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are the one written by Brodetskyz, professor of applied mathematics

3

at Leods University, and the one written by Mackey“, Assistant Pro-

fessor of Heat Power Engineering at Cormnell University. Almack and
%

Carr? have also written an interesting article dn nomographys, showing

particularly how the nomogram may be applied to the field of eduscation.
NOMOGRAPHY DEFINED

Nomography is the method of solving equations of a given type by
means of a one graph diagram. Ever since Coordinate Geometry was inven-
ted by Descartes, the graphical method has been recognized as an impor-
tant means of arriving at the soclutions of various types of equations.
However, when equations are solved by means of this graphical represen-
tation on a plane, the number of variables which can be used is limited
to two. Also, such a method involves considerable inconvenience, for
when several equations belong to a single general itype it may be necessary
to construct a separate graph for each equation. In nomography we have
a means of getting around these limitations. By this device, not only is
it possible to find the graphical solution of equatibns in which the
number of variables exceeds two, but one graph may suffice for all equa-
tions of a given type, even though they be quite complicated. Take for

example the formula for finding the number of calories of heat produced

2 5. Brodetsky, A Firgt Course In Nomography, London: G. Bell
and Sons, LTD., 19235 .

3 Charles 0. Mackey, Graphical Solutions, New York: John Wiley
and Sons, Inc., 1936

4 John C. Almack and Williem G. Carr, " The Principle of the
Nomograph in Educetiony in the Journal of Kducational Research,
Vol. XIV, December 1926, pp. 340 ~ 355




when an electric current is flowing, namely -

H= .24 12 R ¢

where H stands for the number of calories, I the current in amperes,

R the resisAtance in ohms, and t the time in seconds. If it is desired
to f£ind the solution for a number of values for I, By and t, it will be
convenient to have one graph which can be used for any values for
these variables which might occur,

Likewise, this mame principle is applicable to the various alge-
braic equations and formulas used in the fields of science, educa=
tion and industry. The nomogram is a certain, easy means of solving eq~=
uations and proves to be helpful wherever the same operation hassto be
performed a great number of times. Calculations, which ordinarily would
require & thorough knowledge of mathematical facts and principles, can
be carried out by those whose working knowledge of mathematics is very

limited.
NOMOGRAPHY EXPLAINED

In constructing a nomogram for an equation with two variables a'
and b', two graduated straight lines (a) and (b) are drawn in such a
wey that, if a straight line is drawn joining the graduation a' on
scale (a) to the graduation b' on scale (b), the line cuts a third
graduated line (x) at the graduation x', where x' is the desired result.
The lines (a), (b), and (x) may or may not be parallel, depending
largely on the type of equation for which the nomogram is constructed.
In this study all but one of the graphs are of the parallel line type.

Congider, for example, the nomogram for the equation x = a + b
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in Fig. 1. It is recognized that a nomogram for such a simple operation
as the addition of two quantities is porhaps of no practical valuej
however, it serves well to illustrate the fundamental ideas of nomography.

Scales (a) and (x) are graduated from +10 to ~10 while the (Db) scale



is graduated from +20 to =20. At first 1t may appesr that, under these
conditions, only small values for a' and b' might be used, and that if
large values of these variables were involved, extremoely long scmles
would be required. This is easily disposed of by taking out a common
factor in some multiple of 10. Suppose that the two quantities, 255
and 492, are to be added. The point 2.55 is taken on the scale (a)

and the point 4.92 on the scale (b), and the result, 7.47, is read on
scale (x). Therefore the sum of 255 and 492 is 747. (See Fig. 1)

Very small quantities mey be added by a similar method. If it is
desired to find the sum of ,0175 and .0337, the point 1.75 is taken -
on scale (a) and the point 3.37 on scale (b). The straight line which
Jjoins these two points cuts the (x) scale at the point 5.12. The re-
quired answer is therefore .0512.

If the quantities used are both negative or if one is negative
and one positive, the method of procedure is the same as that just
mentioned.

