3]*] = var| [18] C/CE

Exccution: | fexecil exec|Rexec!



ELECTROSTATICS AND ELECTROMAGNETICS

CLECTROSTATICS

FILLD STRENGTH DUETO POINT CHARGE E = 2 " ;
LEr

Program: B/E lenter] x | |var] x jvar|=[¢|1[4[2]0P] - # 1] U3 x var] [21] C/CE

Execution: |r execlg exec|s exec]

SELF POTENTIAl. OF CHARGED SPHFRE RADIUS v= _4

A

Program: B/E ]Enrf:r‘wirl---}n]vari«}Hiidlﬁ]ﬂ%"]—j-ﬂi[i]ji’] }r:iﬁ.far} |19} C/CL

Execution: g execly exec|s exec]

POTENTIAL OF CHARGED CYLINDER RADIUS V= _% (E}

2E

i

r = distance to ground pomg
varj={log} — bvar] x bvar]-2 1419]9/%] > |*]2]7[0f*] : ivar| {201 CJCE

Exceution: o cxecls execly execle exec|

Program: RB(E {Enh:r

CAPACITANCE OGS UNITS

PARALLEL PLATE CAPACITOR C = (88472 Lr? ni . A
{

= ddialeciriec consiani

Program: B/L [enterivar]x jvar] = Istojenter{®|5)[enter| — |antilog|¢]3]8]412]%] x |rellx fvar]

(231 C/CE

Fxecution: ik E‘HEE‘A EEE{:‘{E’EZ{ECi

LONG PARALLEL S5TRIFS ( o1l

= i pFicm seperation « much gregter
log, nded ,
thair width w

Program: B/E [enter'var] —|*4{* x [iog

— (#1200 x (¢ F OO = [vary [23] C/CE

Fxecutiom s ]r,f e:-:ec[ " E:EZE.*-EL‘

23



CONCENTRIC SPHERES C = 0.530 i'-r'll--ﬁ-r-zfﬁ Pis
ifa— & 1
4. — outer giam. of inside sphere
d, = innerdiam. of ourside sphere

Program: BfE [stofenter{vari=-¢[1]*] — | ={rel| x [var] x {var| {14} C/CE

Execution: |4, execld execlk »x 0.536 exec,

INDUCTANCE C.G.8. UNITS

LOW FREQUENCY INDUCTANCE OQF CONCENTRIC CABLE
.= Q383 log,,ror, -0 G043 pHimetre

Program:  BJE fenter|var]-: Hog|*|3]8]3*] < [€l4]1]*] - |]1{0j0J0}*] o-jvari {23} C/CE

Execution: [r; exec|r, exec

INDUCTANCE GF A4 VERY LONG THIN COIL o= 001256 nﬂ i Ff
{
Provram . Bik Itﬂlﬂl’i * iﬁtuiﬁn{m']ii5;’|ﬁﬂiﬁ*rl—~ !ﬂﬂiifﬂgéil ] ;2;5%]’; X *.fafl p '[\.far -%-II‘CI} ya |va£]
[24]CICE

Fxecufinon: Eﬂ E}{E{ZéA th:EEf E}LL‘{Il
HE INDIUCTANCE OF STRAGHT ROUND WFIRE OF NON MAGNETIC MATERIAL
ef

L == ﬂ[}E(EJ fog f — l)pH{n’ﬂflrE

Program: B/E [¢}4]] x [var]-={log[¢]4]6]’] > [#]2{0P] — |%:1|0[0P| -+ |var; [24} C/CE

Execution: |/ enter execld exec]

INDUCTANCE OF SINGLE LAYER SOLENOID L. ~

Program: B/E jenterl®|9?] x |stolenterjvarlenter|*| 101 x [rel) + |x—milenterivar] x § x|
rell—lvar] [24] C/CE

Execution: rexeci{exechn x 0698 exec] 23A



ELECFROSTATICS AND ELECTROMAGNETICS

VIAGNETOSTATHCS (Rationaiized units)
TURNING MOMENT ON COIL OF AREA A CARRYING CURRENT |

T = BfAdsint

Program: B/E (sinfvar] x [var| x |var| x |var| (8] C/CE

CACEULION EH t::-;t*t:{ﬁ ﬂxcc[fc};cc%r&' EREE‘

MAGNETIC POTENTIAL AT DISTANCE R ANGLE @ FROM CURRENY LOOP

[A cos A
N e I T
G e

Program: BfL |cos

var} x |var] x stofentervarfenter] x |-+ Ircl] x 17} x [¢|8]8]% -~ {var| {23]

Bxeeution: [ exec]d exec|] exec;r exec! C/CE

INCREMENTAL ELEMENTOQF FIELID DUETQ INCREMENTAYL LENGFH OF
CURRENT CARRYING CONDUCTOR

iof sin &
- ——

oH =

Ay

Program: B/E |sinjvar| x {var] x |stojenter|var| x [enter

< fre o 7P € 8 8% = o] 123

Execuiion: iﬁ E::-c.ﬂf:lf ﬂxﬁtiﬁl ﬁ:ﬁ:cir E;{EE[ C/CL

FIELD A CENTRE SQUARE COIL SIDFE |

~J
o 2./21
% ¥

Program: B/E |enter|var| =] x 1°11{8[4[* x [¢]2]2{7{?] - j/xlvar] [18]} C/CE

Exccution - ]f E}LEElL exec‘

24



FIELD AT POINT ON AXIS QF CIRCULAR COH. SUBTENTING ANGLE a2 70 RIM

Program: B/E [sin{stojrcl| x [rcl] x lvar] x lvar| = [*[2{?] =lvar} 151 CICE

Execution: E.:x e:-{ec]f exec‘ E E.!‘{EJ.’:I

FIELD AN AXIS OF SINGLE LAYER SOLENGID SUBTENDING ANGLES « AND b
O EITHER EN])

-
H = (COs i —COS o)

ol
a
L o]

Program: B/Ejcosistolentec|varfcosirelf~ [var] x [var| x {¥[2{*]-+-|var| {16} C/CE

Execution |a execiff exect/ exec|7 exec]

ELECTRIC FLUX REFRACTION

£
L Erc:tan[ianﬁz v JJ

&2
e

Program: B/E [stolcos|x—msin|rcl| +{var] x [var|-=-larctanlvar| [12] C/CE

Execution ; IHE eXeC|; EXECiE, CREC]

24A



ELECTROSTATICS AND ELECTROMAGNETECS

FEEECTRON DYNAMICS

CORRECTED VELOCITY OF AN ELECTRON CORRESPONBING TO A
POTENTIAL £

Ml ) 184 % (07O
FrL

Program: B(E |sto|enter*|8]|enter| — [antilog[®[1[941] x [ret] x {1 %] +Ivar| [21] C/CE

Execution: IEE}LEC_

CORRECT VELOCITY OF AN ELECTRON CORRESPUONDING TO 4 POTENTIAL £

1 SR e

~ = JI=(1 + 194 x [070F)

1,

Program: BJE lenter]--|antilog[*{[9{4{% x

varl s [P P | = [vas] 124

Executian: IB ﬂ}:ﬂﬂlfe};ﬁcl C/ L

VELOCITY (F AN TON CORRESPONIDING TO A POTENTIAL £

; TS5
— = _ Hijm, = i —
. ejeciron mass
poes 5-97 % 107 .
minie CHArge

o=
electron chatge

Program: B/E |enterjvar| x |var| =i, /x{stofenter[¢|5|*lenterjantilog|¥]5[9]7|%| x !
el [vart 221 C/CE

Execution: {Fexee|n excelnijm, exec



SLECTRON IN UNIFORM MAGNETIC FIELD

RADIUS OF CIRCULAR PATH r =""J;*ff'?:

Program: B/E |enter],/xlvar| = {*[31317P1 < |*|1|010 ) = |var| {t7] CiCE

Cxecution LE E}LECEH E:-a:ﬂ*:[

- o
PERIOD T — 2227 ; 1

Program: B/E [stolenter|¢9|Menter] — lantilog|®|3{5|5]®] x {rcl]-=|var] {17} C/CE

Execution [H Exec[

313?1;%. t-;inﬂ
E

RADIUS OF HELICAL PATH r =

Program: B/E E\ﬁjgvar]+[‘&;Lultn!‘.ﬁr|va|‘gfnttr[5in!r{:1a::{[‘13!3!?!’[}{i‘iilﬂiﬂm—i-har} {23} C/CE

Execution: |Eexec| B exec|l exec

s RN
PITCH OF HELICAL PATH p = —h2n/Lcost

B

Program: B/E |./x|var|=[stofenterfvarfenterfeos]rel] x 2] 12 < ($1110P]-: lvar! {22] C/CE

r - I !
Exscution:  |£exec! B execl) exec!



