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( S e e  p h o t o g r a p h s  7 2 9 O ,  7 2 9 L ,  7 2 9 2 ,  7 2 9 3 ,  7 2 9 1 )

The  ins t rumen t  essen t i a l l y  i s  a  s imp le  t ype  o f  Harmor : i c
i+na. lyser ,  embod.y ing qu i te  nove l  ideas and d .es igned.  sc  t i : .a t  l t
can  be  used  no t  on l y  as  a  I {a rmon ic  Äna l ; i se r ' ,  bu t  a l so  as
P lan ine te r  f o r  eva lua t i ng  a reas  and .  as  In teg re to r  f o r  neasu r ing
t i : e  f i r s t  and .  second .  momen ts .

PEISCI I IS.  f ,e t  y  =  f  (x )  Ut  the equat lon to  the curve
to  be  ana lysed  i n  a  Fou r ie r  $  e r l es  ove r  t i i e  yange  O-z ' i f  ,  w i r l ch
m a y  b e  r e p r e s e n t e d  b y  a  i e n g t h  a  ( f l g , l ) .  I r e t  t h e  c u r v e  m e e t
the  o rd ina tes  X  =  0  and .  X  =  Z l f  Ln  po in t s  A  and  B  respec t l ve l y .
T i :e  area enc lcsed by the boundar 'y  0  I \  B  I i l I  0  is  represented by

d.x r

f 2T

j r r ( x )

l e t  P f f  be  e  ba r  o f  l eng th  I
having t i :e end P cver t ] : .e boundary t
and  suc i :  t ha t  f o r  an  absc i ssa  x  o f
P , Ht{ make s the ang Ie nx wi t i t the
p o s i t i v e  d i r e e t i o n  o f  t h e  y - a x i s .
Ti :en, when P i  s on t i re curve ,  t i re
C c o r d . i n a t e s  ( X ,  

t  y ,  )  o f  W  e r e
X r  =  x  +  t  s i n  h x r i
Y r  =  I '  +  I  c c s  r t x e /
and when P is  on Oi i / i ,  the ccord i r ia tes
x 2 = x + l e i n n x \
Y . ,  =  I  cos  nx  /

l f  * - * - -  A  -  *  *  -  * ) t ! t ,

( x z ,  Ye  )  o f  T  a re

I f  P  is  brought  : :ound tne bound.ayy t  t l :e  anea enc lo  sec l  by
t i i e  cu rve  t raeed  by  W j - s

x  =  2 1 f  x  =  2 T
f v ^

J  Y l d X t ( a l o n g t h e c r f , r r r e ) - J  - Y p d X r ( a l c n g 0 ^ , r )
x  =  C  

r  r  
* t =  0  

I  I  '  -

f h i s  cen  be  s i i own  t c  be  equa i  t o

{zr f z'ii
I  y  dx + n l  I  V ccs nxd.x

J 1  J 6
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o r C O S  N X O X

I lence the erea swept  out  by t l ie  bar  J?f f  a lone is

1 2 T
n I  I  f ( " )  c o s  n x d x

Jc
N c w  i f  a  w h e e l  b e  p l a c e d  o n  P v f  a t  W ,  w i t h  i t s  a x j - s  o n

Ff t i  r  such that  i  t  can ro  l l  on  the paper  d .ur ing the movemer t ,
and"  i f  r  i s  t he  C is tance  ro  I I gg  by  t l i e  whee l  i n  t l i e  coüp le te
eircui t -of  P round. t t ie boüäää;t ,  tne aree swept out by i , ' rv
is '  I r .  I f  d  is  the d ianet  er  o f  the rc  l t lng  wi iee I  and,  r r11 1s the
nu l r rbe r  o f  f  evc  tu t i ons  as  g l ven  by  the  coun t€ r  r  t he  u " "ä  i s
- f r t
I  l l  mtd 

l1rä
I i enee  r  f  i i  m td  =  n I  f  f t " )  cos  nx  dx

Jo
. ' .  m l d

n

m Ä^ul  u

( C o e f f i c i e n t  o f  c o s  l l x  i n  t i r e
F o u r i e r  S e r i e s ) .

an

/ 27r

J  o t ( " )  
cx  +  n I !,?[,

r lzTi
a . *  /  f ( " )  cos  nx  dxn  J c

n

I t  c a n  b e
w i t h  t h e  n e g a t i v e
( " ,  y )  a t  a  p o i n t
eurve trac ed. by W

