R. GURSAHANT




The DP 53

|I II Il |l| .

- Slide rule for school chlldlen' -




N
e S : . - : >y <

- Diploma Project o s

, bml’c‘ced in partlal fulfllment Gf

- ’che requlrements of the postgraduate D:.ploma

. 1n Industmal Des:.gn aoe

ool S Gurssnant

L D C. lerary o
LLT. Bombay. e e

Indus‘cmal Des:t.gn Cen‘tre Ly
5 “"?u-Inda.an Instltute of Technology

’, Bombay |

[1975"«_,a_sf;,f.ff o




edde oo e

Shri Gopimath Rge . = <.

B

B

\ ,shrijﬁ;c. Chattopadhyaya -




L




@ ' s ; g “;3 3 » P
0 0 ® » L) ” :
’O - i : s
ACKNOWLEDGEMENZES “

I w1sh to express my deep sense of gratitvde

‘vft@ Shri Qopinatn Rao and Shri M C Chattepadhyaya |

:ffer themr guldance, *help and encc&ragement.:'.

: _woula also like to thank, Prof, S Nadkarni

jffor hls help and constant encouragement.

,Itrwcﬁld haﬁe}beénTimpOSSibié to eOQPIEte‘fhis‘f‘_

g

f pro3ect Wlthout the help of numerous frlends,k

ispeclally Shrl Anupam Gupta, and thesstaff of"

,Aadv1ce. 'a

 ;Deeva Pvt Ltd.’were helpful in supplylng the ;ﬂﬁij

.‘1nformatlon on thelr sllde rules.

the Industrlal Design Centre.'
L]

I am indebted e Shrl Than and Shrl L.uethw% e
of M/S Brlght Brothers for their & help and

@ . ;
i 9

. -
4 : 9
: ® :
2
. -
i -
o
s :
@ ; & =
> s g
o
: - i 5
9 %
J .
@ 9 E)
5 :
oo .
8 »
: 0 2 9.
) : v 2 0 >
s 0 - :
» - = »
® e e i
) iy °







°
\" ‘

’7ff5espec1ally multlpllcatlon and d}Vlsion. JIts use,

 § Vin India, is however restrlcted to technlcar 7

ugee.

- pos co st much.

i e - S R

1,0 INTRODUCTION e
The Slide Rule is an"extﬁémely’useful*instrgF' —

“ifment for maklng various kinds of calculatlons,

i M

-

5'coﬁieges and in some cases to sclence students.f

"The speed and ac&uracy w1th Whlch these calcu—‘

latlons_cannbevdoae shouldvlegd.po\aw@mch-wldex :

P

There are two factors whlch have prgbably pre-

vented the use of the sllde rule on a large‘~'

(i) The complex1ty of the sllde rule scales{ :
» The. errors whlch a learner makgs mlght
‘T;“,v ea51ly dlscourage him from using 1t$.?‘
(ii) The prohlbitlve cost ofﬂhe 1nstrument‘
reduces its potentlal for a widespread

Use.

:BwJThe neéd then, is to desmgn asslide rule whlch
?iwill be 31mple to use, which will have a few, 75 

‘but ea81ly understandable scales and which w1llu_.

o
o ;

v_.J‘ i
.0

".QSuch 2 slide rule, it 1s hoped, will be adopted_

i schools.. Wlth new and sllghtly complex cou—

rses belng introduced at schcel level (especia—

3flly in ngher Secondary Schools) there’is an
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,The sllde rule scales are based on the same

pr1n01ple of 1ogarlthms and should present

‘ff no partlcular dlfflculty in understanﬁlng.’

T 7 SLET AN

‘The aceurac eslred to be attained here is

F | - ' to three 31gn1ficant flgures. This is of

'7c®urse, less than Whatrone can achieve with®

logarithm tables _mare often thaﬁ not

an acouracy of meref Fankthree signlflcant
[flgures 13 not requlred speclally‘when the

YV calculations have te be made rather fast.

 3u&h'é slide rule neéd not be résﬁffé é&'to17

l‘schools only. It can. be used by anybody who

,needs a simple dev1ce to do hls multlpllcatlans

‘ and div131ons. ,',‘~ S e
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2.0 INFORMATION - : ey

® © —w
: llde rules are made 1n varlous Shayes.
'\ '- ,,The” most commonly used is the s+raight

"{wlide rule.ﬂ Among the other shapes the‘

rule conSistslof three
the stock ( or frame ),

the cursor ( or runmer } .

”f ﬂhéfé'are”ﬁﬁderrﬁé,of,straight slide rules

o 'Whlch are in comf 7Se. These. are the

‘ﬁMaﬂnheim type and thefﬁuplex type.f

ihe Mannheim type has a SOlld back to the
’frame, and therefore has scales on one sxde -
 :vonly¢ But some have scales on bath faees of
. the sllde.i The scales on the back of %he sllde\
"are used by remov1ng the sllde and turnlng o
\1t over, cr by readlng opp0s1te a scrlbed

- glass or gauge mark at the end Of the frame.‘
1. ﬁ C L!brary :

l.' r, . o) - ‘,v‘ . 3 : "‘ : S 27 J 5 ‘_ <
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"The Daplex slide rule has two outer strlps
Yheld together by~a palr of end caps. Some
fdgfru}es_have adaustable end caps,ibut.q
csﬁEhgve €hem_permanently securég., The
1&3 moves freely, but not loosely, between
}  the‘strips.,_Thlsvtype of Sllde~r?le has

' scal s on both faces of stock and slide.