In the case of multiplication er division of two or mors variae-
bles, the nomogram proved to be of considerably greater value. The
general principle for the construction of the nomograms for these op=-
erations is the same as those for addition and subtraction, except that
the scales are logarithmic scales. In order to find the product of two
numbers it is necessary only to add the logarithms of the numbers o
get the logerithm of the product; and to find the quotient of two
numbers it is necessary only to find the difference of the logarithms.
Accordingly, the nomograms for multiplication and division are really

nomograms for addition and subtraction in type. This is illustrated in
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Fig. 2 which is a nomogram for the equation x = a b. Here scales (a)
and (x) are graduamted from 1 to 10 while scale (b) ie graduated from 1
to 100. S0, as in the case of addition, if it is desired to multiply
43 by 26, the boint 4.3 is selected on scale (a), point 2.6 on scale
(b), and the product of these two numbers is then given on the scale
(x) by the point 11.18, and the answer is 1118. The same graduations
would be used for any other product in which the factors are numbers
having the same significant digite, 43 and 26. As in using the slide
rule, the position of the decimal point is decided by a rough check.

Congider now briefly,the case of successive multiplication or
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multiplication and division. Fig. 3 illustrates the nomogram for the
equation x = ab/c. Here scales (a) and (x) are graduated, as before,
from 1 to 10, scales (b) and (c) are graduated from 1 to 100, and

scale (ab) is left ungraduated and is used only as a reference line. In
a case such as 1s now being considered, we find first the point on the
reference line (ab) whiéh is the product of the value given on scales
(a) and (b). This point on the reference line is then taken with the
value on the scale (¢) to give the result on scale (x). Consider for ex=
3522;$9, The point 3.5 is located on scale (a),

and a line is drawn through it and the point 4.0 on scale (b)«This locates

ample the equation x =



a point on the reference line (ab). The line through this point and
through the point 2.8 on scale (c) determines the point 5.0 on scale
(x)« The solution of the equation is therefore x = 50.

Although the nomograms in this study are quite varied in type,

the same general method is involved in their application.
ARRANGEMENT OF MATERIAL

The subject of Physics is divided into five general divisions
and the material in this thesis has been arranged with these divisions
. in mind, giving one chapter for each division. The Physgics texts,
which were studied, varied somewhat in the order of the arrengement of
material and'the arrangement followed here is that used by Henderson® .
The reeson for selecting this particular text is that it is the present
adopted for the stste of Kansas. The order is as followss

1. Mgchanics
a. liquids
b. gases
¢. solids
2. Hegt
3.. Electricity
4. Sound
5. Light
In Chapter VII are supplementary nomograms for a few of the more

common equations. Although these are not specific formulas of Physies,

the author feels they should be included in a study such ag this.

5 William D-‘Henderson, The New Physics In Everyday Life,
Chicego: Lyons and Carnahan, 1935




CHAPTER IX

NOMOGRAMS

COVERING THE DIVISICN OF

MEGHANICS



10

by T by bttt oy v s by it biaty

L
~ o~

(0N
< g

3.5

L

=+ ® b G
RS NETRTIRAINITIET

‘n

Y ~ vo
wliad el b1l

-

o~
:{rm:L

L 1 n ‘a ~
e T m AW 2 S e ™ W L % m o <
Lbelevsdegefopabprav oo g pumpintsnte s bippnoluitr st sl eiatsd ity s fpweetserdagnal it _::::L:.EE_

— o~ do ™ 9 9
M~ BAENARNEEEN TN ST ot

ta s ‘o

b

- * * N ™ « 3
abrvdveea b g i b v v boropoan Jypaaairdy

‘o

‘o

-

bever e d ol

Fig. 4

=DV



-3
& =2 o g -

Cﬂ

ot
O
<+

LEAS LALAS BN NLAS IO IR L D L RN R RN LI S]]

@

g
oy

LB DA IR L AL BN NERS L ML S S R

N

2‘5—

AR B RER R b

o)

fyrrryrrrt
(<]
It

lllll
=
Ty

e 3 = B

TIVITITIT vy

=
i
N

O
==

s~
“w

b
o

l"'lli"Tllllll‘llll |||ll|1 T3

~3
a0

'l’r‘l'] TV Y llTI‘lr‘ll'lllllll LI IR |

oQ

TTTY
1
el

o)

Iill"llrlll

~

= presgure
F = force in pounds
= drea

TITTTTI] oy
2 =, -0 it

(-3

=& o
b

8

m
ty

o

L
wy

H ITII ¥ lllll‘llII'II'l1||llllIIIIIl|IIUIIlIIII'|Ir T 1L 7]

2\

T T T T[T Irre]
™~
[TS

1l



13

— - b -
-SSR N U NN R

-6'

™

SR

4
$
prbvirg bt el

‘o

o .
Jh___JP

SN
ST RETRENEENE NENN

]
=2 -

Ll gttt et vt vty ol

] s \

S ™ E N 9~

it bbb narbibinbi

N 3

-~
Doaassbot st 111

2

Al

Q b s O T Ko™
clpntboed s trt e bl toadeld

~ — [~ ]
Sl ntbhibbnuul i

o

-— -

Ml Lo vl

1

] 3 «©
_:::_EV~ h_.,:__:_

o o
v > %
NSRRI NN

s

ploubitl ol v Lttt !