' m Ä
lu,.r tel

I
t 

=

n

f z' i i

" ' ) ,  
r ( x )

{ zT
f  r ( " )

l c

shown sini j - lar ly t i :at  i f  Pf f  make s the angle
d i rec t i on  o f  x -ax i s ,  when  P  i : . as  coo rd . l na tes
cn  the  boundary ,  t he  a rea  bounded .  by  the
; ^
. L E i

d.x + s in  nx  dx

b-  (  coe f  f  i c ien t  o f  s in  n )c  in  t i re  Fcur ie r  ser ies)  .' t r

and l f  rTL7 is the nui : iber cf  revolut j ,ons of  t i ie wheel in t i ie cof i I -
p l e t e  c i F c u i t  m a d . e  b y  P

^zd t Foif,=  I  f ( " )  s i n  n x  d xn T Jc  
- \ - - '  - - - -

rn  the  ins t rument  d .  i s  equa l  to  2  cm,  r f  a l r  the
read. ings of  wheel  are mul t ip l ied by 2 and.  d iv id.ed.  by n,  the
resu l ts  a re  t i : .e  requ i red"  coef  f  i c len ts  neasured.  in  cent imet res .

, / .
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TI{E INSTRtTivlnN T .

fhe instrument is  designed so that  Pl {  can make th.e angle
nx  w i t h  t he  +ve  J -d i r n .  o r  t he  - ve  x -d . i r n .  f o r  cco rd ina tes  ( * r y )
o f  P ,  acco rd ing  as  an  o r  b '  i s  r e ; , u i r ed . ,  f r om n  =  t  t o  n  =  6 ,

Ä T-shaped f rame C I  E F (see pi rotograph 729L) can mor le
i  n  t 'he  r r -d i ree t ion  on  J  whee ls  R l  ,  F .Z  and.  RT,  two o f  wh ich ,v 4 - v  

J  
v

R. t  and.  R)  a re  car r ied  in  the  c ross  p lece  EF 'by  ax les  to  wh ich
a i la  to  th .e  x -ax ls ,  t i re  ax is  o f  _R1 is  para l le l .  ?he whe" I?  R, l  and
R2 run  in  the  grobve o f  a  ra l  l  1 \  Ä  para l le t  to  the  y -ax is , -A  bar
Br BD is  f ixed.  to t .L ie f rame and.  on i ts  top sur face is  eut  a

I Z
groove  G  G and  to  onCI  ve r t i ca l  f aee  a  rac l c  K i (  ;  be th  g roove
and .  rack  be ing  pa ra l l e l  t o  t he  x -d i rec t i o r l  .  A  t ro  l t ey  I  i s
suspended  by  2  V -shaped  whee ls  V I  and  Y2  wh ich  s i t  on  the
e d . g e s  o f  t h e  g r o o r r e ,  a n d  e  w h e e l  V z  w h i E h  r c l l s  o n  r h e  b a r  C  D .
[ ] i e  t ro  l l ey  can .  be  moved  f ree l y  i n ' t ] r e  x -d i rec t l on  be tween
s t o p s  S r  a n d  S ,  s o  t h a t  a  t r a c i n g  p e i n t  t  f l x e d  t c  i t  e a n
t raveqsö  a  d i sTanee  a  i n  t he  x=d l rec t i on  rep resen t i ng  the  range
C Tr i f  ,  Thus T can be made to  t raee any boündary  w: . in in  the
range  I  t he re  i s  no  l im i t  t o  t he  movemen t  o f  T  i n  t he  y -d i rec t i on .

A bar  I i  I i  in  the y-d  i rec t icn  can be drawn through gu ides
und.er the tro l ley by a mitr- led screw nut I {  ,  I r i  } i  I i  there is a
ve r t i ea l  ho le  i n  wh ich  a  sp ind le  ?  can  tu rn .  To  the  upper  end .
o f  t h e  s p i n d l e  c a n  b e  f i x e d  c n e  o f  e  s e t  o f  g e a r  w h e e l s  o f

. A l A / '
r a C i i  - ; # r  t f  =  i ,  2  b .

z  l l  n .

I o  the  l ower  pa r t  o f  t i t e  sp ind le  P  i s  f l xed  a  sma l l  f r ame
i n  r r y h i c h  i s  s e t  t h e  i n t e g r a t i n g  r o l l e r  W ,  t o  r o I I  o n  t h e  p a p e r ,
and  w i th  1 t s  a , x i s  pass ing  th rougn  t l r e  ax i s  o f  t he  sp lnd . l e  P .