. ;;QSTOOK AﬁD‘SLIDE

4 ’w %3The mést cemmon materlals used for the constru=

 atiaa of the steck%and slide are thermoplastics.

°:§Q;yaae§gl,‘ABS¥§gd¢;VC are commonly used.

In mcst-ptééiéion*élfdérrules the stock and

s’ﬂde are manufactnred by machinlng. In‘some

: cases, however, the injection moulding process

;2.2ZQ'E§,75APS | .

The?endfcaps are generally moulded. The
. materlal used is the same as that used for

" the ¢ stock, ar a different material like H,I,
‘f:Polystyrene is ubed. T@e end caps are then.
” - fltted on to the outer strips to form ﬁhe

stock. u@hé tendency is to weld the end caps

il
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permanently rather than to provide scréws 7

for elignment. .

9

COg

There are, of course, no end caps.for the

Mennheim type of slide rule.

2.23 THE CURSOR e

v

The cursor is a 'glass' which is fastended to
edge pieces, or the glass itself may be bent
at the edges. One of edges carries g flat

spring to control the movement of the CUTSO¥s

On the centre of the glass there is a hairline
 perpendicular to the scale lines. There are
very often other hairlines at some dis%anceJ

o

from the centre one whieh are indications for

aome oHaBtanies] fteo of circle, Ky HF cengsiin

,‘Thare is ome ‘glass’' on the Mannheim type, where-
itas there are two.on the Duplex. In the Duplex
tne hailines on the two faces have to be in

perfect alignment:

~ The cursor’glasseé’ar&,generally made from -
| acrylic. The edge pieces can be molded H.I.
Polystyrene‘(or gome other thermoplastic ),

or the entire cursor may be of acrylic moulded

in two identiecal parts ( in case of the Duplex).

J : 9 - - w




The Mannheim slide rule having only one

k%%

o
face‘has~a'single piece acrylic cursor.

2,3 THE CIRCULAR SLIDE RULE ; .

o

Also known as Disc Calculetor. This type

ususlly has two dises of different diameters

~which can be rotated with respect tbteaeh

other.

The principle is the same as the ordinary slide

rule - logarthmic scales pletted on a circular

scale line.  They generally have a very few:

écales bésides g znd D.
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2.4 PRINCIPLE OF THE SLIDE RULE. o
The sllde rule performs multiplication, = =

rvdiv1slon and athel pathematical nperatlong"

Qe @

~ by one or a sequence of the follow1ug basic

9

 mechanical operations : .

a) Subtract Lengths
b) Add Lengths
é)'Equate Lengths

€]

‘fr'The mathemailcal prlnciple used in multi-

”gpllcatlon and lelsien is based on the proper-

O

‘,‘ffties of logarithms.

Division[{f:lf,the légarithﬁ\of one numbér i§
' :sﬁbtracﬁea from'thé"logarithm of
anether, ﬁhe difference 1s the

'logarithm of the qﬁotient

ultiplicatlon e 1 the 1ogarithm of the flrst -
- factor is addeé to the logarithm

>3

of a second factor,-the sum 1s

P

- ‘“equal to the logarithm of ﬁhe

’product.
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2.5 SLIDE RULE SCALES - . ¥,
A large number of scales have béen designed, s

for use on slide rules. Most of“these scates
" are non-linear (not uniformly graduated) and

'are used for a number of mathematical operations

?
g

: 1nclud1ng multiplication and division.

2.51 TYPE OF SCALES ' 7

The Basic ch;e ~on a slide rule is that one

from which the other scales of the same type
) 9
are derived.

. The Basic Decade on a logarithmic slide rule
has'value§ x ranging from 1 to 10, increasing
from left to fight, the graduation distances

being proportional to log x .

@

»
_Fixed Conjugate Scales are those in a fixed

o %_"'p031tlon relatlve to each other. They represent

Wdlfferent functions of x of the basic decade.‘

'l

v-

' Slldlng Gonjuggte Scales }vare those capabie-

of belng moved relathe %6 mach other. - .

2.

An Extended Scale is one in which the gradua-

tions ares taken beycnd the ends.of the‘basic*

1l

decade length. L s
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A Folded Scale, relative “to the basicheﬁadei)

®e
o8>

©

- - } - : |
e % = 7 .ig one which has been severed at a particular

graduation, and one part 'folded! over:or frans-

@

 ferred to the other end. o e D

@ .

@

numbers increasing

Aannvérse Scale has_its
‘to the left instead of to the right.

J

@

2,52 SCALE LAYOUT -

S j ;T6a£he:left of each scale are capital letters
h i>whi¢h ére the génerally recognized designati?ns
{‘k,for,the séalés.‘}SOme scaléé retain thg}r desig-
\&\:ﬁatiéns'wﬁether;oh”the'stock or slide ; others,
. such as’D, DI, DF etc., become C, CI, CF, ete.,
‘ighen;én tﬁg slide. To the right of each scale
is the function indicating how the values are 1i '

related to the basic decade.

i§calesvcan be open ended or hayve boundary linés;.
?fﬁey,are useful if sthe scales are hand - marked .
o = but d%herwise their use has no particular fanc-
;f{‘f[ : e tion.. In fact, some studies seem to indicate
~ that an ofen - ended ésaie is casier toéiﬁter-( 
Y  :1 ;  polate“betweenvthe graduation marks.