A\
—..M EC] o [\ [V ~

£
=
o
w4 o
(ol e M~
L OO0
Qg o
i
n o



13

+
- -
~ ~ o~ ~ ]

\ \
B N ‘e e ™~ - 2~

N be

(u/unl

Sy S

Si{gteteb bt bl lunbead 14 —._. el -»L..L._ _n_.w._ _L._._._...__.rn—:.-_.:._::— c1aly ITINANANY “-.._

—_— g~ tm I~ =3 n

duhﬁwm TR - ' —-.-n—-:.—.hn-.lm— Lil —-—-—-:-—-_.—p_hx—b_hh

Va

LY

1
™ n o™ N v - oo

1
hd
-~

—

Ln—._-—u-—.—~n._ 'R | -_-:»n:-—:..—..;—.-_-._h—n—_-— 1.1

L

-~ o had e~ ~9

2.
'

)
P G P = < o~

L} \
) ~

N

3
-

— ]

NI RS NN T T TN I P I T NS P TR A TN RIS AP AT S A

[y 3 flv ‘AJ ' —
- - & o~ T p = < 2
FHZL__NW__.—.:L:.L..:_.:L._..___fpﬁh._._.-..HnbbP__ tovr larev et eba b sty ool -

7
F=aghd

.
&3

i

B

F = force



s}

-~

~8 ~5
'l‘!‘i‘lriﬂ
ltlir{T[}'—l§

il[llrjl[T‘[qu

Ev-. N

g :--! /.4 :—AJ
- 7 -7 —2 ::’2
- = C -
3 3 -2 Foag
- =y - -
E - -3 -3
=23 =X 2 3
- - 3 £~
sy C_ 4 :.'_4 E__’/
= . - -
X E_«é' '_'__5 ;5_
o o o "
» X 7 -7
- [ = -
25 34 -8 . 5
- - =
n - 1 E/
—3 — 3 - -~
R B 2 d
- L o i’_
‘—-2.5- --.2.: 5_ l'[ - l‘f
- L E- F_"

LX)
T
N

-2 2 C25 Fas
- o I =
- - = 4 E_y
t—-/ﬁ.ﬂ' —/.4 - o
- N s s
E N o -
r—- b— [.L [C.¢
= » E_ E_
F - _"7 :-7
[ N - -
3 o
- o :_:'7 E?
—/ —/ e/ oy

Fig. 8

P=fAla
= force on large piston of hydraulic press
force on small piston of hydraulic press
ares of large piston

F
£
A
a = area of small piston

i ni

(24)

14



5

|||1(||{11§)

1

l
~
(2

[ )

TV T T[T IqrI?

tlilll
N
=

w

|7||l[lllll|li|
=
N N

AR

~

SR LR A LR LAY AR R R RS Al
&=

o

~0

[TTT7TTT

~

=

ll

- - °¢ & —

<y

IR LS AR R LR RA 1!

-

oy

1

N
8

| 53

MM NE LSRR ERR RN LAl L
6]

][Tllllll'l'llll] TrrrI ]t

& NN %9 D ~

vy

Illll'lll’l' TTT 71Ty
<=

w

Jrers
1

g
[

Illll
N

5

{l 'l]'lll‘lllll‘lll]l

/

Figo 2

8eGom= W'

S.G.= gpecific gravity of object
W = weight of object

W'= weight of an equal volume of water

15

~a

'lll]ll‘lirqﬁ
[ ~

~

w2 T

\t

w
‘n’

)

LN B Il 173 1 I,‘T'lJ‘I'Il”,l”'ll”'ll””l””
N
(h’

1

|
b
(N

.0

~
LTS
i

]1’]]1]]]']'!],1{!'1![7

rI



-~ a g &

v v

L—l :'*l {

-9 -9

g 3 i

= =

: ==

- 7 _: 7 2

E 3 25

=6 = (

C - 3

. =

_-'-'_-5 E- 5 4

o o

=2 =45 5

C 4 - ¢

- —

r - 7

C 3.5 3.5 J

- L.