To  se t  t he  i ns t runen t ;  t i i e  t ro l l ey  i s  b rough t  up  to  the
s t o p  S  1  s o  t h a t  T  i s  a t  t h e  o r i g i n  o f  e o o r : d  i n a t e s ,  t h e n  b ) t
means o f  th .e  screw nut  N the gear  wheel  is  d" rawn in  to  engage
wi th  th .e  rack and sc  that  the d i rec t ion o f  PVr l  is  t l :e  +ve y-d , i . rn
c r  t i r e  - ve  x -d - i rn ,  ecco rd ing  as  u *  c r  b r ,  i s  requ r red , .

Äs T is  brought  round.  t l ie  bcund,ary ,  .P  wi l l  descr ibe a
s imi lar  boundary ,  and PV$ wi l l  make the requ i red ang le  wi th  the
y  o r  x  d . i r e e t i o n s  ,  f  o r  &  p o  s i t l o n  ( * ,  y )  o f  T  .

The eu.rve tc  be analysed" rnust  be replct ted.  on the per iod.
Iengt l :  a  o f  t i r .e  ins t rument .  The base length  a  i s  exaet ly  24  em.

Usig$- tlrs_Ipe!1t;g-91tt g-g_g_q!4il$EqEF. Te ernploy tne
j-nstr;il;nt ä;-ä*eTä['ImöTät G." p6öTo[r"apn 72W); tr:.e trolley I
is  f ixed.  by a catc i r  to  the bar  Bt  Bc,  so that  the sp ind le  3 ee,n
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be moved on ty  in  the  d i rec t ion  a l lowed.  by  t i ,e  whee ls  R l  ,  B ,A and
R=. Ä t raeing arm J T. ,  carry ing an auxi l iary integrat ing ro l ler
Y/{  r  t } re axle of  v ' ih ieh ' is  pavat le l  tc  the d i rect ion J[1 r  can be
f lxed  tc  the  s l id . ing  bar  H I i .  (nne invard ly  too tned.  c iown seen
on  the  pho tog raph  p lays  no  pa r t  i n  t h i s  ope ra t i cn ) ,  r f hen  T l
has  t raced.  the  boundary  c f  a  curve ,  the  ro l le r  Wr  reccrds  -

the  cor respond ing  e tea .  fhus  the  coef f i c ien t  &

( " )  d x ,
2 f r

f'
c

a f  a  F o u r i e r  S e r i e s

2 T

can  be f n r r n Ä
I  \ J  \4 .T IL '  '

9er*ethe instrurnent as a I ' IC; l I . r , i \T INT:r*RATOIt.

Pi io tograph 7291 shows the arrangement f  cr  f  inding the Lfgg.! .
Ugggg !  o f  an  a ree  abo r i t  a  l i ne  i  U .  I he  t ro l i ey  i s  f i xed .  t e
t h e  b a r  B ,  B ,  s c  t h a t  t n e  l i n e  j  o i n l n g  T  t o  t i - e  p i v c  t  P  i s
p e r p e n d . i c ü I ä r  t c  t h e  a x e s  c f  t ] : e  w h e e l s ,  f h e  l i n e  T  U  p a s s e s
th rough  the  axes  o f  t he  sp ind - Ie  P  and  o f  two  ve r t i ca l  ho les
I . ,  and To in  t i r .e  bar  I i  11  (see photcgrap i r  7292)  .  0n t l re  sp ind, Ie
P ' i s  f i x6a  a  gea r  whee l  (no t  t o  engaüe  w i tn  t i r e  rae i r )  t r : e
rad ius  o f  wh ic i r  tc  t l ra t  o f  the inward ly  tco t i red crown is  I  t  2 ,
A  sp ind . l e  J  f i xed "  to  the  c rown  a t  i t s  cen . t re  i s  d ropped  in t t
t he  ho le  I ,  ,  sc  tha t  t i r e  t co thed .  c rown  and  gea r  whee l  engage ,
a r :d  a t  t he  

*same 
t i ne  th ie  ax i s  o f  t ne  f  i r s t  i n teg ra t i ng  ro  l l e r  r ' i

s h o u l d .  b e  p e r p e n d i c u l a r  t o  J  T 1  w h e n  T r  i s  o n  t i r e  l i n e  T  U .
The  r c  l l e r  W w i  l I  r eco rC  the  F i r s t  i o iomän t  o f  t he  a rea  onc losed ,
by  e  bouno .a ry  t raced  cu t  by  T I .