LLECTRICAL MACHINES

DC MACHINES

Notation G - effeetive lux/pole 7 number of poles
z number of conductors 2, parallet paths through armarure
7 speed, Tev)s ! Armatire Cureent

£ AMF F. = o z.n £
o

Program: B/E lenterjvar] x jvar| x jvar] x jvarj-=|var) [10] C/CF

Execution: | execjz execin exec|p execla exec

GROSS TORQUE = = «

Program:  B/E lenter|varl x bvar] - [$1H31 x 17110 —tvar| [t8] C/CE

Execution: [F£execli, execln exec]

ARMATURE REACTION = j’ﬂ ampere turns{pole
2na

Program: B/ 1Eﬂterivar1H|‘|E]’I—ervar!f"}~ivar]—‘,-lv&r [12] C/CE
Execulion: [zexec|f, exec|p execla exec!
INDUCTION MOTORS
SYNCHRONOUS SPEED — I J; = supply f"‘*q“‘?”ﬂ?'
n p — number of pairs ol poles
Sip = T oo A, - TOLOC speed
H n, — synch. speed

Program: B/E Ientﬂ]ﬂtt}] 3- [varﬁ—%rc1}+ﬁvarj %1 C/CE

Execution: ln: E;t:tc.lr:-*l c:r;{:f;! 26



ROTOR FREQUENCY = (#, —n,)p

*rogram: BiE |enterivar

- [?Eu'| w jvar| 6] C/CE

Fxecuiion: gf;l execis, execp E-“?Ef;

Program:  B/E jeater{ x Isto] + [varfenterfvar] x | x [rel] + |/ xfvar]-- |var| = |+ {var] [I18] C/CE

Exceution: |R; execiX; exec|Sexce

S exce| £, cxec]

R; === rotor resistance/ phass
X, == rotoreguivalent reactance per phase at standstill.
7, = nduced eml per phase at standstill.

TRANSFORMERS
E. - EIIE (i) s == PrImary
) 1, , == secondary
£o== emfi.
i == T
I, = L, i ! UV TeTit
- o TuIrns
Program: B/E it}ntcrfvar[ X Evari% var| (6] C/CE

Execution: £ exec|n, exec|n, exec| (i)

11’1 :E::-f.ﬂc]nl Eﬁtﬁiﬂl {imfci {ii}
POWER ACTOR

Power == ¥{cosd  stngle phase (1)

- 3 FIcosd per phase, 3 phase (i1)

Program+ (1} B/E [enter{um

var%x!uﬁr{}rz %varE 7l C/CE
(if) B/E (enterlcosivar! x lvar! x {sto] + %31 fenter! /x[rel] x [var] [16] C/CE
Execution: (i} fr;f;r E:{cc‘ﬁfc}:cc]fc:-:cci

(11} ich ﬂxut‘iﬂ'&:xuc!f exec

26A



MECHANICS

PARALLELOGRAM LAW FOR FORCES

R= P4 QE -+ 2P oSy
Program: B(E{cos) ®|2|% x]var|sto| x| var] x} x - m| enter| x| rclj +{ sto| enter | var|

| éent&r% ?:{I n’:’.l‘-l“!wf;:ivar‘ 1241 C/CE
Execution: 3__:-: execiF EJ-:.E{:%Q E:IE:GtQ E:-:-::E:I

FOR x = 807

R P4 OF
Program: B/E lenter| x [sto| + [varjenter] x |relf + 1 /x|var] [11] C/CE

Fxecuflon: F ﬂ?{EE|Q t:?;m:[

STATICS [N 3 DIMENSIONS
R=VRZ4 R+ R

Program: B/E lenter

x [sto} + |varlenter] x jrclf + |sto| + jvarjenter} x [rcl| + | /x|var] [18] C/CE

Execution: |Rx exec|{Ry exec| Rz exeel

DYNAMICS
dy\*\3/2
RADIUS OF CURVATURE =1 + (=
ax*

Program: B/E |en£erlH|‘[1l’{+|lng|‘§3[’[}{[“]Elﬂ-—:—-]antilﬂg]var‘—;|vari [19] C/CE

dy %y |

Execution: Eﬂtu[ 72 CXEC;
L

27



RELATAVISTIC EFFECTS

Tl o= IMAsS
, e e— 1 = Festimass
MASS CHANGE m = / (L’ . 1. ’ ]‘I::ld*a
[—f - ) ¥ = veiouily
N ¥

¢ = velocity of ligh:
Program: BJE !ﬂﬂtﬂf]ﬁi!‘f%'}{’—}ifiiﬂr—]—i.\/ﬂﬂtﬂ} +[varjenter|ret|--lvar] [17] C/CE

Execution; [u E:{EE:‘E L::-:Ecimﬂ E::-:En::]

EQUIVALENT OF MASS —ENERGY
E == me®
Program: B/E ﬁtntar] P _{vﬁrl X Ivarj [5} CiCE

Execution: le execim exec|

FREQUENCY, ANGULAR VELOCITY, WAVELENGTH

W f = frequency Hz
Y 2w w = angular velocity rad;s
Program: BfE |enter|¢|1]{1{3{] x 1$171110:* —ivar| {14] C/CE

Execution : fw exec]

"
I

veloclty light

c
f=7 1 = wavelength

Program: B/E f&nieri'var]+fvﬂr| 4] C/CE

Execution: |c exﬂc[ﬂ, exec|



MECHANICS

FORCES IN COORDINATE SYSTEMS
RECTANGULAR CARTESIAN COORDINATES

F FHIX (1

Fy " Y {11

f == 1k {11}

Program: B/E [enter|var] x [var| {4] C/CE

Execution: {1} | execiX exec|
1] gm ExEﬂir_]?’ EJ{E‘E‘:;
i) 71 exec|Z exec|

CYLINDRICAL COCORDINATES

(1) Fr =y —Ff"%)
(1) Fy = m{rl + 270)
(i) Foo=mz:
(1) Program: B/E lenter] » varl s §—bvar} + var) » fvar} {10} CJCE

Exccution: |4 EKEL‘EP‘ execir exﬂclm exec|

{1i) Program: B/E lenterjvar| x |sto] + [varjenter|var] x [%12{%| x [rcl| 4 fvar] x ]uar[ 18]
Exceution: {rexecld exec] Fexec| execim exec CiCk
(1)) Program: BfE |enterfvar|x [var| {4] C/CE

1
h

Execution: [» exec|z exec



TANGENTIAL AND NORMAL COMPONENTS
. oS o
= o \
varl—|—[var{ [8] C/CE

Execution* !j E:{EE1IH exec] R E.‘-:E{:\

Program: B/E |enter|x |var] x

R =radhus of
QT Wi Ly g

;r"_; - jj‘?:l;'.

Program: BfE lenter{var] x fvar] (4] C/CE

Execution: | 7 exXec [ ¢ t::s;t:t‘:{

SCALAR PRODUCT
(7. &) = {aad + a5+ aky (b4 b7+ b:K)
= ah, + b, + aabs
Program: B/E [enter{var| x isto] +|var|enter|var| x [rcl| + [sto] + [var{enterfvar| x [rel] + |var| {20]

: 7 ‘ CICE
Execplion: ]Hl EEEEIJLJI ﬁIEEf:’TE EJiE‘:E.If‘JE EEE{:[HJ Ej{ﬁ;_‘_‘ih:i E:J{E{:_:r .