The most important ‘slide rule scales are the °

[

C and D scales. These scal'es have to be placed

4
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: 0pp031te each other\pn the slude and s ’Q/}f Py
- ;4 - f @,: The‘tther scales are placed on the stock&or

sllde according to their functions anﬁjea e

- .. i3

, oﬁ operatlon. In general, a scale is so plaz d

1? that 1t can be used with 2 minimum number of

. »_-:.;,.Opera’cions. - - i

<t

-“iﬁ" The choice of the seales itself is governed ¢ s

‘b ‘the use for which the slide rule is de51gned.r

T S>can be a ﬁeneral purpose or a special

i

*”3\,,Fron§ '+ DP, CF, CIF, CI, C and D
Fagk | - K’.A4—B e - |

: The other scales usually provided are the log—-v

log trlgonometrlc scales. Some speclalffunctlon

> = ,,scales are also provmded sometlmes.[ Reter ‘%ﬂe‘o
: go_s ’,;'SCAI;E _YHARKII*II}S o
On the begt sllde rules, the markings éne
engraved and fllled with ink, Conventlonally

',tWQ_colours are used,vred and black. Ainumbeﬁ

[

of operéxicnS'are required in this process.

7}

A cheaper method sometimes used\is,ﬁhe eﬁbossing

_process. - e o e




o olon

HDW uoRoNp

. JJow 210IpawaRN

{ud) u_lﬁuai 2|pds ubiakd W

~ ?h¢;fbi1dVihg.terms are used to descijg‘“ il

3. Graduation interval

Fg,ﬁGréduaticn‘humBej

B
1

o i i
2.7 ‘SCALE NOMENCLATURE

B

 scale characteristics.

e

f;gIntermediaﬁe

L2

b gitng Saykten

e

N}
(€3

%y I
o T

?fﬁajoffgfad“&tion marks: longest (or thickest)

scale marks

‘marks of imtermediate

length of thickness

-shbrtesﬁ gcaie marks

the sequence of numbers

along the scale.

-the distance, (in em,

say, between two adja-

 cent graduation marks).

e

- ee

- the number of scale

uni%s represented by
thedéra&uation:intér-
val. (The slide rule
scale isiregardqﬁ as
having nine units,‘}

to 2, 2 to 3, etc.,

eaéh bpingjohé‘unit). ‘

‘the distance between
‘the lower numeral 1

and'the’uppér'numeral
1 (ox 10 )y v

o

SR T
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The general purpose slide - rule’is very

- ﬁidely used among the engineering stud}ntsf

"5;HIn fact it is almost essential for e%ery

9

foenglneerlng student to have one. He uses

rwﬂkt primarlly for multiplication and lelsion

'na for that, the C,D, ¢I, CIF, CF and DF

L4

"fgqg;eg&areivery;frequently used.

Nezt in 1mportance and frequency of use are

_:square scales and the trlgonometrlc scalés.

;purpose calculatlons.( R€$ef foqeie

The éllde*rule is qulte useful to science

~ students also for general calculations. In

‘  our country, however the slide rule hasn't
h“found very w1de acoeptance among them probably

;ﬁue %o the nrohlbltive cost,

The slide rule is a very handy dev1ce for

bu81nessmen~and.accountants. : Be31des multlpll—

cation and division, they can use 1t for some

special calculations. For this purpose scales

[ < . . : 9

(9}

]

tner scales are used infrequently for some



for multiplication and division. A few manu-

€

for calculation of iﬁterest efe., , are

prcv1ded on some sllde rules. Electroﬁic
Desk Galeulators are, however, replac1ng

//-... 5
J

slide rules very fast in this area. | -

o
2%

In some Western countries, slide rules have
been adopted in schools. The school children

are instructed in the use of the slide rule

: fﬁggturers.make special models for use in schools,

" which are made to the same design but carry

' very few scales. ( The Aristeo Junior is one

such slide rule ). iz

2.9:‘S?ORAGE ¢+ CASES

Every glide rule is provided with a case for
storage. Most of the cases fall into one of

these categories

v

. Blow moulded plastic cases

"o - Leather or Foam Leather cases

. Cardboard cases, covered with ftexine

<
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2.10 PLASTIC EXTRUSIONS e L e

q ) “
Reproduced here are some extracts frogﬂtwo
- lpapefs published by Robert‘ﬁarx‘in Machiﬁé@‘d

" Design £ Vol. 31,Nov.'59 and Vol. BQ,MQrCh'60]Q

,EXQRUSIOE ﬁOULDING

O

. ' For plastic parts with uniform cross ¥ectlons,

ﬂextru310ns are usually more economical than

—;131m11ar parts made by ingectlon mouldlng,

';dmachlning, or vacuum forming. Extrusion are

%

jispeﬁlally suitable for leng parts, "solid or

5fhellow. But for extremely short pieces w1th

"unlform cross—sectlcns ané thln walls, an extru—
”sion - preglsion cut to length on automatic
machlnery-ls usually easier to make than an

'equlvalent moulded part.'

-

- Tooling}costs are 10w. Die changes are nominal

:@&ost/qr'free,-éna design changes such as flutes,

‘beé&$,vflanges, or sections can usually be

&,

. - in09¢pqratedfeasily into a finished extrusion die.

. CHOICE OF PLASTICS

A number of plastics can be uSed for extrusion. 

-~ &}

The materlal plays a strong rele in the extru-

dablllty of a partlcular shape.' Eylon is very =

- aifficult to extrude. - H.beao;ystyrene>is the

o > : G . o

(Erghs wgs ac i o - Sl e S



v' 1eas1est followed by the cellulcsics and

acrg;lc.‘_r; .