Simitar ly,  for the Qggg4$.-Ug.tr lgg! of  t i re aree abcut I  U'
a  gea r  whee l  i s  f i xed .  t o  t i r e  sp ind le  P ,  vuncse  rad ius  to  tha t
c f  t i r e  i n w a r C l y  t c o t t r e C  c r o w n  1 s  I  t  3 , I h e  s p i n d l e  J  i s  d . r o i ) p e d
i i : tc  the ho le  T)  in  H H,  sc  t t ra t  gear  v ' rnee l  anc l  c rown engage in
such  pos i t i cns  

- t i : a t  
t he  ax i s  c f  t he  f i r s t  i n teg ra t i ng  wnee l  w

i s  i n  t h e  d . i r e c t i o n  J  T '  w h e n  i t  i s  o n  t n e  l i n e  T  U .  f h e
read  i ng  c f  f r '  i n  t h i s  caöe  i s  as$öc ia ted  w i t i t  t r ra t  f  o r  t he  a rea ,
s imu l taneous ly  found .  f r cm t i r e  aux j - l i a r y  a rea -To I Ie r  iV l  r  accc r -
d ing to  a  fc r rnu la ,  anC the seccnd mornent  o f  t i ie  area äbcut  T  ü
i s  c b t a i n e d  ( p h o t c g r a p h  T 2 9 4 )  .

The  theo ry  un ie r l y i ng  these  o i l e ra t i cns  i s  t i : e  same as  fo r
Air-SLLR. I S 'lRI Gliial, iii T;Gll.,*? CRS '

, / .
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The Instrument and the ra i l  ere
paeked each in a we I  lmad.e carry ing ca s e
and key .

S i  ze  o f  ins t ru rnent  case i

i

slrpp l i  e d.  careful f  y
p rcv ided  w i th  l ock

x  I 0 , 5  c m
x  f 5  x  4 +  i n . )

cm
x  

' )  
x  2 b  i n , )

7 0  l b s .

S i z e  o f  r a L l - e a s e

a b o u t  5 3  x  3 7  , 5
(a "bcu t  2L

a b o u t T S x B x 6
(  about  3A

i fe ight  c f  inst rument in  carry ing case :  abo ut  5 ,4 kg =

i l re ig i : t  o f  ra i  r  in  carry ing cas e 3 about  2 ,O kg =

'v fe lght  of  instrun: ,ent  and.  ra i l  packed for  despatcn :
about  12  kg  =

L 2

4b

I b s .

Ibs  .

E gee ]ssst! 3 rr- 3 ! I s elreti -I gl-Hcrgg*i g s -! i slg r- 1!ls
the 6 ti l

0n  spee ia l  reques t  and .  aga ins t  an  ex t ra  eha rge ,  t he
Ana lyse r  ean  be  equ lpped  w i th  doub le  mu l t i p l i ca t i on  gea rs  w i t l :
ad.d j - t iona l -  harmonic  p in icns r  F€rmi t t ing  h igher  .hr .armonics  1 tp  to
t h e  t 4 t h  o r d e r  t o  b e  d e t e r m i n e d .  T w c  s u e h  d . c u b t e  m u l t i p l i c ä t i o n
gears  w i th  cc r respond ing  ha rmcn ic  p in ions  se t  ean  be  p rcv ided . ,
the one f  or  the even harmonic  s  n  =  8 ,  10,  LZ and L4 r  t t ie  o t t rer
f o r  t h e  c d d " s  n  =  7 ,  9 ,  I I  a n d  L 3 .  B o t h  d c u b l e  m u l t i p l i c a t l o n
gears  and  re la t i ve  ha rmcn ic  p in io r l s  may  be  o rd  e red  toge the r ,

t F t f * r +



. t l

I
t

ALFBED J. AlVXSLtrR
S CTIAFITI OUSE
Sw i t  ze r l  anC.

D /S r ,
r  /n /3v .

A Nl -Cp .  L i f t .