ENERGY IN A GRAVITATIONAL FIELD
KINETIC ENERGY — L v
Program: B/E lenter) x [var| x {${2{?) -+ jvar| [9] CICE

Execution: [u ::x-:n:E;:*r eXeC]

POTENTIAL ENERG Y = mehr
Program: B/E if:mer‘vari % [‘[Q’Sill’] % l‘] ] |(]E;jj!!.+_

var! [16} C/CE
Execuiion: [m exec|h E}LE{:[

28A



MECHANICS
MOTION DULR TO VARIOUS FORCE FIELDS

SIMPLE HARMONIC MOTION_—SIMPLE PENDULUAY

SPRINGIMASS
Period T = Eﬂ\f{-;— i
‘m
i=2r |
,J 7 (i)
Program: B/E [tnlcr[varl+§,fﬂ‘[?[iLﬂ[’\}q €1111131% —ivar| [17] CICE
Execution: (1) | exec|9.81 exec:
{i1) 11 execlk exec|

CONICAL PENDULUM

Program: BfE lenterlcosivar] x [var]—|/x{*{7{110*] x [#{H{1]|3{?| = |var| [20]

inxecution: [f:r: E:RE-:E? ﬂxcclg.ﬂl c:-.'.t":.i:[ CiCE
COMPCOUND PENDULUM | '
k. ko = Radiusof gyrationabout U B
7= r};—j F* == dist, from O to centre of gravity g X r”ﬁ"at o)
g = acceleration doe to gravity i
Program:  BJE |enter|var) x |/ vjvar|-+{=[¢]7 0P| < [¢|1]1]3]*| = |var| [20] LE
Executton: |rexee|9.81 excelk, exed] C/CE

EQUIVALENT LENGTH OF SIMPLE PENDULUM OF SAME PERIOD AS ABOVE
ﬁ, :E

[ ——

.
Program: B/E lenter| x [var] - |vari [5] C/CE

Fxecution : Iﬁ:ﬂ exec)r” e:-:er:| 29



VOMENTS OF INERTIA THEOREMS
PARALLEYL AXES THEORELM
fomm o -+ R- CG = cenire gravity

. R = dist_ from A to CG
Program: Bk ]E:nf.':r]}:]vaﬂﬁ tvari-i-]var} (7] C/CE

Fxccution: |Rexechm execjiqg exec,

PERPENDICULAR AXES THEOREM
loe = do + 1.
Program: B/E lenterjvart+jvar] 4] C{CE

Execution: i!.:,_... f’:xﬂEEf{J: EEE’::I

MOMENTOFINERTIA = mic™ M o== ass

_ - A = radiusof pyration
Program: B/E lenter|x ivar[ X Ivﬂr[ 15| CfCE

Fxecuytion: Eﬁf E:«:EE[H? E:EEC[

WORK EQUATION

wmm g Wt 4 A
fr = maoment of ineriia about CG

W= angular velocity
A = mass
r = veloeiy
Program: B/E |enter| x |var]x [*12]| = sto] + [varjenter| x lvar| x ¥]2[¥ —{rcl] + jvar] {22]

- : C/CE
txecution: |w execi/g execlrexec|A7 exec| |

29 A



MECHANICS

PROJECTILE MOTION -
& Ve = initial vElGET
X T ypcos8¢

Program: BJE lenterfcosjvar) X [var} x Jvar| [7] C/CE

Exccution: |8 exec|r, exec!, exec]

ax

Ve = TS cos = constaint r, = yelocity tn v —direction
Prograin: B/E jenter{cos|var| x jvar} 5} C/CE

Fxecution: |8 exec|v, exec|

vy o= —dgtt + g, sin Or

Program: B/E |enter|sto|+ |varlenter|sin|var] x fretf x e —ml +] 5 [$2[*-+{ — lvar] x [re] +

| Ivurl {23} C/CE
Execution: f execlBexcec)y, exec|g exec|

(ay

v, = T = v 8inf—gf
vy o i

Program: B/E |enter{sinjvar| x sto| + |var]enterjvar] x | —{rcll +|var| {14} C/CE

Execution: |f) exceju, exec|r execlg exec|

. i
X
I = —%g ——— _':— Ilﬁnﬁ
’ 1 LOSH

Program: B/E |enter|stojcos|x — misin|rcl| - fvar] x |x—m + jvar] % [varj-= =] x fvar| x f—|

rel] + fvar| [23] C/CE
Execution: |0 exec]y exec|n, exec|x extc‘% EXEC



PLANETARY MOTION

KEPLERS 1st LAW—orhit is an ellipse with sun at one of the foc

————- e — Bane
F= P — b\;’l - EE (‘ e 1\
e —— et v
| + ecosf | + goosé } ! . - -
. ' SuT f‘ "
= _h_u_....__bh _ Nl i
(i} ;
a(1 + ecosb) -%
Program: (i) B/E |enter|sta] +|varjcos|rel] x {$1IP 4 | v —nr) + ] = | — var 4+ [/ xire =

[uar\ < {var] [23] C/CE

By eCution ; [E' ET{EE[{I} EEEC' [ EEEC[I} E}LE‘C[

Program: (i)  B/E lenter|cos|var| x [¥]i "] + [vari x |sto] + jvarienter] x

i'Ct

L ivar] 18]
C/CE
Execution: !9 EIEE’]E’ Execia Execlb E}:EEI

INVERSE SOQUARLE EAW —Newtons Law of Umiversal Gravilation

47

Fo = Radialforce = —4x° T3 2

I

1__:

Program:  B/E |eater|var] x [var] x [sto] + |varlemer] x jrel|—|=|varj [14] C/CE

Exceution: |G exec|n, execim; exec|r cxec!

30A



MECHANICS

S LECTRON DY NABMICS
VELOQCITY OF AN ACCEILERATED FLECTRON {or particle}

¥ = \JE-.,ili{ Yoo
¢ = charge
i TEIAAS
4 - anode
C == carhod:
Program: B/E [enter|var|-- ¥ x |[var] x [var|--]/x|var| {13} C/CE
Execution: {§, exec| ¥ exec|e excepim exee|
EEECTION IN A CATHOM RAY ({181
T ¢ - . ¢hiarge
tan 8 = niv™ E = electric ficld
¢ velpgity v — direction

Program: B/E |enter] x |vur enter

% ‘smf e jvzu'

\;'.:11‘;: % |varg X ircI[+§var| 15y /L

. b = -I.q "= '-IF
Execution: 11' ﬂlELlH? 'f:]"-it:f-..i{' ﬂIELiE f:}"'iEL'i}'r E.‘-‘LEEI

3 R W

i .

_ h eEl /]
Deflection af screen o — -,( —+ £

Program: B/E {enter} x| = jvar{-

VATl M Ivﬂr‘ w

vaa|  fto] + [varfenter 2| fvar}+ rel] x|

var| {241 C/CE

Execution: |vexechnr excele exec] £ execl/ exee|/ exec|L exec]

31



ESCAPE VELOOITY

U
2 R*
YV . ‘-
oo
o qeen. due to gravity
K = wplanet radiys
Foo== orbrt radius

Var| X E‘[EE’I ® I\/:E[vuri 112 €/l

P fnu‘i-';-

Progeam: B/ enter

Execution: |Rexec|r, execjg execl

DOPPLER EFFECT O = observer
(i) () > § 3 SOUFCE
S stationary I - dreguency
[ ¢ ey [ = ohserved frequency
N SRS
Io= ( 2 ) ¢ == welooitv of wave
e == observer velocrty
Program: BJ/E !;Eni[:rfuari—:—!‘!ii’fw{-rvarj}-:jvar' {10y CHCL
Execution: ii_':ﬂﬂ EIE‘L‘I{‘ {::::E-:éfﬁxﬂf:[
(11} @ stabionary
o
e
J R et 1 v, = source velocity
L— V. / '
Program: B/E jenter|var|-—{-|*{1?| +-1=1varjxivar| {12] C/CE
Execution: ';L‘-,L. E.‘&E{T’E{‘ EE{EC;fEI!:i:E
2 — 35
5§ = {0

Proagram: B/E EEHE&F!S[D]+[*J211" —l-x'—fiij+ wu'gni-in:i]{-‘var[ pd ?"»’!dt" (14} /O

Execution: lcexec|r, execlr, exec] f exec! 1A




YIECHANICS

MIRRORS AND LENA — e = e

¢ y j
1 = focallieng::
i = object dist.

== mace dist.