&

ﬁthere intrlcate cross - sectlons are réaﬁdred
‘ﬁga shape could be extruded in rlglé/v1nyl. e
"fThe shapes shown here in the flgures were
'}requlred to be extruded nylon. But . nylon
is difflcult to extrude in such 1rregu1ar

*shapes. In Rigld PVC however ‘these shapes v
fwould not be difflcult to extrude.

: emmtz fi‘o EXTRUDABLE PLASTICS

:’H I. Polvstvrene : Low speeific gravity,-'

'fﬁextrffely low. water - absorption. Excellentei’
\‘elecﬁrical properties. Good Impact Strength;v
”,'Very easy to extrude. k o ‘
'£§§ {_,Best known for goodibalance of critical
'3§Pr0§érﬁies -'eieeilent}impact'atrength,fchemicale
ffresistance and full colour range with good
f.surface flnlsh.. Extrusions are ea51ly formed

%)

“and fabrlcated.

o N

»ﬁx;gg {  Tough, lightwelght Aow coefflcient

v.of frlctlen, very hlgh tensile strength. Form -

. stable to 400 °p, Faarly high water absorptlon
increases 1mpact streng*h. Extrudable in small -

”dlameter rods, tubes and %hapes. :4KJE_ >




Acetal Resin :  Tough, rigid, with low -
fricktion propervies. Service temperature

range -40 to 185 °F ; short wile %o %qp~??¢‘
Low moisture sbsorption assures good Jimensional

w4

stability. Best resistance to solvents, oils,

L¥

gasolines and hydrolic fluids. ’

v Regigd PVC : Combines toughness and structural-

 strength with chemical inertness, good ouﬁhoor
aging characteristics, excellent electrical

properties and abrasion resistance. Hard,
: v
tough, lightweight, and non flammable. Suitable

for intricate extrusions.

9
]

Poly progxlene 2 Combines chemical inertﬂess

with”hardgess, strength, and stiffness. Lightest
of all plastics.‘ Resists distortion at tempe-
ratures to 300 °F. Broad range of colours,
e . with abbinebize 1idtrans finish. Highly chemical
B resistant.k Probébly most economical, rigid »
material With ﬁi&gst range of desirable préper—

)

> _ ties-av%ilaﬁle. .

v

v



3,0  ANALYSIS ~ el o

Thé 1nformatlon collected from various
sources is analysed here to determlgéjthe :

- structure, mechanism and functhg?@f the .
various components of the slide rule. The

- ergonomic and economic éspects of the problem

are also analysed.

3.1 STRUCTURE AND MECHANISM

’Thé.straight‘slide rules [ both Mannhein and
"Duplek ] have an éxfremely simple structure,
‘which is govérned by the fact tﬁat the‘slide '
moves between the two outer strlps of the

- stock. The sliding fit is o el w1th two‘
tongue énd groove 301nts, the tongues on the

slide and the grooves on the stock.

Mghnheim i the Mannheim type the stock
. 1s one piece in which the space for the slide
‘has been formed.® The stock having a solid
tback‘is’quite.s@urdy. But the average slide

a2

is a fragile part. Its dimensions are

approximately 3
Length L o apom
i Width At 2 cm 2 "o

 Thickeess - - dmm . ul



U

Coupled with the fact that the, slide has' |
to be moved along the iengéh of the stock,
it is quite snewibenls Por any rough and

. careless use. e

,/ .

v

Dugleg : * Here the stock is formed of two
strlps held together by end caps. TQe

Vvstructure is akin to a bean, fixed

ot the ends. It is quite wesk at the
'céhtre. Dimensions of the strips are appro-

xiﬁxately — k ‘ v
;Lengfh o 30 ol . #
Wigth © 1.5 = 2 em :
‘ThiCkness 4 = 5 mm .

J

The joints at the ends are mortise and tenon,

s a0 ﬂ(lil> made permanent by welding.

ﬂThe‘basicistructure-of both. types is such
g e ~ 5'\’ e tbvgive two pairs 6f adj%cent sliding :
o " ‘scalesfon thewsame face. However, when
ﬁerfOrmiﬁg simple calculations, onlykoneJ
. pair of adjacnnt sliding scales is used,
. - o  the otlker pair is redundant. Moreover the -
e ~graduations on the'soales have‘to be small

. - ‘to he accomodated in the small’ space availsble.

o



" No
Constv"alnt

The Cursor : The cursor moves along the

two edges of the stock., The movemeﬁf/is

controlled by means of a flat-spring faste-
ned to one of the edges of the cursor. the

spring is fastened either at theJcéﬁtre or

- at the two ends.

9

When the cursor is held between two fingers

during operation a torque comes into force.

If a constraint ig offered to this torque

L)

there will be a twisting moment which might

cause failure. The flat spring allows a /

“certain movement thus removing that constra-

int.

o

The'gapialléwedffcr~the spring should not

- be too much,to prevent excessive movement

_ of the cursor around the central axis.

The torque~can bé reducedkby;reducing the

disfanee:required between the fingers to

~move the cursor. e =




3,2  FUNCTION B e -

. v}
v

 This is an analysis of the basic functions

'3

- i ef the sllde rule ~and the functions of the

o .

. various parts.

S

s o FUNCTION OF THE SLIDE RUGE

The conventional sllde rule (englneer 8 .

',slide rule ) is used primarily to perform

certaln calculatlcns, such as multrpllcatlon,’“
lelSlOn, ralslng to powers, extractlng roots,
etec., and various combinations of these opera-
'tions. The Sllde rule cannot be used for

9

: ;é&dition,andfsubtraction. i

9

 The slide rule is accurate to three signifi-

'éant ﬁigﬁres. But the major reason for the

uge of the slide rule is the speed with which
v“it‘pérforms routine calculations which woulad

" otherwise take a-long time.