5 . 9

. . !

25 25 o

N N 2

o - 3

~ - 4

/5 b /.8

. n 5

— ) L

| - 7

o - ;

- 9

L/ e / I

Figo 10

V= VPP

V = first volume
V'z gecond volume
P =

P'= gecond pressure

L)\

\'oh\lc‘

Oy

(V'p1)

16



L

15

|lTTl]lr]l

1

]

' L R DL l
»
(TN

(1Y

o
oy

=3

RS
RO

[l

<

-

Y

'—[ll]Tll I T T T]lllllullllluT(l'll'lll1'1rll]lllll | BE R )

v—

o,

e}
B HH

distance
rate
time

-—

3

lu]l|l||‘lll][gl[l[ l‘f -

L 3

g
&

()

=

‘ﬂ

T TTTT YT L RRALERERLY ERELEN B

~ 0 a g e

| SR R L B I LD JE B Il|l|l|llill' T

»

b
w,

a

B3

<

| b R AT I SRR B L B N B BN EILANRERS SRR I
EJI

~ 8 wa

Fig. 11
d=rt

T ITT L) ‘ llll[ l!II1TT"l’ll'lll’ll]"ll‘llll' .I T 1
<x,
oy

—

TP TR o
~o

oa

X

&~

%y

B -

[
he |

w

L5

LB SR BN LB BLA NLAF BLIV I B ¢

kY

17



lllll]ll]llll\l[T'l!llﬁ4
[y —
{

]
»
(.\l

]llll

“

£ ¥ “
Lo T “

o

6

~

[}

~n

] o

o~
b

N

LI AR50 RERE IR UL N

Tt
»
01

TTT

1
[

- g e~

LLS R B S0 I LS LA LI BLN SR RN AR IR RARAS

-—

IIIIFII'II_I'TIT’I TV 11T l
& -~
wy

R

N
oy

(21

=

%

18

-~

= ~0

]lllll[lll[‘rjp

~

&=
oy

=

2
oy

) L LB ] ,llll ]Tlll,ll!llllllllill'llll!llitilllj

!

L 30N |

N

&

l‘l]ll‘il‘lll‘ll|l

IR

—

IRERARARE [l|uu[]ﬂlllllllllll]llllllllllrITT'l LI

{‘{lilr{]l]lll]l[l]l[l T IIII'IIITTIII'I

-_— 0 Da ~3 &

P

Fig- 12

Vmat
V = velocity
8 = acceleration
t = time in seconds




Y

1t
[
:-:;:"3
wiN
I
Nig
2
2
o
i
£
- .4
S
-
A
- L
-
L
t L—-/
il
- T
Y
Nm
-
L 7
L E
e
» Yy
EE
: 44.5’
5
- B4
[ Fas
-
[
V = velocity

ok g

nu

acceleration of gravity
time in seconds

Fig. 13
V=gt

19




-
| Jtn

- 9 -5 —

-

1

O

~x

QG
\
11t

»
o

5 X
Lo aaa il

oA O T
Illllll]hhlnhl (I I |

o~ 2

.lll

LV

L3

)

A

Ay
(™
Lass bevpalaes Drese b daningl

Illllhlnhn}llmll Llaiblinhiy l”ll i

.?N
L

o 2

o

~0 ~—

o)

I'll‘l"l'|r1;+

-~

T~

X
C-\‘

lllllllllllllllllllllrllllr]ll

~&

TTT T [TTITITTT
w ta
et

2.8

l‘lll[rl'IIIII]
t V]

13

‘lllll!ll

distance
time: in seconds

accoleration of gravity

Fig. 14
8=4gt?