1

J=7
— _t_ —
I T

Prosram: BjE %nter!%ﬁsmﬁ-~;—|var[antﬁrg+§rcli+i+1var% 1Y CHOCE

Execution:  fu E:a:e:n:§ b EXDC

i 5

- 4

o

]
SUM OF 2 LENSES IN SERIES ol

Program: B/E [enterf=Isto| + varlenter]=rel] +|={varf [11] C/CE

xecution: }j'i ﬁxﬁc[_}"j f::-;e::]

e

o



VELOCITY OF SCUND

I a sold a, = -

UG
(11} i A HQG R, =

NP
U 3P
113} In A gas d, = [2=

VP
(V) (i, = w“;"&RT
E = Youngs modualus
p == density
K — bulk modulus
+ = ratlo specific heats
F = pressure
T = absolutetemperature
£ = universal eas constant
Program: (v (i) BJE |enterjvar]=-|/xivar] [3] C/CE
Execution:  f1) }Ee:-:ﬂa:[p EHE{:E

() | K exec]p execl

Program: (111) B/E |enterjvar|x [varl =]/ x|var] [7] C/CE
Execution: l}’ ::.*-:ﬂ;:i',ﬂ E?L{:L“IP ﬂRE{:E
Program: (1v) B/E |enter|var| x |var| x |/ xlvar] {7} C/ICE
Execulion: h, ::xf.:r.:| R c};{:c%TExcE‘.}

el



STRUCTURES
SEAM DEFLECTION EQUATIONS—ELASTIC ANALYSIS

P :
v r- M; ::"%%—_-' ' -
END SLOpE = 5 =
El T
_l,.-i-;l.- —— p—— e o e ———— ;|M
AT
crogram:  B/E [emar[vﬁr[;ﬁfvarf---‘.—-lvar - var[ 18] C/CE ::51
Exccution: (M fHﬂLTl;EF{EErEt‘:}:EIEE / c:}a-::n:]
, 5 M
ENDY DEFFECTION u—.ji:—f

Program: B/ lenter| x [var] % iuarlﬁl—gvm!—j{‘12?!—1]1%1"[ tE3] O/CE

Fxceution: [/ exce|Ad ExeciEexeclf’ﬂxﬂ{:I

P
FND SLOPE = 20

~E1

Progrant. BfE ]f:ﬂ{s::rf % Ivﬂi‘] % ],F._Eir]_;_,lvﬂri+§£i2|5i§__._ivﬂr] 1131 C/CE
Exocntion: fa" exe&] i E}{E{:]Etxecgﬁ' exe-:j"
Wi

END DEMEECTION — T
-

var] x {var;—{var] = [$[3P|—1var| [17] C/CE

Program: B/E |enter]sto]+]| x [rel] x

Execution: (fexec| I exectE excellexce| [17] C/CE

72
END SLOPE = 7

Program: B/LE 'rr:.mcr{;{]lvar]:.w:hur[i-:-1?&1’\-—‘,--!‘16{’{%—{&-’&:‘\ t13] CiCE
Execution: [/exec| exec| £ exec|f exec|

s
RE

FND DEFLECTION =

Program: B/E lenter|stoi+}x fru::l] > |var| % ]var]+h‘ar}+!‘]8"|—:

(17} CICE

Wetd

Execution: |/ E.‘r:Er:.[ W execlE E:-'-::ci:}f E.‘#:E*Uj 33



. e E ;
END SEOPE ZIEET ; - h ’

Proeram: B/E Lﬂntﬂ:fi! % lvarl ® lvar +]var}+ i‘EI !ﬁl’!—‘,-%varl [14] C/CE

Execution:  |{exec: W exectFexeci/ exec!

CENTRAL DEFLECTION

TUE
48E]

Program: B/E [enter|sto] +|» jreh x fvar] x ivarf - lvar| < *|4{&[*| = |var] [18] C/CE

Execution - Uﬂxet:_! M s:xt:u\Et:;;ﬁE;'f F;:-:Ec]

W
T.-‘_P’F e i T T o Y e e . o o
END SLOPE = "°__ % S5 —;}f‘
24E1

Program: |enter; X pvar] x pvarl—=var|—[#1214P1 - Lear} 114} C/CE

Execufion : f:’ﬂxeciﬁf’ﬁﬁ:ﬂﬂgﬂ"ﬂxﬁﬂ[f li'.ﬁit';'if.']’

- . 3
CENTRAL DEFLECTION =2
384k

Program: BfE |enterfstof + | x [rci{ x Jvar| x [4[5{* x fvar]=[varf-= #3814 = lvar| {23] C/CE

Execution: [/exec| W execlE execif exec



STRUCTURES

FIXEDENDMOMENTS DURTO LOAD W — A . R —
| L .
2 _ | "
1 o _ .:.r-_".:l,:; | ;ﬁ
M., = ___?E‘ 4 (1) A ﬁ ¢ — r—— H}f_;;_ E
E 7
ik aAra Mes e
Wab 5 7 Z
MM} = (Li) % 7
[* f’f;}j /E{

Program: B/E jenter] ::{[v&f?:-:%var!axésto}-}-]var]ﬁnter}}{]rr:}f{--if!:“varj 151 CJCE

Execution: (i) b exec| — W execla exec|fexec
Fxecution:  (i1) cexec] W exec{b execld exec
W ‘
Mea = —— (i}
W .
Megp = 4 — (1)

Program: B/E |enter]warﬁ < |818* = lvar| [8} C/CE
| Wexec] — ! exec|

{1)
(1)

EFxecution:

Lxecution: ‘ H"f:xt:{:]fﬁxﬁﬁ]

CENTRAL DEFLECTION — WI?[192 E]

Program: B/ lEﬂlEF|Etﬂ{|—1—1 :ni’lfrﬂis Pt ’var]*x i‘[!]‘}[E[’]+]vﬂri+]'vﬂr!-i—%var§ [1€1 C/CE

Exccution: {{execi} exec|f exec|f exee,

Hf

Mpa = — —
12

Wi

FB - 12

Program: B/E {enterjvar|x [¥]I[2]?|+ var| [9] C/CE
(i)
(i)

E

Exccourion: Wexeel — f exec
; a

[H"cxﬁcgf’excc

34



i f ;i

24 EF

LENTRAL DEFLECTION =

Program: BJE lenteristo]+} x |rel] x fvar] x jvar{-=lvar|=-1%3]8]4[* = ]var] {19] C/CE

Fxecution: Efexeci b EEEE‘EEIEEFIEHEEI

EFFFECTOF END ROTATION OR THSPLACEMENT

END SLOPE -

EERN |

Program: B/E |enter{var|x [var|.:-var]<-[§13[* —|var| [12] C/CE

Exccution: l.-‘lf cxccf:’ E}{EE;E cx::c:-li C.“L{:{:]

A%
Mo, = —
END SLOPED = L
it
Program: B/E [enterlvar|x |var] : jvar|=[#14[*| = lvar| {12} C/CE
Execution: |M exec|/ exec|£ exec|f exec!
Gllo . |
hi__.r:;f = }j:" I:' {” jﬁ fixeac EFH ‘l;
}f_’, Er __#,.:—-E:_—’:_—’:":_ﬂ;i e
AR g
My, = + i) e |

Program: B/E jf:ntf:r] X [EIGI +|x*ai[-ﬂnter§1-'ﬂr! % Evm" X ]ﬁlﬁi?‘ > \n’:i| --i-‘var[ 17 C/CE

Fxecution: [/ exec:E exec|/ exec|s cxec]

34A



STRUCTURES
STRULS

iangd onds
A .

}:5

ﬁz -1 fir | -
P{.‘rff.: FH.IFT-FFAI f{':'.rii ﬂ — IL—E. P"@' qk”f) +

Program: B/E [enter|x jvar| = var] =|=|%2}2]71% x |*|2{3*| = [var| [19] C/CE

Execution: execif exee|/ exec]

Tixedends

7

/

,  _ wld P -_
Perir= g : %
(/,2) /

Provram: IB/E 1&11]EE1‘|HE2]5[ . l‘f fvurf I "ﬁlr] g i ! ]‘JEIEITIE‘ :~¢:|‘\E\3|"j-—:--]uﬁar

123} C/CE

Execution : ifaxec]EExcﬁgftxﬂci

o
pimned frxed ond|-s

_ T EI P gt -t
Iy ol F S .r-l;a" b .
(07

Program: BfE |enterivar| x| x |var[—

var| === 181202, 7% x [#|2]3]2 —|var| |21] C/CE

Fxceution: i exec|0.7 exec] £ execif exce!