} 322 ACCURACY AEIDERRORS ’ s

"The conventlonal slide rule is useful fer
o {" 1a" o computlng numbers to three signlfleant figures.
o R — } “‘«Howevey, ln_the 1 - 2 range it 1s.p0531bleJ

e to go to four signifibanbwfigures, Thus in




? ’:f ' 9
¥ o Dot 0
‘ | | . Sy
' the 1 - 2 range there is no possibiliky of
: - making any iﬁterpoiation errors.f,Again in
. ; ‘ “the's o 4 range the interpolation eérors;;,

are‘les.s than in the 4 - 10 range, /2 The .
__ranges mentioned are in case of the C and D

‘scales ]. e . .

Different ranges then do reduce the inter- °

‘polation errors‘for gsome parts of the scale.
1‘ But the use of different graduation numbers
lvitselfvleadS;td’gross errors. Another cauge

‘of gross errors is the changing numbering

 systen, , _ | .
esge 2.10 read as 2.05  due to different
e e ‘ graduation numbers.

1.54 read as 1.154  due to different

numbering system.

‘e % This analysis seems to suggest that some kind
of‘é~compromise is necessary between groSs,

. . and interpolation errors.

For an éngineeriﬁg student, who is’féﬁiliar’
.. with the slide rule, 1t is desirable to keep
o : - the interpolation errors to a ﬁinimuﬁ-beéause
'7{53, Afhevis'pnlikely to méke groéé efrors.f;But for

o : : . 5 i
; :
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v f‘a-learner in school or clsewhere grose errors
'vcaﬁ be reduced keeping interpolation errors at o
_an acceptable level. . .

3.23 THE PARTS s
Stock and Slide :  The slide should te able
to move freely, but not loosely i.e., thefe

should be good sliding fit between the tongues

~on the slide and the grooves on the Stock.

The edges of the slide and stock should match
perfectly to ‘enable the readlng of the sliding

conaugate scales.

]
W :

These condltlons are well satisfied on the

L o Pressure bu\c\s

o)  slide ? ex1sting glide rules, except in a few cases .

of the Duplex where the slide is too tight.

= This is because of the cursor spring which1

. exerts too muc@ pressure;bindihg the slida,’

'vgﬂb_such thing happens in the case of the

Mannheim where the stock has a continuous

& s ' : ,‘rlgid support, “the cursor not affectlng the
. | fvsllde in any way.
rF - . EnQ*ng' \ eeriee holding the stock, the

“end caps are requlred to keep the sllde rule
’ not

»down while in use. This is to prevent any

S damage to the cursor«and scales°




’>;;fi§{isfthereforei

L BIT he sutge

Wove freely,

f‘ﬂénti?efiength-éf thé scales,

Pa,rllpe’n(.d icwlars

‘the‘préctiée in almost

rﬁleé té give the eng caps

-} height of about Q,S‘mm to l-mm}»greater;;g
aﬁ}the cursor heighf.

,s.probably determined by ergohbmic_and/br
sfhetic'considerations ‘

. 4 :
@

ufsdr‘:f'““rhé cursor should be aple to

but not‘loosely,»along the

~ The actual, height -
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2) to align conJugate graduatlons on

o

- tyo or more scales on one or both

faces of the glide vale, = T we

- 3) to hold the position of a gr}auatlon

 while the slide is mqved tq another
 ”setting,va“ |

5k b reduce glide movements to a mlnlmum

 _by means of auxiliary hairllnes.}-

9

o  :ébmé curséis employ‘magnifiers for help iﬁ
“readihg'théféééles.i Some have the glass .

;_5ghap§afiﬁ'th¢ fOrQ;Of a lens, >

(~ﬁhé mégﬁifiér' definite1y helps in reéding“;

'f_but as 1t covers a small area, that area
gets dlstorted in 81ze with respect to the 'ffff

.Vrest af the scale.: It sometimes becomes ‘ .
difflcu}t to judge the gra@ﬁation ‘nuﬁﬁer;of

2 graduatlon 1nt&rval.‘

fS;éfaERGQN0M1c~ :

e e

;In thls eectlonfgthe ergonomlc aspects ot
Worklng wmth sllde ruLe are dlscussed.‘ Also

1n¢1uded 1s an ergonomlc analysis of the scg;es.

®




"'”}-""'\f‘ieasl,_.y-{by using twe hands, but not m.th one..

. There are a lot ef variations in ’che manipu—-

ation of hands in setting the sliae. The

- geﬁeral pfacedure is cutlined here.

- hand ‘j_nto the nelghbourhood of the desired

u! I) C Lzbrm'y.‘j.
LKLT- mw




For the final settlng,ceﬁnterpressures

7]are applled at each eﬁd with' the fore-

3 the Sllde is grasped w1th the rlght thumb

'»on top and right forefinger underneath._'




The slide has to be moved sometimes over

quite 1argé distances to extreme positions

and it becomes difficult to reach your —
i_fingers‘ where they are required.“vThis“'
‘problem is in the case of 25 cm base slide

rule, but not in the case of the 12.5 cm

base. A = ‘ =

{

v s

' 3.33 CURSOR MANIPULATION

Cursor setting is done in a manner quite .
similar to the one used for setting the élide;
The principle of coﬁnterpresaures is ﬁsefﬁl"
here zlso. however +the cﬁréérvéan.be set usihg *
both hands or only one. The one handéd metho4d

is the more common one.