20

— JL 5

L 32.4




~ DR 3 g~ 1y

N

AR LALLI REELNR N RS B B 00 B Illjll‘i‘l‘l'l'l @9

(S

PR Y U N S -3

™~
oy

&

N

<

o @

et
—_—

it

—

N

b
oy

Wy

% =

RN I L A R R R AR RN LMY R L R R R
&Y

!'”"l"l'rl’l'l
~N0 a3

distance
acceleration
time in seconds

Fig. 15
8=+ a $2

-5 —~—

o

1T!l'llt!{"19

~

€~

=
II"

]]'||]IlI'VI'i]il"]ll][l’ll{ll'!l

S

o
wy

|rlTrI’I'T“ﬁl‘
» Wy
CJ‘

N

II]I}II1|!II[III|II]]||I
&,

~——

21



8
D
t

=
=

18

-

2.3

—- P -3 &~ b}

Fig. 16
§ =D 42
total distance

distance an object falls during the first second
time in seconds

_2

—

o)

' U L L L ]C’
-

~3

[

“ f

=Rz
b

l 1) lll]lllllllll‘lllllllrlllln

==

w
“

L)

]
o

-

1.3

|]1T]llllll‘l1]|]llllll]llllllﬁllllll
1 X

Ll



-~

~ Lo N
ulLLlllelyl|'<

- Oy o~
-

bt a b aiaa b I'lIlllll!ll!ll!!lll!lll;l]l]

>
&

~x=
wa

1)

AREEERERRLELEEL I

L
&

1)
&

4]

A
[78

»N

pladatatal i Ll

1

Gl bt

™~
1N

[

v2 =2 gs
velocity

o

nnu

acceleration of gravity

3



w
n

x

=
\P\
IATINE NS RTRE "

0~‘

b
S

'S
N
Il bt

) ° ~

-~

~
0‘

fe
N

u

Lebpetepd et e b bo bt b b o b bova banat o 11 Lo

W
@«

=ox
w

{Tll]lrﬂ—lll!l l] ITIlil IT]"%
=

=
-y

L Rl )
[

lflll[ﬂlllllll
~3

T

g

~a

~

AN RERRRER

L5

[T T T T T Q[T T[T T[T 1]
p XY

R o=y
o

i

forece
wolght
acceloeration

acceleration of gravity

"=

i)\
hv

[T T o

5

b
o

G
Ra TR S
91

lllll[l”l]ll“]”ﬂ'{ LN 3L 1Tfr
Y

*x
°i

o~

A
=
Lo

o
h 3

~ o9 3
w
&y

U L R R AR NSRRI R R

~
[

[T ]

>~
vy

[ TTT T YT TP TITTTITIITITIT

b
&

I

Scales F' and 32/g are
not used if g = 32. If

g is some other value,
find first the value on
scale F for g = 32, then
take this value for g on
scale 32/g to find the
desired result on scale
.

L
*

6.1

>

izlil!l]TlT]TIlllllllll]

l"lllll‘]]!]l]l‘ 7T II l1lill[ll”rrlrfll LI IH'll[lll
~

~ % q 5 &

!

Fig. 18

F=Wea/g forg =32

B
L

5
~N
g

— 3. %

|__32.8



"l'_lz

- -—
=

& N oo o ~

R RREEL
o

~
oy

~

W

o
O

IR RLLEE RAREN LELLE LY

==
oy

O &~ ) vo ~O -~
N

~=
w

b e
(TS

]T]lTIf!lll!]lll]l[l, 71T lllul,nuluul CITTTTITTTTTTTITIOTH]

- 2

Illll lllll]lllT]_llll

6 N e

_L'D
0'.
»

]

R !

L5

o
=

t‘u

1

.':
x

&

[T T ITTT]

TTTTTITT7]
II Il]lllll‘I'Il]]I}lI if[l]lllll"ll”"l' LI IIITIIII]—I_]TI””H’

S~

]

- Fig. 19

CoFe = My%/r
= centrifugal force
nass
velocity
- radius

b~
=
=

(M/r)
-

25



l'llu‘n -

~0
w

L |
‘llﬁll(l
XY

2

v

pndoobdoednel st it liig ] &
ARERRULLIULDL

o)
o

|

o

B3
o

I—l_ﬂ’l'l’lllll[nlll]lu'u-l] T I.l Illll l_]‘lll||l|||

N

-

S
Ty

(]

A BN EIEEE NN NS

1

b
LS

T T

N

]r||,‘|||]

l'

—

™~
t\'

Lottt SIRTETIT N |

L LA

~

M o

26

b
-
&

N
I.',

™
v

&~ N w2
1 11

N

“!

-~ Oy
L]

[N
|
N
Q

w,

[ ]

-~
oy

| 3157

Cﬁ_‘\d“"

o X

Fig. 20

.