, T o P ,»"r:; Fixed and

=l 7

ot (J E}H i free and =P
Program:  B/E jenter|®|2[* « | x |var| =[var{=|-=[]212| 78]« |%]2]3{®! - |var| [23] C/CE

Fxecution: {fexeciE execi/ exec >



sLASTHCO BENIDING & TORSION FORMULAFE

5 i | A
- T T =T SO BENINNG ABOUT PRINCIPAL AXIN
5 .
{ = shear siress
7 mm SIress r © P
¥y o= dist. from axis = rigidity mod
A = Bending moment f = turmngangle
£ = Aom. o inertig £, == lenoth of shatry
£ = Youngs mod. I = torque
K = radius of curvature J = polarmom. of inertia
T (v

. L _ T for elasiie torsion of a4 round shinf
J_

ELASTICSTRAIN ENERGY

2

IN (1) TENSION - 7
F

(i) TORSION = ’r{

Progiam: B/E '[Emt:r|::n:iw:irl--:-—1“2"}%]vﬂrf 91 C/CE

Execution: (i) o exec] F exec

{11} T a:-:::::iﬂ CXEC)

TORMONOF THINWALTEDTIUIBE

I = wall thickness
H .
7 fwist flenpth
£ 3
FTOROUE =) [ Tari

Program: B/L |!S’f£‘:]=t*:l‘ih'~:r£ P irf:ﬂ 4 ifuarf i [i.far'f > fvﬂri ¥ f‘]?’] I;[}J" b i‘l | I i’ ?Ef’!wﬂvﬂrf (247 C/CE

Execution: |r execjt execiG exec] — exec
"L 35A



STRUCTURES

i

iﬁfi}:’rfPLEkr STRESSESN r | m:q_ j-,.aﬂ —
\TE T
Gy = O, + .+ a,—0,008 20
L 2 +
oy

Program: BfE |stofgos] X} var| X{x — m|sin] X|var} X|rcl] +{ var| |13] C/CE

Execution: !H ENEC

o, execlo, exec|

CYLINDRICAL PRESSURE VESSEL

LONGITUDINAL STRESS o, = P°

Gt
p e+ pressure inside vessel (gange) asRi.
4 — diameter of vessel — J_. \
t = wall tiuckness ey i ]
oy S

Program: B/E

t
enter|var: x jvar

[9j4f?] : fvar] [10] C/CE

Exccution: |pexec|d exec|r exe]

HOOP STRESS o, = {;‘ff
{

Program: BJE lenter|var x {vari={¢|2[*—lvar| {10} C/CE

Execution: :p exec|d execit exec]

STRAINS DUETOSTRESS o,

. Oy x j
g == S[ress bex = 'E" { TXX
Al /2t .
k£ Youngs rnt::{% B = fan = — XX (i)
Yy = ]Pqissons ratio ' i
Program: (ii) B/E jenter|var| x [var[<] —lvar| [7] C/CE

Ixectitton ; h* E:{EE|G‘H EEEE[EEEEC[ 36



DEGREE OF REDUNDANCY iN TRIUJSSES
a2 PIMENSIONS

Degree of redundancy — D = b + =27

[r = no. of nar:

r = no. of restraints

j = no. 01 )0Ints

Program : B/E |enter|var| + [sto] -+ |varjenter{*21 x | —|ret] 4+ |var] [I5] C/CE

Ixecutlon: if..r E:-;r:cjr f:::a:ﬁc[j ﬂxcﬂf

(b I —DIMENSIONS
D = b+ r—-3

Program: BJE lenter{var|+ [sto| + [var]enter|*]|3{*] x | —~relj+ |var} [13) C/CE

Execuation; lf? ﬂ?{ﬁﬂl!'{:}{ﬂﬂfﬁfﬂﬁﬁf%

g -0
8 = X ¥Yein2l

riy.

Program: BJE lenterjvar|— [*|2{*] - sto] + |var{enter|$121*] x |sin[rcl x {var| {19] C/CE

Execution: o, execia, exec|# exec

T, — T s 26

Program: B/E [enter|*{2[* x [sin]var| x Jvar| [9] C/CE

Fxecution: fﬁ EIECII E:-:Eﬂf ' \¥

tg = —TC0siH e e
Program: B/E 1&n1ari‘]2]"% X ]cns]var[ X ' - lvﬁri (10, CfCE

Fxecution: tﬁ E:-:ﬂ:l'r e:::ef:!

J6A



CENTRES OF GRAVITY & MOMENTS OF INERTIA

L AMINAE E
Rex = ﬁb“ (1} SRS SN
g2 — 1,2 i) . _J ]

12 -
L s -

Program: BfE lenter]x |*[12]®—{var| {7] C/CE

Fxecution: (i) b exec]
]
U” irIL}.EE|
; 2 s o
: Lim g
3 f

Program: B/E lenter|stojsin]rcl} o [var] x [¥]2/® x [#[3|%] - ivar: [16] CJCE

I-xecution l:a: ﬁ:h;ﬂi:]ff f:m:{::!

s

2 Suy Her
;”3 . | 1 =i .-:,J'.')
bax T T T |

4 iy

oy
vitriﬂnteré bt ]‘1[4]” :—'Ttlj b ‘E.xfﬂr% i22]
C/CE

Program: B/E lenter{stojsinlret] =1 —1€111%1 1 Isto] +

Execution: [2zexec|a exec

37



FLLIPSE

AREARA == rah

Program: B/E Ianterlvarli{]EIE]E]i]*}}{}E]I]J]Zﬁ]"]h}a]vﬂr] t16) C/CE

- _ - i L e
overutian s 1 EReein e

1 I
- 1 | .

w = = b (V) /—t\ i
4 : - E. R

> '; /

3 I H‘*—-..____!____,..:"’/ |

Ao, = — i {11) ; ‘

v 3 A

rooram: BB !E‘EHEI‘IH{EH%?E---}--EFETII‘] 171 OSCE
Execution:  {i) b exec
{11} ler E?LEE[

AREA = L h(d, + b))

Program: B/E |enter|var|-+{var|x [$12{*|+{var| [10] C/CE

Execution: [éri execls, E:-z&t::]f? exec] / - Jh....u |
: | ;3 I

i = 1) (bi _bz.}

Program: B/E !n:nb:{'%varﬁHlﬁjﬁi”{--|\r'.';ﬂf{ s8] CICE

| L |

- - I
Fxecutton: ]!:-1 E::{EE%E?E CXEC

Program: B/E [enter] x {*| 18]

*.ﬂ'ﬂr[ [8] C/ICE
Execution: iexed)
"!{,f:rc == E— ';h:rz + by by 4 E}EEJ
I
Program: B/E |enterfsto] +| % x|+ |var] x [rel] + |sto| + fvarjenter] x {rel] 4 [ 1]8]%| = [var!

Execution: ff?l exec|h, e:r;.zciif;l :;-;.;g.;:] (23] C/CE

JTA



CENTRES OF GRAVITY & MOMENTS OF INERTI:

RODS

NOTATION & = position of centre of gravity

L. — radius of gyration about x —axis

Ry

%, — radius of gyration about ¥y — axis

o — — — —
-z

L
7

ki, — O
1

;e | | ;:

L2 . =
I .-l’E

Program: B/E |enter x |®|1|2[°!—lvar] [8] C/CE

Exvecuiion: }f’ cxec|

( S o
(=
’
Program: RB/E lenteristolsinlrel]—{var} x lvar| [8] CJCE

Execution: il.:‘.-: f::-:ccgﬂ {:}m{:j

! h

> . ( S 2&)
Koy = —tia b 1 — sl
L Rl

Program: B/E }ﬁnfﬁﬂﬂm]sm‘—[rc}ﬁf-]‘m’}ﬂﬁtﬂf+}‘+’ﬂrlﬂmﬂr! X (412)7] - freh] % 1[1-‘:”'! (22} C/CE

Execution: §2:.~: exr:r:!a i::r:e:-::f

38



SHELLS OF REVOLUTION

UM UAME = 2ral?

Exccution: |a Giﬂtlf c}mci: exes

™

f.-

ALY Bt

Program: DB/E ]Entcrl H i‘-ﬁi’ll'g 131 C/CH

Execution: |aexec]

o,

g - 1
- — f{;;:_ﬂ + —

_. -
* 2 12

Program: BJE jenter| x [°12]3|={sto] -+ |var|enter| x [*]1[2|* 5 frel{+ [var| [19] C/CE

Fxecution: }a Execlf f::-r{f:U|

38A



CENTRES OF GRAVITY & MOMENTS OF INERTIA

SHELLS OF REVOLUTION

SPHERE
COLEAE - B gt

Program: B/E |enter]x |varl = |]1|4|2|01®| x [€11{1{3P|=|var| {18) CJCE

Executlon; L:I Exec\r E};ccl

R2o= kL — kL — Za? **
3 | /
Program: B/E lenter]x |$|22]x {*13[* =-lvar| {11] C/CE ff:l &
Execution: |oexec, {J [G \ N
SPHERICAL CAP "‘L

VOLUME = 2ra“t{] —cosx)

enter] x {var} x }ref] x sto} -+
\varicos] — fvar| -+ irell x jvar} {24] C/CE

Program: BJ/E jarctan{®|8]?] x jsto}+var

= : iy .|_= . - - . -.] ; ey ™
Execution: [§exerfa exes|rexeciy eaec({ exec]

.
K Py

i _i_.u;t{i —ﬂﬂ:"'r':f} {2 'I' EE}EE]

Program: B/F \Enter‘cnﬂsm‘ + {var|+ | v-pr — [T} 4

1i}‘ﬂ.’:l! P ESID|+|?E=I‘!ETL’[EI‘1:H !E""ﬁfi‘%-irtll'p{ !“”1 (241 C/CE

Exccution: |xexec|2 exec|a exec|3 exec

39



a=(1—=cosy) {5 + cose)