+ 1The curSor is moved to the neighbourhodd

| of the setting with the thumb and foref:.nger.
— e — : & . \,/
s « The final setting'is made by 1etting‘the :

thumb rest lightly against both the cursor

i and the 10wer frame.

<

'{No partlcular dlfficulty is enceuntered in‘ 

thls precess.




tion number, the number of graduation marks,

¥V 2
) )
_ it

,_3‘.'34- SLIDE RULE SCALES' ;

”A slide rule has many compllcéted scales.,

“The large number of scales engraved on a

: ®
> small>spacq tend to give a crowded\appea—
'ffénce to the facQ of .slide rales k
The’réquifements‘cfgthe various operations

and adéuracy does not allow an adherence .to

"'f-the general principles of séale;désign;regar~;
idingltﬁe_numbe?s and;size'of scale graduation
,marks}fthe numbering’systems used and:the .

~ size of the numerals and letters.

a7

 [?-Tﬁe siide rule scales afe maéerrathef'diff14 >

cult to ‘read because of the fact that they -

gre nén-linear. On the C,D_and_other logari—

‘thaic scales the principle difficulties

| fafe in the progressive‘changes'injthe Zradua-

s

‘}changés in the numbering system along the

v¥scale and the large number of graduatlon marks.
”7  This is partlcularly dlfflcult at ‘the upper
LVf;fend of the scale.
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‘3.4 EGONOMIC ANALYSIS  °  °
fThe economlc aspects of the problem are o _

'i analysed here in relation to the condltlons

v;ex1st1ng 1n our country.

{gQ;Deeva ?vt. Ltd., in our country who have any

nﬂ"mones oost in the range of Re. 100 - 250,

e
o

@

VVThere lS only one slide rule manufacturer;

%

9

' eputatlon.if'%ey produce two models both ‘of

<fﬂWh1¢h cost about Rs.90,00 = However, Siide.

_,rules are stlll 1mpcrted and these imported

€}

& It is probably the Iugh cost or. “these sllde

x;rules whlch has prevented thelr use on a w1der

“'scale. ~Although‘it cculd be useful to a wide

”¥;absolutely essentials - i

- f to make [ about Rs.50 - 60 ] because of the

5 range of students and o%hers, it is used mainly

by the englneerlng s%udents fcr whom it is

o

Tﬁé cost of production is actually nct very
v hlgh but is stilluquite con81derable. The“

‘Deeva silde rule for 1nstance 1s quite costly :

5"follcw1ng processes .

7 l) The s%ocks and. slide are machined -~
v separately and then assembled, Thé

"assembly is a process requlring ccn81de— '
rable skill becauseﬁ¢hedgraauations have

v



?; : J }:; 'b3. v.;f, & | ‘  - ‘f ,;7 ﬂ, f 9 i..

to be matched, T
. - . 2) The markings are engraved and then
£ £illed with ink., This is done in —
two colours. The engraving ‘die has
. to be imported and is therefore very

9

 expensive.

. The maﬁteria;}., used, ?Vckand the other injécfcion
"”[-;ifmoulded c}omponents: g end - caps and curSOr ] -
< donot ‘ccé‘b'muéh. [ About \'0"/9 o-F the ‘tofto.\ coil

el Tl Pt g
CToatdeg Aii‘--COno\L‘tioned Mo),[SQf;

S s




- zize to' thé comparatively small slide rule.

3,5 ANALYSIS OF THE CASE

O

- In the blow moulded type of caée, a greata-

 attention is paid to the details to facili-

i @

 tate the insertion and removal of slide rule.

,f%hei¢asehis in‘tws‘piecesbwith one fitting

© T

' over the other. The cardboard cases are

', also;generally of this: type.

The leather and other cases have a flap at

the end. in these cages, there is no separate

prov181on for the cursor with the result that

the sllde rale gets stuck sometlmes and there

VO i

;a‘p0351billty of damage to the curs or.

In moé£~df'these storage cases there is no
prov181on for carrying the slide rule whlle

on the move.v It 1s_generally/held in the

: hand‘along w1th the books, etq.; by‘students.

U =

f’@éparateAleather cases are available with a

strap to hang over the shoulder, whlch are

s

provmded by the dealers. These leatherr

',Caseg'carrywthe»sllde rule‘along wiﬁh its

original case. This gives a rather monstrous

=]

@



3.6 THE CIRCULAR SLIDE RULE : An Analysis

The circular slide rule functions like thes
: bt o
straight slide rule. But the scales are

L]
continuous, and therefore there is no need
to reset as in the straight}type i.e., bring

the slide back to position after operation.

The disc calculators can be quite compact,

and in some cases quite inexpensive,

There is however a major drawback in this ~
design . The graduations lie in a circle

at varying angles to the eye which therefore

]

- has to travel in circles when‘reading tha *

scales. Thig not only makes it difficult s
to read but may also cause eyestrain with

continuous use for lengthy periods.



4.0 = HYPOTHESIS .

¢ ©
<

fAfter‘ayalysing the existing ébnventionalén;}/

[ 4

slide rules and determining the requifément§
of the desired solution, the problem is

o

examined here again.

© @

Stock and Slide : If the slide rule is to
be used by schoolchildren, it is likely to
 1be‘subjected to rough use. Therefore, the

~slide rule should have a sturdy construction.
‘ ; .