= time of one vibration of a pendulum
= length of pendulum
acceleration of gravity

I



3

l'll]ll‘ll'ylll‘lll[l‘l

»
“

w)

W
LN
[§

3=

=
“*

[

~

oQ

-

[lll]l]lll] l!IIll'lHFllllllllllllllt[TﬂTlll'I‘T ] lll TT T 1]
L5
1

S—

b
LI I |

o

&= oy N

e

-~ %9 3 &

LLERAAS R B RR AR RS LN B "lllll['lIll]l'll T l'l'!'l‘l"'!'l"'! Ly

r

el

A RULRERI LD RN BN B I | AAALLLAL L AR RN B RN MM LLLE LN 2 RERE B0 B

-_— - a3 &

Fig. 21

W="Fgs
work in foot pounds
force in pounds
digtance

TTT T ITTT T T ] wg

~

S0 S T O T LN LA TR BN N R I y“, TTT T [P P [T T T Y ITI[TIT I I T[T I T T ITTTY

-~

-~

L

[

b‘

&
N
i

-

b
t

L

»
3

™

™
W

T

I

a7



X

(ve)

—~—

v
a - -,

™~ -9 “ X - ™ LY ™~
| PP StIITICNITINIRESENENE ENE NN | Ll 11

NI EENENE N R

P o
S EINIRR A NN

LY

Fig' 22
P = Fa/t

= force
distance
time

P = power

¥
8
t =



(Fs)

HEE. SEJ r~
3 =
mad X
3 ¥
K
—{ 56
E—_q :L-"'

L]
-
)

q

’I||||l|ll‘u
=

[-aY
w
°1

o B
lllIrTﬁll
w

*x

o,
»n
Rl

IIT]llll]l]xlllllxprllllnxl T 1‘(11 T

T T 1T TT1 T
| I Y
oy
l‘l‘rr]rjil LB
N

(911
&

!

N

I:T l I ] T r1 ‘l !

‘Tf‘] TT1 11

H.Po= Fs/550 %
+Pe= horse power
force in pounds
distance in feet
time in seconds

H

H
F
8
t

i



J
i.

=]
—e

!1111_‘]"«T_r]l|rlli—ll(71'l

g
iy

|8}

ta
[P

-ty
BNy -+~

lllf]lllll]flTl]l‘Tll! lllr

ol

TV177Vvit lT“|“"‘PlI<IIIﬂI
~

2

]r‘l

—~—

P.B.= potential energy

W = weight
h = heigth

-

—_ D A

S

—_— - o I &

Fig. 24

P.EBe= W h

30

—

-0

~

|-'H|lln] L [r| 717 !S
o

[ ]

lf‘lTl
1

]'IIIIIT'II
N o &
[ v o

L
\

w
[

«

]

ad
-

lTllllllllllllllllllll

N

I,ITIIIIIIII

~
L5

[T T T T T

S



4
O
}
9 !
8 9
7 ¥
6
5 7
4 b
§
"
> 36
1.5 3
4.5
'
9
1§ *]
7
6
& L&

+

nmags

KeEe= kinetic energy
= veloclity

KeEe = 4 M VR

Ilr11||lll'lmlll_fl

I

&
La

ll‘l]lTT{ﬂlg

[T VT TV vl TTT
N

L
u.l

IT—IIT
w

]_I—_' ¥ 'IIH]HTiIIIII
~

T

~Q

[

~—

~
o

t

[¢4)
o

=

=
p\

%

[~y

°Q



w
1k
]

<3

l””"ull T
w ™

b LS LS R BLE L WAL
RN~ vow

T
Is

llllll\l[]’
N
S

LY

w

-

~ 9

L I T Il'l[lll‘l‘ T llll'l]lllllllllllll
£

[

Illl"ll_'j

> N NN
Lo

PR - T o

W

01

[ .