S e e !  D e s c r i p t i o n  l d c .  4 5 / 4 L

Dravri ing ldo . 28883 / 3L7

Draw i ng ldo . eJgLz / StY

Photogrerph ldo.  729O

]do . 7 29L

No.  729e

hlo .  7293

ldo ,  7294

Ins t ruc t ion  I ' t ro .  öL  fL4 .

f ns i ru rnen t  use r l  as
Ana iys  e r

Ins t rumen t  used  as
In teg ra to r

A n a l y s e r  a n C  r a i l ,  b o t h
packed  1n  the  i r  wooc len  case  ,

Ins t rument  used"  as  Analyser
fc r  harmonics  f rom n*  1  up
t o  n  =  ö ,

Ins t rument  used as Analyser
wl th  d .oub le  gear  a t tach:nent
fcr harnionics frorn n = 1 up
to  n  =  10  e r i i d  n  =  L2 ,

Ins t rumen t  used .  as  In te i { ra to r
f or s tat i c rnome nt

Ins  t rumen t  us i i d  as  In teü ra to r
fo r  i nomenr  o f  i ne r t i a .

& C C

A}/ISLER ' S IIARVEY IIARMONIC A}TALYSEN

tiVorklng Ins t  rJc t  1on

t

t , '

I
i

:

{

I .  I Is i -n5=;  the ins t ru inent  as  I {armoni  c  Analyser .

1 . ) Pfg_Wt+e_!4e _g.fagq_*i1t_-L?-*U9 anaryF qq. SrL*p-{g-WÄ* g qate_.

?he  d iag r r - l n  t c  be  ana lysed .  (ge ;ne ra l l y  on  sma l l  sca le i )
m u s t  b e  r e d r a w n  s o  t h a t  t h e  a b s c i s s a  l e n g t h  e  f  a  c o m p l e t e  p e r i o d
(  co r re  spond  ing  to  2 ' ! {  )  I  s  exac t l y  equa l  t o  t he  base  l eng th  o f
the ins t run: .e  n t  c f  ? ,4  c f i t .  Conr len ient ly  but  not  ne cessar i ly
t h e  t w o  p o l n t s  o f ' z e r o  o r d . i n a t e  o f  t h e  p e r l o d i c  w a \ r e  l i n e  m a y  b e
taken  as  end .s  c f  t he  ana lysed  d  i ag ran i  po r t i on .

Thc  bes t  way  i s  t o  en la rge  the  d iag ra rc  pho tog raph ica l l y ,
or  by  us ing a  par r togr i rph"  The d lagrar r .  rcä1r  a lso be red. rawn by hand
d iv id ing  t l i c  o r i i ; i na l -  base  Ie  ng th  i n to  24  equa l  pa r t s ,  measur ing
t f ie  24 ord . inates  arLo.  repJ-ot t in t l  t i rc in  to  a  convenient  sca le  on
21 orc l inate  s  a l - l  I  c r i t  apar t  ,  Th i  s  la t ter  me thod.  however  i  s  l .es  s
adv isab le  ,  becäür io  in i lL rn  rec l rar .w ing the en larged d ia6; ram bt f  hand,
rn inu te  sub t l nnes ' , j i l s  i r :  t i i e  sha r :e  o f  t he  wave  i i ne ,  wh ich  a re
det , l r i : : in .ant  for  the hJ-q . .h , ; r  harno i i i cs ,  f f i&y  cas i l ; r  be a l tered.

, / .
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For  red rä \n / i ng  the  ,1 i r : g ran  use  s t rong  B r l s to l  o r
d r a w i n g  p a p e r ,  n o t ' ; u b j e c t  t o  d i l a t a t i c n  o r  s h r i n k a g e  d . u e  t o
a i r  mo is tu re  o r  t emp  e ra tu re  changes .

z , ) L}.Fg1_Sl*!i}q_Ai}+l=:r s_er .-

Pla  ce  the  ra l  l  upon  the  c i ra r t  o f  t he  en ra rgec l
d  i ag ram so  tha - t  t he  ra i l  1s  app rox ina te l y  pe rpend icu la r  t o  t he
? p s c i s s a ,  t h e  r a i l  b e i n 6 i  " l - e f t  r r n d  t h e  t r a . : 1 n g - p o i n t  t o w a r d s
!h * -  ope ra to r  as  i n  d ra r , v ing  28883 /  aL? ,  J -o , *ve r .  pa r t .  Depose  the
Anar l yse r  i n  such  a  way  tha t  t he  two  whee l  s  rün  i n  t he  * rooveo f  t h e  r a i l - ,  a n d  t h e  i n e a s u i r i n g  r o i l e r  r e s t s  o n  t h e  c h a r t .A f  f  i x  t he  coun te rwe :Lg i r t  a t  t hö  r6 ra r  c f  t he  na in  .u " i f ää ;  f rame.Now sh i f t  the ra i l  unr i  I  t j :e  t rac in€ i  po in t  fo l . l_ows exact ly
the  absc i i r sa ' l i ne  o f  t hc  c iag ram and  tha t  i r vhE ; i r  t he  sweep in f j -
a r r n t  s  c a r r i a g e  i s  i n  c o n t a c t  w l t h  e a c i i  o f  t h e  t i , v o  s t o p s  l l m i  t -
i n g  i t s  2 4  c n i  s t r o k e  ,  t h e '  p o l n t  e x a c t l y  c o i n c i d e s  . w i t l i  t h e
end.s  o f  the v /ave per iod o f  Z  { i  ,