3]

Program: B/E [enterfcos(sto] + jvar] + |x—m| —[¢|11¥ <

:1'5:111 Y éﬂi-ﬁ% + Ivar[EﬂtEﬂ e [\far‘—:—irf:i; % [varf 124] CHCE

Execution:  |aexec|S execla execl 12 exec

. P
0 = EHU + COosE )

Program: B/E lenter|cos[*|1|?| + ivar] x [§|2|*—|var} {13} C/CE

Execution : j::f, E:n;::r.:]-:; exec]

- ————
=]

CONE

F'{}L l{.’]ﬂi’rE == ot {ﬂ-z 4 hl};

Program: B/E {enter| x fsto] + {varfenter] » redl -+ {x fx-m +{x var] s frel]  fvar] x fvar]

Execution: |« execlf excelf exec]3. 1416 exec] [20] CHCE

-

.
Koy = —d

Program: BfFE jenter| x [42i® - {var| [7j C/CE

FExecution; [H EJ{EE[

[ |
it 4 — 0
il I

X
K, =

Program: B/E lenter! x {914} sto] + |varfenter] x [$JU81* —Ircl + [var} [19] CJCE
Execution: {aexeclfi exec]

I9A



CENTRES OF GRAVITY & MOMENTS OF INERTIA

SOLIDS OF REVOLUTION.

5

CYLINDDER

VO UAME - rmatl
Program: B{E fenter]> fvar] > 19;3;5]51% > [¢111113% = Ivarj [17] C/CE
Execution lf_}' cxtckf{:xcc]

> ! *.r
hxt —= :if:-

rogram . BiE i;;t‘:ﬂ‘ii‘l‘l’:r: [‘EE%’EZ—EHEH‘[ 1 CICR
Exccution: jaexce

) | P,

K. = e L Sy L

B al {7}

rogram: BIE lenter]x |*l4}% =isto) + Ivarjenter| % [$11121] = [rel] 4-{var] [19] C/CE
Execution: ]r:: Cx Etif EEEE:'

v

SPHERGH D |

g i, [~ AT
VOLUME = “x ab ° / e N

N

Program: B/E [ﬂﬂt&r{x[varix ﬁi%ﬂiii‘[ﬂ[’[:{é*[iﬁ[}\‘}%’g—; \1-’:31'\ (18] CICE

Execution: |bexecla exec

40



r
" o —"

o

b:-",

——
el

rad b

Program: B/E [enter]x €127« [815P)+dvar] [11] C/CE

1
’

Execution: [b exec|

» I ,
ko = — {@® + b7}
2

Program: B/E [enter|x [stol + |vaclenter] s Irel| + [¢|5]? ¢ ivar] {14] C/CE

Execution: [a exec|h exed

CONE

COLUME = Ynath

Program: B/E lenter|x|var| x |*]3)5]15]%) x }}313]9i% ¢ [var] {17)

-
o

Lv_”

. |
|
Execulion: laexeclh exec C/CFE !.
1 [ I ! N .
1
L= gt
il b ID

Program: B/E lenter! » |%3]% « J#1110]" = lvar] {12} C/CE

Execution: Iﬂ E::-:Eizi

.

Kig = — (de” 4 s

Program: B/E jenter]x Y141* x Isto: + varjenter] x jrc!

183 (681019 -

171 3

var| {231 C/CL

Execution: |« execlh exec)

40CA



CENTRES OF GRAVITY & MOMENTS OF INERTIA

SOLIDSOF REVOLUTION

yy
i
\ i
VOLUME = fi el e

enter| x jrel] x (4[7HI0P] = 13131012 = |var| [18] C/CE

Program: B/E |sto

Exccution - ‘n CXEC]

Program: B/E fenterx 1‘111’13{ l‘[i'i’i%—[vari (11} €/t

- J
Fxecution: g E?{ﬂf:‘

e
*'!*’5;- dia
| 3203

Program:  BfE jenter]x [*{83}% x [‘ISEEH}E’E-{— var] [14} C/CE

: .r
Execution: |qexeg

TOROID—CIRCULAR SECTION

VO OAME = 21 ab?

Crecution: {h f::-;f:c:ir:r EKEL‘E

41



s 3,5
K2, = @b 4 b
4

Program: B/E [enter] x Isto]+ |varlenter| s« |*[31%] x [#|4]*} - rclf + [var] [18]

Execution: |aexecld exec)

i, 3
ﬁ:f._, = — " -+ :-Ff}l
' >

o

Progrum: B/E Jenter] x #1212 |sto] + [var]enter] = 4|5 x [¢181%] = {rcll + |var] [22] C/CE

Excoution: o execld exec]

TOROID--SOUARE SECTION

O UOME - 2 oats

Program: {enter[var| ® {var] x [¢[7{1{0% > #[1{1[3[* ~|var| [18] C/CE "
Execution; ]a execit exec|/ exee! md*a[
hi = a4t + L

- 4

Program: BJE ienter] x [sto] +[varlenter] x [*[4] = |rel| + Jvar| {{4] C/CE LML,,__!!

; I
Execution: |a exec!: exec

| | . 1
;L S L} 1

i ;2
T2 8

.

Program: B/E lenter] x {var] - Isto|+ |varfenter| x jvar] < Irel] + |

[s10] + |varjenter] x pvar)=-ircl} +|var} [23} C/CE

Execution: |aexec|2 execjr exec|8 exec|/exec|12 exec A1A



THERMODYNAMICUS

DRYNESS FRACTION
< = kg ofsatorated vapour/kg wet vapour i == miernalenergy
. ; ' 1}1 x = drvyness fraction
ey = fewr SALL COWEL Vi PO , =
* g sal. hquidixg P i, == ini. encrgy of sal. vapour
o — {l—xh, + xuy Hp = inienergy ol sai. vapou

Program: B/E lenterfsto] 4 |var| x |x—m]—|$|1}?[ + jvar| x [rcl| + |var| [16] C/CE

Exceution:  [x exec, execiy, exec]

POLYTROPIC PROCESS
neoos CONSL [} = TITLEEIrS
. = tEme
) Pava— 01V - Vo
VORR = | — 2 ] # = ndex
i T =+ abs, tewnp.
= T o T r f - » f{:'li:t kD
0 2 FUEE (t1) tory per £ R = gas const.

Program: B/E |enterjvar| x |sto| -+ fvarlenterivar! x [rcli—[sto] + [¢| 1]*|enter]var; — |rel]

t—{]var} {23} CjCE

Execution: (i) }p, execir, execlp, tzec)v, execlir exet]
Program: B/E [enterivar|—[var] > ]sto] + [*i1{*|enterjvar] — Jrcl{ —| = |var| [17] C/CE

Execution: (1) |T, exec|T, exec|R excepn exec]



AEAT CONDUCTION

FOURIERY AW
i
() = — J{AE
1.7
= — kA
X2

Frogram:; (1)
(1))
Execution  {1)

{n)

{# = heat how
A1 A - area
{ == IeMperanurs
(i) x = dist. into boas
k == conductivity
B/E lenterjvar] x var] x| —|var] [7] CfCE
B/E lenterivar] —ivar| x lvart x bvar]-~!—{var (11} C/CE
AT .
m execiA exectk exec!
dd.{- I ]

ETE EIE‘-’JITi EHEE[A t::rr:_r:r:]k E::U:t:f.r] 4 ::x{:f:f

HEAT TRANSFER COEFFICIENT

0
H = AMT.—T)

T, = walliemp.