It would be unreasonable to expect the school
shudent to hold the slide rule in one parti~
cular manner.' The requiremenf'then i; that
it should be possible to hold the slide rule
: iﬁfany~convenient menner. There might still
be more efficient ways of holding it, but
 £ an& variation from those shouid not erfect
the basic'operétions. .
‘Thé.new slidé_ru2e‘will be principally uégd
.fér diVisionlaﬁd muitiplication. The scales

. provided will therefore be such that these

- basic operations can be carried out with ease.

. i
W

Too many scales are not required here, as :
"df;ftheir use, if at all they are used, will be

]

L



very rare. Therefore to_reéuce‘ the
confusion and present a comprehensible
= graphic;léyéut, the scales wiil‘be rggucea /j/
to the minimum, v . ;
‘fscales :  There will be only one pair of
adjécent sliding conjugate scales, C ard D.

There may also be some fixed conjugate scales.

yﬁf“In the design ofrthe scales theméélves, the
jwhréqumendations given in the texts will be
‘ foiiowed as far as poésible. Some Stuaies -
 ;‘have been publisheé2 concerning the design
%’of,slide rule scales for schoolchildren.
rlThé solutions and recommendations offered -
in-these’ studies will be considered in the -

new design.

Cursor : - TIn the design of the cursér, v

- is imperitive to ensure that the cursor

' performs its vitsl functions. The provision

~of auxiliary hairlines indicating constants

. might not be nescessary here and in fact, may

51

;abe quite undesirable to avoid confusion.

- Case : The slide rule should have a case

‘for sterage. The case need not be a sophisti-
' cated moulded one. It can be made from fown  |

. leather or cardboard covered with +texine .



o

There should be a provision“ for the cursor
to fit in easily. Insertion gpd removal
of the slide rule should be fairly easy.' f/

9

If possible some means of carryipg it while
on the move should be'prévided. " This could

be a st?ap or clip.

@



‘5,0 DESIGN

A number of possibilities for the final °

Clene o

golution were examined, some of which .

',aré-?reéenﬁed here very briefly.

First AlterngtiveA: This is a modifica—
. tion of the conventional Mannheim type of

" glide rule, with a solid back to the stock.
The stock can be held at any position. The

scale length is 12.5 cm, to give a slide(

g

rule size which can be handled easily even

with small hands and is handy to store and

£ GaATTY. : ; i .

It-is to be injection moulded . There will .

‘be separate moulds for the stock and the |

slide. For ease of moulding the stock“hés

| been given a section to make the wall +hick=

‘1uf€;i”' nesses uniform. The back Sidejis therefore,

not flat.

o

‘*‘ﬂ{ — 4*4;:_{,Secong Alterngtlve : Hére théISlide rule

7;‘13 made in two identlcal parts with one part

I“——-—:S\ —"f

“'Qslldlng over the other.

’ru:o .[deﬂt('ca.l‘ 2 | ' .
. parts !‘ “This d031gn provldes for two pairs of adjaeent

ars B slldlng scales, one on each 51de. ‘The two



_identical parts have been given to reduce
- ‘xhé cost of manufacture. It is to be injec~-
. tion - moulded. s

'ifThevsliding joints are such that there is

o ‘underent 1n the mquld: The joints hold
‘;i§£e t%o §afts togéthéf perfectly in only one
- diréction. The cursor has tc-péfform the

2 function the nolding the parts together also.
i Thé*éiie chosen is:the 12.5 cm scale here

- also.

&2

 Third Alternative :  This design is

. “faerived from the previous one. It has two

RO

identical parts. But the sections have been

'J\“ﬁi e 'designed.for‘extruSion or injeétion mculding;. :

o Tw !&enhcdl : 4'; i 3 : - ; = : ;
of¢ng | Dovetail joints are provided for the sliding

'%M ‘fif;ywhich‘éfe;sufficient to hold-the “wWo

 ¢ f" e ?T;~T;t:parts together; _A groove is provided for

i . hhie cUPEEP, o

' The size chosen-is again the same with the

_12.5 cm scale length on the basic degade;‘

- f .@ét‘o;}\s_ ate vo\ésé?,ibe~c\ in ﬁke" oLf&wian
v = ,‘ ano\ ,"—U\e' “Fo\\é_winjv_ ,e‘e;%'e,s.}]“‘,‘ i




5.1 BASIC, FORM

{identical parts, one sliding over the o%her_ J

i é;j*A'typical face of a slide rule has the

: . S
LA ¢

The basic form chosen is that having two o 7

(57

(rhlra alternative). The form is evolved

‘ from the conventional form in the follow1ng

manner.

~  31; The conventional form has a slide moving

- in the stock offering two pairs of_adjacent
".v sliding scales. In accordance with the
 present design requirements only one sliding

scale is required.

following scales : ,
Upger stéck i E(x?), ete,, and A(x2)~
B(x%), ¢I(1/x), C(x)
D(x) v BuBa, ebos

oo

Slide

80

~.Lo$éristobk _

~ For the present problem only the scales necessary
i for basmc operations [multiplication, lelSlOna.
-squares and square roots, and combinations of

"ﬁ,[these”],are required.*

Tﬁree scales aré provided'on the conventional

"sllde which is about i. 5 cm - 2 cm w1de.lFor

;the scales to be spaced out for ease in readlng,7'



‘itureq It is in two identical parts and thérefore

o extrusion moulded.

- Ll ;
T
K ey
the slide will have‘ﬁo be much wider
[about 3 em ], inereasing the t?tal width
. of the siide rule. | T
| 2 ’ ; =
These two requirements lead to the present
form which can be considered, in terms of
cohventional designs, to consist Sf ; :
1. lower stock ‘_ ¢

2+ expanded slide.