T h e  s e  t  p i n  i n s e r t e d  t h r o u g h
ina in  car r iage and.  the ra i l  i  s  in tend.ed
cary iage f rom rac lng a l -cng the ra l l  and.
when d l  sp lac ing +;he d" rawing board wi  th
l a l d  o u t  o n  i  t .

t he  whee l  base  o f  t he
to  prer rent  the ma in

f a l l i n g  o f f  t h e  t a b l e ,
the  comp le te  i ns t rumen t

3 . ) f nse r t i the  in te rcha e  a b l e i n ions  fo r  the
d i  f f e ren t harmoni c s .

Fo r  ha rn :on i cs  n

the dr.r*bl" 
u,il,iffifili;i"ä

=  i  t o n = 6  u s e s i n g l e p l n l o n s

=  7  to  n  =  l 0  and .  n  =  LZ ,  use
{ r j e a r .

Ever ; '  p in i cn  i s  eng raved  w i th  the  number  o f  t he

: ?;:: : p::u 1 ::i.. l::T":' . :,a]intgys*Lg_insertetL so tft

T h e  a d e p t a t i o n  o f  t h e  d o u b l e  r y u t t i p l i o a t i o n  g e a rf ' o r  ha rmon ics  f ro rn -  n  =  7  to  n  
-=  

lC  ; "ä  fo r  i -= - fZ  i s  rep resen-ted  i n  t he  upper  pa r t  o f  d ra l r r i ng  Z {3g ] : : f  f , öL7 ,  The  sna l l  p in lons
used '  w i th  the  d 'oub le  gea r  a re  i r i esh ing  so rce t imes  w i th  the  upper ,somet in ies  w i  t h  t he  l ower  l a rge  whee l  on  the  coun te rsha f  t .  Fo ri n s e r t l n g  t h o s e  p i n l o n s  p r o p e r l y  e v e n  1 n  t h i s  c a s e  n o  o t h e r
; - r Y ? f - f  T / i  q  i  n r ei r * ' v r ' ) r - v r !  n :us t  be  taken  t i r an  p tac lng  them ' , , v i t h  t he  ha rmon icnu rnber  on  toB ,  äs  the  p ln ions  a re  s tamped .  on  the  co r rec t
u p p e r  f a c e .

a s  f o l l o w s l o t  
i n s e r t i n g  t h e  i n t e r c h a n g e a b t  e  p i n l o n s  p r o c e e d

. / .
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Br lng  *uhe  svveep ln6g -a rn : t  s  ca r r i age  i n  con tac t  w i th  the
ie f  t  s t ro l " ; e -end  s top '  Sh i f t  t k r c  $weep ing -a rmr  s  ax ie  to  a  d l  s tance
f rom the  rac i t  somevuha t  i a rge r  t han  the  rad ius  o f  t he  p in ion  to
i re  i nse r ted  by  tu rn ing  to  the  l e f t  t he  m l l l ed  knob  j u i t  beh ind
the  t rac ing  po in t  .  Uns  c rew the  n i i i l e  d  s  c r .ewnu t  on  top  6 f  t he
sweeping-arn ' i r  s  ax ie  anC inser t  t .he p in ion so t i ia t  the ar royr
marked .  f t 0 r t  i s  i n  l i ne  bü t  op los i t e  w i th  the  sv /eep ing  a r rn ,  äs
r e i r r e s e r i t e d  i n  d r a w l n g  2 B B S 3 / 3 L 7 ,  b c t t o n : ,  t h e  s e t  p i n s  i n  t h e
gx le  f l ange  engag ing  w l th  t i i e  Z  p ln -ho les  i n  t he  p in ion  hub .
T lgh ten  aga in  the  rn i l l ed  sc rc .u ' /  nu t .