T = flud temp.
Program: B/LE Iﬂntcr[varj—\var‘ % !vﬂri : ‘ : évar‘ 91 C/CLE
Exceution: 17, exec] 7, exec]4 exec|Q exec] F = A/W

172A



THERMODYNAMICS

HEAT CONDUCTION--SHAPE FACTORS.F

PLANE WALL ared = A
thickness == 13

CYLINDER insicde rad r,

outside o,
et L

e

fr(r,/r)

Program: B/ lEEHE‘I’iUE{l‘E+l]Dg‘{" I‘UHI‘E ¥ 5‘[ liﬂ[?lﬁ[i}’i ¢ |‘E3|915155’1+1v3r1 [23} CfCE

Execution: ir, cxec|r, execi/. exec]

SPHERD

=

Program:  BfE [stolenterjvar| — bx--mf + {vacl x {FH14l2[0P] s 3P = frel] = fvar]

124 C/CE

Execution: |ryexeclr, execlr, exec;



HORIZONTAL DISC  radiusr
centre ine depth 12

283D
Program RB/E leater|sto} —|var| = lvar) —;—]iilr-;-E-rmnrr'r‘—,l—fvartleciiw}-"fvari (18] C/CE

Execution: Er Execiﬂ r::::ecilﬂﬂ EEEE%{E.EE E}:EEI

BURIED SPHERE radits »
centre tine depth £

F o o= - -

(-
20

Program:  BIE lenterisiol + fvar

arc:{an!‘IﬁlH X, [!'{3][ 4 {Ji'“‘f”‘ +Evarf~—?-|var]-%~ l mlvﬂ.r

ret)—b—lvar] [24) C/CE

+]

Exccution: |r execlt exec|D execl? execl exec

RADIATION
STEPHAN BOLZMANN LAW ( = o7

() = heat transfer
I = absolute temp.
¢ = otephan-Bolzmann contamt

Program: B/E lenterf % | x |var| x Jvar] (6] C/CE

Execution: | T exec|o exec|



FLUID MECHANICS

AYDROSTATICS

b = pgAycosx

var| x [vas] x fear] x {19181 x *[1OIOP = |var] 121} C/CF

Program: BJE |enter|cos

Execution: |xexeclp execid exec|¥ exes,

CENTRE OF PRESSURE ON ABOVE BODY (x,, ¥}

o I, A
o Frirst moment of arca / |
i
1., AR
£ —— e ;
ok f1rst moment of area i o
uflf;;:ﬂﬂ&
FORCE ON SUBMERGED CURVED SURFACE
A, = projected area in p— z plane
F. = A.pgz, .= position of centrord of this area

Program: B/E lenter|var] x {var| x "!9%311%” < {*110 G[’[%lvar{ 8] C/CE

Exceution: |4, execip exec|z, exec|

BASIC FLOW LQUATIONS

CONTINUITY ¥ pA ¥ = const.
du  dv

CONTINUITY - = o= ]
dx  dy

d )72
FULERS EQUATION Jf + — 4+ ¢z = const. along a streamling

{3 Z
BERNOULLES EQUATION p 4 4oV + pg, — const
ENERGY frg =+ 1y’



PRESSURE FLOW MEBASUKEMENT

Y ANOMETER Dy —p, = gh(p, — )

Program: B/EL E:mer]var[ — {var

% [£[O18{1P] < [40[0}? = [var|

Excoulion: Ipm F:.v-u:t:i;} E}:E::EIJ": c}cc'::l (18] CiLLk

"

FLOW RATES
PITOT—STATIC TUBE

- ;'}‘ o= velotity of fhad
RN '\.EI p——- P o= (otal pressure
7o~ statc pressure

g = ddensiiy

Program: B/E jenterjvar] —|varf=[¥{2[* x i /x [var} {11] C/CE

LXeCUtIon: [F E:{E{:Eﬁ E:-:El:];} EEEL‘{

VENTLUR]T
S Xpy—pa) [ refers to tube
1§ P— f—— iy
- 7l 2 refers to throat
Voot ) 1]  pan
n o= static pressure
fd 2 ATrea

program: BJE. [enterfvar]- | x (91 - var] x sto|+jvarlenter]var| — 2] fre| -
/x tvar| [241 CJCE

|-xecution : ‘ﬂ't E}:EE]HE f::n:r::{;h:: t‘:x*::cfp, EEEC%F; E}‘:EEE

SHARP EDGED ORIFICE

o A = ares

O = A4,C /2% (0 = volume flow rate
C, discharge coeft.

Program: B/E |enter{*|11916;2)%] x || 1;0]0]*| = [./xJvar| = {var] x }var| [20] C/CE

Execution:  jltexeciA exec|C exec]

|

|

d4 A



FLUID MECHANICS

P1PE FLOW

i

PRESSURE DROPAp = 2 & Copl',*

. — lengin

N = diameter

Cr = skin inertia coeflicient
n o denstly
/= mean velocily

Program: B/L |enter| x [var] X ‘va[‘] X Evarj X ‘vari%i‘éZi’l % [var; [13] C/CE

Execution: |U,, execlp execjCrexectL exee] D exec

SUDDEN EXPANSION

J
i j ?
(b, —u ) ‘

L

Head logs = ——— 3 | |
- N Eg {\ _l-ﬂ

ty” ( ALY ;

= — [ b= (11) | -j

Mrogram: (1) B/E ff:ni‘er

var|— | % [$119]612]2]-= |*|1]0[0)?} » jvar| {18] C/CE

1, CXCC|

Exccution:  |u, exee

Program: (11)  B/E [Enter varh-[mﬁiﬁ—}—j N ;smi—'}_—ivﬂr

var| [23] CJCE

E:ntﬂr[ X, lrtll X, lvﬂri ':_'ﬁzﬂ ._:_E

Execution: {4, execid, execin, execly exec|

FOEAL PRESSURE RISE IN A DIFFUSER ._’_//"‘_—'—
i 2 | "ﬂ".’[ 2 - . aro -_—xl__
Ap = = pu (1_(_*)) A - area

A 4

Program: BJ/E lenter

var|-=] x| — {8117 +|sto]+]var|enter] x {var| x fref] x 2=
var| {23} C/CE

Execution: [A, exec|d, execyu, exec)p exec| 45



FREEBSURFACE FLOWS

i

SNEFUL NON DIMENSIONAL GROUP: FROUDE NO. =

;N
y“:dg i

Program: B/E |entcr|®|91811]%| x [*]HO|0P|-: |/x|var| | =]var| [18] C/CE

Execulion: ]f’: EJ{&{J'H exes) oo veloony
i = depth of flow

WAVE VELOCITY FOR INFINITESIMAL DISTURBANCE

C = Ygn
Progeam: B/E fenter(9[8{1}2x {00}« 1/ fvar} 1157 CiCT

Execution: |iexec;

SPEED OF FLOW BOWN CHANNEL OF CONSTANT LIS AREA

Zef
C,

P ared

1 sing HE = -
weatted perimeter

¢, = skin friction coefl.

H angle of channel 1o horizontal

Program: B/E {enter{sinjvar] x | /x{var|-~|*]1]9]6}2{*| x * 0|0 =-tvarl [21] C/CE

I _—

I

Execution: | execln exee|C exec]

HYDRAULIC JUME L 2
.
] fis{hy + hs) ‘ ; =4 I
Fo oo Yo (i) F = froude no. —e |
o fi - depth of How Wf' R T

JETI{TFI + .ﬁ';:rj

:}“hzl { }

FEE —

Program: B/E [enter{var] = [sto] + ] x frel} + 2§ = Ivar{ [13] C/CE

Execntion:  {i) Ay exechr) exec

{31} /i, execlh, exec

454



FLUID MECHANICS
SLUICE GATE

_ Hy™ , et ek
i,° = - (1) s
gh | o=

]
L

A “ “ - -l

1

-
— — —— — b = ol ) -ru YT
] -

Program: (1) B/E {enter| x jvur| 1 1€19]8[ 1} 141R10(0f* x bvar| 17} CJCE

Execution: {1} tu1 Eﬁﬂﬂiﬁiﬂxﬁﬂg

Program: {ii) B/E [Enterlvar|—1—15tﬂi-+-f:{‘rﬂl‘+i‘|2§’l : ‘ : |var‘ (14} C/CE

Execution: (1) lh:g E}Lﬁﬂlh, E:-Leci

VENTURI CHANNEL

g Py B, = throat width
¢ = B (1} gH ) | H = depth at throat
{} = volume How rafe

Program: B/E [enter]sto|+] x |rcll x vas] > 4181 x [#]2]7 "] = |/ x]var| < jvar

121] C/CE

Execution: [H execjg exec|B, exec|

TOTAL CONDITIONS fi,=stagnation enthalpy
_ V2 . p.,=stagnation pressure

& Ak i () T = stagnation temperature
p, = p -+ i (if} h =static enthalpy

g p =static pressure
T = T+ %—F { i) T = static temperature

P v = fiaid velocity
Cp == specific heat at constant pressure

Program: {l) B/E fﬂntﬂr’}:i”ZJ’]#]var] +[var] [9]

(i) [ |

(ifi) B/E lenter] x [4]21* —|var|=-{var]+|var| {11} C/CE
Execution: (i} i execih exec)|

{i1} i exectp exec|

{iii} ju exec|C, exec|T execy 46



COMPRESSIBLE FLOW

A y = gas veiocity
YACH NUMBER = M = e a4 = speed of sound in the gas
VELOCITY OF SQUND = {4, () N
N r for a perfeci gas
= VyRT iy
= 20.03WT (iii) IN AR
Prooram: (i) B/E lenterlvar|xivarl-! /xtvar} {7
(ii) B/E [enterjvar| x lvar] x | /xjvar} [7] C/CE
(1} B/E lenterl/x[*12]0]0[31% x #[1{0l0* -~ Ivar] {16} C/CE
Executiorn: {1} [y r:};t:f:[pﬂxﬂc{;:r e:{ecf
(1) |y exeej R exec|T exec]

(ni) [Tﬂxec}f

ratio of specific heats

Fi

P = presspre

p == density

I = absolute temp.
R = gasconstant

46A



FLUID MECHANICS
COMPRESSIBELE FLOW

PERFECT GAS RELATIONSHIF:

T;r ( o i hrll

Program: B/E lenter| x [“]2]P| =|sto|+ |varienter[$}113] — |vell x [$} 12+ [var] [21] C/CE

Execution: |[M exec|y exec)

.!I"Frl' ]',_] - EII—'?-‘-E
P (1 5 MA

i* £ 7
Program: B/E fﬂnter[ X .‘ilm—: [:it{}l + \vﬁr[ﬁrnierm l ]’! — ircii ®

var| [231 C/CE

var| + [log|var] x lantilog.