'l'l I'l'l' lTlnllll'I]llll‘llli
-5

Fig. 26
KoEo= wvz/zg for g=32

velocity

«Ee= kinetic energy
= welght

K
'
W

32

=
LRt

oy

~

S~

,Hll"url’]u", TT7 !] 11 It}

lll!l
xR k
NI

IREEEEARE
1§

lrf‘r[‘lll_Illll
“

T

nN

lll]TllIlllTl

5

il!T‘lll{l}

~



33

1
~ 0~ 8 L ¥ ox X 0. 3 ~ 3 ~

YT:TL::~_:::::_:E:.:?.::__lZ,L::_ SERENEEETENI NS TR RN Y Y |

—LU ] 4 rw i
- ro o ~ ™ > - 2 ] w o™ R b » N 5 N

=l :::E::.:_ paid beanaloendonndd sl ___:_:__:::_.::::_:_:::_ cenileboanl e Dt lete it tutad

‘o

- = -
M_r___________._._,.._______

1

1 t
(vg] meow ™ #.m A 9 ™~ D LS ~
(1] _.__“___.____:__:_r__::t_::_::__*_F;: ___;

2.4

Figo 27

M=TFd

=
=
[ 33
[
~
=
% ]
t =1
(] (o)
L] 4
&

4
Q [+2]
m
tog
A
mo.l
& T
o
== o




W we
E'l :-l
C_q " 4
. -
. ¢ (g
L7 7
6 2’
» o
L85 :_5,5'
F = §
=il C 46
" »

[ 4 __ ¥4
E.s.s‘ " 3.4
" N
3 .3
[ 25 [ 2.8
- -

[ /5 'y
» o
= e
[ -y

W = first weight
W'= gecond weight
D = first lever distance
D'= gecond lever distance

=

lh‘

-~ 9 wa N %

NN e NI &~ %

W =W'D'/D




~ S0 ™~ ~

w

T EIINEE Lsatered o i ivaidansalis o

-IJ
S o5

)

TS RTES BN

LY 2
™ ™ o~ <
{33 batslepssgbs g st et v d

~ ot 9 a 8 o™~
AR IITINIRI R T PR W B N IIT PP

" ‘
~w W 2

[ 1

IR IRTRItani|

L7
~oereo, TS g L P YEEE N W ~

sbesaatotenstole bt vt o v s fnutennadonantasns bitstasstafnnatatengl

< 2 ~ M ™ _«.M = M.n in Y L o o
Mu__ P b b T bedantal s 0 by v sy dervrvresa vt pynabapslenbgndanbied s Lo ba by bitt

Fig. 29
MoAo= R/E

M.A+= mechanical advantage

R
E

resistance

effort

—3

—



T

L L 8 R B O B

>

YT T TITIT T 1 171
AR § [
“ o

T TTrTTTd]
~

| LLLLN AR
«a o ?:5
N \

~ &~

T1 T [T

ILLRI

[TTT

~

¥
Fe= Normal pressure

C.
N
F = force

o
TTTTITIT) oy
g &

LB XY

“

LRI N R RN RN RER S RRN!
Qﬁ

W

Ll T
N

P

LU MU UL
i:‘

N ™~

[N

~=

[RUIRLILL I S N ER D B AR AS LILI ISR
“

[T
ol

s
k]

>

‘llﬂ"ﬂl] T

—
A

Fllllllll

/
Fig. 3Q
C.Fu= F/N.P.

»= coefficlent of friction

L R R R RN

oy
[5N

1=

T T T T TV [V T T T TP T T[T i Trirqrert

|

1

[T T T T TR T IrIrTIrTT

36

-y

g

SN

L

= ;o
0‘-‘

o
v

oy

f
=

r

r ]



U I It e

LLLLE R R O O

frfi |IBERBREBE luluulllllll
[

-~

b

N

g
oy

=
b !

>

b
-

[

~X

-

~—

H o
Wu

efficiency of & machine
output
input

Fig. 31
E = 0/1I

"lllIl]lllIlT‘I]‘Illllr‘]—;]“]l”‘l\llll TTT[IIT '] o
O
3}

37

-y O~

o

~

[

o‘

&
&

X

w
vy

(]

»
!

LI BLARBEIA

»

TTTTTITTTTITTTTTTT
t%

i
~



CHAPTER IIT

NOMOGRAMS
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VY= B/d
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I=
C.Pa
d =

13

Fig. 44

I = C.P./d?
intensity of illumination in foot candles
= candle power
digtance in feét
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X=Ad? a?
X = candle power of unknown lamp
A = candle power of known lamp

dy= distence of unknown lamp
dp= diptance of known lamp
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McPu= F/F?

MePs= magnifying power (
I = focal length of object lens h
F'= focal length of eyeplece
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This equation gives two golutions,
x and x"'. If the nomogram gives
only one of these, Xs the other
may be found by the relation

X'z =gex

Fig. 53

x? +ax 4+ b=20
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