3

It can be’argued that the requirement of one
pair of adjacent sliding scales is no constra-
 $;_7 int, since héving two will dd no harm.’ But »
:«‘?f‘ﬂg%ing the secqnd pairrwil1 ac%ﬁally dyaW‘the
‘«ﬁ;'uSerﬁs:atsention towards it. It is desirablé

: ‘%hat there. be no distraction from the_fundémeﬁe

tal pair of adjacent sliding scales.
The form a1s6‘offers an advantage for manufac—

= 3

- reduces mould costs, whether it is injection

9

o

'fQIn ﬁhé final'section‘detéils,-care'has beeﬁ ’

!nyfféken to see that Wail'thicknesses are kept
~ #niform as far as possible to facilitate

Andie e o



5.2 THE CURSOR

The «cursor is designed for injection %oulding

: : =
in aerylic. The spring will be supported ati e
the centre. There is no need for fastening v

9

the spring.

The cursor is supported at only one end and
ig therefore akin to a cantilever. The shape °
is such as to reduce the weight towards the

top end [actual weight and visual weight J.

S+ BIODH

3

Stops have been provided on the face of the
;SIide in the groove for stopping the cursor .
’and\the slide a little beyond the extreme | N

positionse.

The stops on the face are also used to rest
jhevslide rule when not in use. Their height
is about 0.5 mm more than that of the cursor

for this purpose. , s

The stoﬁs on the%groove for the cursor don't
}Qéver the entire width of the groove but only
' Malf of it. This facilitates removal of the

©

cursor when it is required.



resting on the_palm.‘

i by

5.4 ERGONOMICS : USE

9
@

The sllde rule can be held at any p051t10n.J S

The stock can be gfasped with the thumb at |,

‘thevtep and fingers underneath or can be held

4

e (]

Setting the Slide : The principle of counter

9

pressures is used here also for efficient setting

of the slide. There is no problenm o; the reach
of the fingers in this case. The general prOCe?
dqie may be h .
. The slide is moved into the neighbourhood

of the desired setting by pulling or pushing.

For this, one can hold one end of the slide

@

between thumb and forefinger, or rest the

’ foreflnger on the top edge and grasp between
‘thumb and middle flnger.
i For the final setting the slide can be

: moved in the manner described above and the

counterpressure applied by the thumb restlng

on both stock and slide with the fingers under-.

:

‘gneath, or

®

The conventional manner in which thumbs

‘«ana forgfingers are used can'be'used tq'set

 the slide.

o
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Setting the cursor : The final setting

of the cursor is also done by applying coun-

‘ e 4
terpressures. The two—handed.or the one~ /)
> g

handed method can be used.

o »

When setting the cursor by using thumb énd
forefinger, the torgque is reduced: because
the distance between the thumb and foreflnger

ig less than in the usual case.
5.5 SCALES : Graphic Layout and Ergonomics

The scales have been arranged spaciously to =

}present an easily comprehensible graphic

layOn"G ®

9

9

The scales themselves have been designed w1th
a constant graduatlon number‘~ It is not
pos31ble in non-linear scales %o haveiboth k

graﬁuation numbers and graduation interval

9

, 3constant. A constant graduation number would
ﬂ}ﬁacllltate comprehension., This woul& reduce» L

gross errors, w1th a slight increase 1nterpola—
’ 2
tion errors thu sacrlflclng some accuracy.

9

- There are no numerals on the intermediate‘marks,

for simplieity. Also, they are of no help in
reading.
-~ The sizés of the marks and nume;als have.been

9
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. chosen in a way that they can be read easily.
i L 2 ’ s _ ' ’ . S
; G The process uses for printing can be hot P
- - , , : ; ;
% embossing, which i8 not very expensive. g

ﬁowever, the desired accuracy of p#inting
e may be difficult to attain.
Plastic coated paper can be used which is

~ stuck on the face. Steps have been provided

| to fif the paper in. 9

 The case is to be made in foam leather or
 ;1PVG'cloth; The cursor fits into the space
proqided‘gor it at the top. k

faY~A cllp is to be provided so that the case can
be clipped on, to the trouser, belt, trouser

3

'pocket or even shirt yccket.

O

-

There is some difference in the designs for
flnjectlen and extrusion moulding. and [The snc—'

“tlons are 1dent£§al}.v ol

‘xInicaSe of extrusion, the stops on the face and

s }:f?¢ e groové are to be separately injection moulded

and then welded.‘

¢

‘;'ﬁIn 1n3ect10n moulding the material used w1ll be‘
e h D ABE, . while extru31oan111 b2 1n pvc‘;) '

© © .
: Sy
i . . ® : Byl

o @ : =y » ' . - : J



bl

 ana good abrasion resistance. =

and ease of moulding.

‘uthough it has been said that the two parts
are 1dent1cal they are not exactly ‘identical.

There lS an addleional groove on the stock

= sllght change will have to be incorporated in

the die for moulding.

) J

- n 1ngection moulding, the undercut dovotail
section will be provided by means "of a hydraull-

Cally operated side core. The hollow nortion .

5 5; 1s obtained by means of a separate part which

ojbe inserted after mouldlng. (Refer the

drawings)

' All the parts - stock, slide and the two parts

for making the hollow sections will be moulded

in the same dis. = B

o8 g

ABS has been chosen for its balance of critiCal
nropertles - strength, dimensional stability

Z

&)

ﬁor extrusion, PVC is chosen because it is
fairly easy to extrude this particular section
in it.4 Besidee it has the required strength

o
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