For -q-g9i+g rga,Xi i l$g. the svr lceping-armr
in  ccn tac t  r r v i t h  t he  l -e f t  s top  and"  the  sweep lng
g_el- ly awa}1__jggrn thc operator (posl t ion in f ,u l lro;-m-mffiffri, ö -"iiiä 

ä " ri orrf kno b
br  ing c  ar re  fu l l ; ;  the p i  n i  c ln  i  n to  me sh w i  th  the
a r ' r o w  m a r k e d  I t c t t  o f  t h r . '  p i n i o n  ( c  =  c o s i n o )  l s
to  the sy inne t r i  c  ar ro \ ru  on the rack,

s  car r i  age be ing
arn turne cl v e r.t i -
l inr;s 1n aräwTffi

to  the  r igh t
: :ack  so  tha t  the
exac t l l , r  cpr )os i te

i to l  
W the s 'v rycep in51-ar { , - r?s  car r iage be ing

in  conte ic t  w i th  thr :  fe f t  s iop,  er r id .  the sweepln6 i  ar rn  now turned
Eg l : l ]  (  pos i t i on  d . rawn  in  c lo t ted  l i nes  on
drawing lüo,  2BBe3/gI7  ) ,  b ) r  tu rn ing the ml t l_ed f rcnt  knob to  the
r igh t  b r i ng  ca re f i . r l - 1 ; :  t he  p in ion  i n to  q :es i i  w l  t h  t he  rack  so  tha t
the ar row narkec j .  ' rs ' r  o f  t j re  p in ic - rn  (  S =  s ine )  is  exact ly
oppos i te  t c  t h r :  sJ 'n rne i r i c  a r row  on  the  rack .

J lg9RIAryT j  Proper , '= r r i jus tn ient  c f  tooth  pressure between p in ion
and '  rack  mus t  be  rn .aCe  to  pe i sona l  f ee l i ng ,  nb i the r  t oo

s lack  (  danger  o f  dea r j "  j : l ay  g  )  no r  t oo  s  t rong  (  Au"ä* ,  o f  f o rc ing
the  rack  !  )  ,  s  o  as  t , :  cnsu re  a  sn ioo th  gea r i  ng  o f  p ln ion  an6  rack
e ' ' re ry l ' vhere .  Af  te r  ad j  us  t in r : r : . t ,  chc ck  d  egree ö f  

"oätact  
by  rur rn i *g

the swoeBlng-armt  s  car r iago to  ar id"  f ' ro  severa i  t in i .es  the r ryhct le
r a c k  i e n g t h .

w i t h  t h e  d o u b l e  n u l t l p i i c a t i o n  g e a r  t , . r c c e e c l  a s  a b o v e
r e p l a c i n g  t h e  w o r d  f t r a  c k ? t  b y  "  t - o t h e d  w h c e l  o n  t h o  c o u n t * " u h a f  t , r  .

. 4 .  )  C i r c u n s p r i Q , i

a  r  ,  S t a r t  f r o m  t h e  l n i t l a i  p o i n t  o f  t h e  p e r i o d  o n  t h e  z e r a
1 . 1 - g 9 . ( p o 1 n t o f c r c 1 i n a t e = 0 ) , t h e s ' ü / e e p i n g - a r n : i s c u r r f f i
a t  I e f t  s t o p  p o s i t i o n ,  t a k e  t h t ;  i n i t i a l  r o & r l i p g ;  c i r c u m s c r i b e
the wave l ine  v ; i  th  t i rc  t rac ing po in t  in  a  lq f t  to  g i_gb l  qsnug
u p t o t h c e n d ' o f t h e p e r i o d ( s w e - t i p 1 n g f f i g e a t r 1 g h t
s t c p  p o s l t l c n ) ,  a n d .  t i a c e  b a c k  a l ä n g - t h e  z e r o  l i n e  l r o m  r i g h t  t ole f  t  t o  t he  s ta r t  i ng  po in t  ;  t . r l i e  t he ;  r i  r ra . r  read ing .

r f  t hc  ana lyse ;d  pL r r t i on  o f  Lhe  w&ve  l i ne  does  no t  beg ln
r y 1 t h  ?  p o i r i t  o f '  z e r a  c r c l i n a t e ,  b u t  h a s  a  f i n l t e  1 n 1 t l a l  ( a n o
f  i na l  )  c rd - i na te  ,  t hen ,  s  t a r t i ng  L ' ro rn  the  ze ro  I i ne ,  f o l l ow  f  l r s tt he  l n i t i a l  o rc ina te  up  to  the  wave  t - i ne ,  

- i r rän - i i l ;  
wave  l i ne

, / .
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ord . i na te  back  to
z e y o  l i n e  t o  t h e

I r c lo l i i  l l t us t ra t t :

a t  / t a
V L T  L L

t h e  z e r e  l i n e ,  a n d
s t a r t i n g  p o i n t .

s o i n e  p o s s i b l e  c a s e s .