Execution: [M execly execiiexecly — 1 exec| Forv =14 v—1i = (.2857

7 ¥

f }._1 ) —¢y— 11
;o= (1 + =5~ M

Program: B/E [entec] x [¢[2]%} - isto| + [varienter{¥|1 ¥ —[rel| x |var| 4 llog] —{var] x |
]antiing[var {24] C/CE

Fxecution: | execly exec|! execl(y — 1) exec]

VORTICES
FLOW WITH CIRCULAR STREAMLINES

i e dp - |
— = == = vdrialion of pressure with
(g R (v .
radius
Program: BJE |enter| x |var| x lvar|=|var| [7} C/CE v == velocity
R == radius of curvature

Execution: |wexec|p cxec|R exec]

47



FREFE VORTEX

$ro o= COnst.
| 2l ]
Shape of face surface z—=2, = — l“"(‘“) |
24 VS
Program: B/E lenterivar] | x| — 41| +{sto] + |varlenter| x jvar|-- 2P|+ [rcl| x lvar!

23] C/CE
Execution: |r, execir execlu, execly exec]

FOROCED VORTEX

Wy = e

2

Shape ol face surtace z — 2, = 2 {r°der ")

Program: B/l {enteri}f IEIG]—I—

varienter] x jret| — jvar|—= [$12]?] = Isto] + jvarfenter] x |rel]
- x var] (23] C/CE

Exccution: |r, exec|r execlg execty exeC)

GENEHKAL
;H_rf
i

REYNOLDY NUMBER =

- = velogity
= length
Moo= YISCOSITY

g == density
'
/

Program:  B/F |enterjvar} x tvarf x jvarl—lvar} [8] C/CE

Execution: |pexec|v exec)f exee|p exec

Ty

%.I'J ,U <

L

SKIN FRICTION COEFFICIENT — C oo

Program: B/E jenter}x pvar| x 12— lvarl—{—lvarl {12] C/CFE

riv = wali shear stress
xecution: iU/, execjp execlomn exec! {/, = mean velocity

47A



VIATERIALS

ATOMIC PHYS)CS

E = energv
E o= fip f1 = planks consiam:
v = frequcnd
Program: B/E |enterjvar] x{var| {4} C/CE |
Frecution: i -::xtfcl 5 EI'LE{:!
DE BROGLIE —wavel!pavticle duality
A = wavelength
. i h = planks consian:
" 777 it — NMldsi
v == veloCiiv
Program: B/E lenter|var| - |vari=+ivar; {6] C/CE
Zxeccutton: ib CXEC] execln ﬁxtci{
ENERGY GIVEN QUT IN ELECTRON ORBITAL CHANGES
_ s f 1 ! z = atomic No.
o — 135 = {——:- — —3
L 1 n — guanlum No,
Program: B/E |enter] x| —lsto} - varlenter} x | —irel] —{stol
|+ ivarjenter| x frelj x {var| x Jvar] [21] C/CE
Execution: [mexecin, exec|s exec[13.3 cxecl
AMEAN FREDL PATH = R 74 == maolecule diameter
J2ndn i No, moleculesfvol.

Program: B/E |enter| < jvar|x [*{7|HIO}] x IE]}11;3]!‘+J\/EI+|VBFI [19] CC/E

Exccution: 1 ::::’{.::-;t:r:] . E}iﬂﬂl

48



KINETIC THEORY OF GASES

L — pressgre
oy = $mve” 2 P .
= yolume
1 Ne? ' m — mass of molecuie
pPo= qm . , ..
! (i) N == NO. molecuies
%) ;
y 2 : £” = mean sguare velocity
= 100 (if) | -

Program: (i) B/E lenter|var|=|var]x fvar| x {#{3]* 2 lvar] [12] C/C¥E

Execution: il;:_f exec| v execlN execim cxech

Program: (ii) B/E jenterivar| x [*3}%) = |var| (8] C/CE

Execution: [e* execlp exec!

TRANSPORT PROPERTIES

THFERMAL CONDUCTIVFITY

- mean free path

— Roof mean sguare vel.

Cv = specfic heat capacity at
constant velume.

b B

K == 4pcd Cu

Program: BJE |enter{var] x{var|x [var|x [#13P|-{var} {12] C/CE

Execution: |p execlé exec|d exec]Cr exec
VISCOSITY

TR IR, 1o

Program: BJE lenter}var| x ivar]x[*:3{’| =[var] [10] C/CL

: - X |
Fxecution: !p E}:-ﬂ{:]{r exec];{ exec;

DEIFFUSIVITY
B = i

Programn: B/E jenterjvay

x [#31%—|var| {8] C/CE

Excoution: |1'+:" EEEEF; E.‘-'i'.ﬂ{:[ 48A



MATERIALS

~ORCE BETWEEN ATOMS [N IONIC BOND

£ == DEermiItivity
F=4 |
= — g == Ccharee
dror- S
Y= dislanoe

r'q
oF

Program: B/E |enterfvarf—{x [var{—=[¥11412{0 ¢ 111

I % fvar| [20] C/CE

Execution: 1q CeNaL

r exec]e axec]

ELASTIC PROPERTIES

E o= 2G{13 v}

|

Program: B/E |enter|*|11*{+ {var] x [*12]*| x {var| [12] C/CE

Execution: iL E?LE{':IG I:REEE

E = 3k(1—20)

E o= Younegsmod
G = ngdity mod
i Poissons ratio

& — bulk mod

Program: B{E [enter{*[21% x| —[${11*[ 4 |var] < [$[3{* x {var| [17] C/CE
Execution: |vexeck exec|

Hrk
G+ 38

Progeam: B/E [stolenter |31} x [var| + |x—m}+ {#]9]* x |var] x Irel] = |var] [19] C/CE
Fxecution: {k execiG exec|G exec]

g, == npominal stress
STRESSES AND STRAINS F = {orce apphlied

F L
TRUESTRESS 6, = o, {l+¢&) A, = 1niual area

£, = nomunal siramn
Proeram: BfE {Entﬁ‘riii}.j"l—i—%%‘arl}{]‘UEI‘! 16l CfCE

Execution: e, execio, exec]




FTRUESTRAIN = log (l-Leg,)

Program: B/E {enter{*}1|?]4-llog[¥1 17|51 > [¥1716]%] =

var! {18} C/CE

Execution: e, exeo

—

ELASTIC STRAIN ENERGY = *E“

7 = $Iress (nominall
Program: B/E |enter] x lvar

= 141212 fvar: [9] C/CE

Execution: (o execik exec|

X Hays \
._ f

A
BRAGGS LAW OF X-RAY DIFFRACTION
e = 0 crysial
pianas
1A 1 = lnteger
d = — , Y
2 s1 6 A = wavelength — . - .
Program: B/E [enter|sin{|2[*] x |sto] + [varjenter]var] x irci{ =Ivar] [15] C/CE
Execution: IlH ﬁxﬂﬂjiﬂxcﬁln E‘Ji{’:{‘:i
INSLOCATIONS
STRAIN ENERGYILENGTH
FOR SCREW - Gb* (i) B — Burgers vector
FDGE = Gh* G = rigidity modulus

b — {il} Poissons ratio

|

Program: (i) B/E jenter|x [var| x {var| [5] C/CE

Execution: (b exec|G cxee]

Program: (i) B/E Jenter|—[*]1’] 4 [sto] + |var|enter| x Ivar] x [rcl{ = lvar] {16} C/CE

Execution: |uexeclhexec|G exec] 49 A
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