/,,
i
I
I

I
X , f

o l
I
I

{---

Re aüLryäs_ anci _c.a l.c_u J-=,_a tjor-rs .

The ins trunient ind. l  cat i  ons * l  and. *Z f  or cos ine and
s ine  ha r rnon ics  a re  the  d i f f e rences  o f  t he  f l nä l -  and  i n i t l a l
r cad ings  o f  t he l  i n teg ra t l ng  ro l l e r  a f te r  and  bo fo re  c i r cu rnsc r lp -
t ion of  the v/ave per lod. in the above manner.  f r , I  and 11 f f ip.  are
t h e  n u m b e r s  o f  r c v o l u t i o n s  o f  t i r e  i n t c g r a t i n g  r o l l e r .  

-

F o r  a c c u r a t , ;  r ' r : ; s u l t s ,  t h e  c i r c u m s c r i p t i o n  o f  t h e
d  l ag ram ough t  t o  bc  repca te  c r  seve  ra l  t i ne ;s  i n  sequonce  ,  i n te r -
med. la te  read ings be i r i i - - t  takr ln  a . t  every  rc turn  to  t i : .e  s tar t ing
po in t ,  anc l  Nhe  ave ragc  d l f  f e r ( i nce  fo rm.ed .

The  d . ru rn  o f  t l i c  l n teg ra t i ng  ro l l c r  i  s  d i v ided  i n to
I00  pa r t s .  Ten th  o f  pa r t  a re  r ca r l  on  the  vc rn ie r .  Co rnp le te  revo -
Iu t i ons  o f  t hc  i n tog ra t i ng  ro l l c r  a re  sho r run  on  a  coun t i ng  d  i sc ,
w h i c h  a d v a n c e s  o n ü  l i n e  a t  e a c h  s u c h  r e v o l u t i o n .  T h e  c o u n t i n g
d lsc  1s  a r : ' anged .  f o r  t o ta l  10  r r j ' yo iu t i ons  o f  t he  l n teg ra t i ng
r o l l e r .  A  s e c c n C  c o u n i i r i ; 1  c i s c  w h i c h  a d v a n c ( ) s  o n e  l i n e  a t  e a c h
r e v o l u t i o n s  o f  t i , o  i n t i l g r a t i n g  r o I I c r .

E i , t ch  comp lc te  r r : ad ing  i s  a  f i gu re  o f  t vu 'o  d i i l i t s  and
th rec  c l r : o ina l s ,  t he  t cns  and -  the  un i t s  bo ing  r c lad "  on  the  se  cond"
and ,  f  i r s t  co l l r j . t i ng  d i sc  rosp i . ; c t i ve l i ' ,  t i i c  f  l r s t  and  seoond
Cc c imal  on th ;  drum of  thc  mcasur ing : :o11 ' : r  a r : .d  thc  th l r6
d e c i m a l -  o n  t h r :  v e r n i e r ,

i r fhcn tak ins  t i t t ;  s t ,cond rcad lng a f ' te  r  the f  l rs t  rncasure -
m n  n t  h ! :  / 1i , r q r r r r . , ,  uu  u i t l e  f u l  t o  asc t l . r : t a in  whe the r  t he  to ta l  no t i on  o f  . t 5e
nieasl . l r ing rol lcr  has ] : , .  cn f 'crvuard ol :  back' ,ntard. an6 how many t ines
and .  i n  w l i a t  r cvo l v in i ;  c l i r ' ; c t i cn  the  ze ro  o f  t he  second .  coun t i ne

. / ,
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disc  has ]s_$_gg.  passed t l l t -  f  i xcd index nar l ' , .  0 f  the to ta l
t r r rv t : l  o f '  the rncasur in5 l  ro i  l c r  h : .as  causod nore than ono compl -e  tc , -
turn  o f  t l : .e  s t :cond.  11 i  sc ,  th . . ;  . i ' igurc ;  100 nust  be added to  the
d1 f  f c - : r t ;  ncG o f  rea rc i i ngs ;  t h l s ,  ho r , ' vL l vc r ,  n11 l  occu r  ve  r y  se  l _d .om.

The dl  j . ' f  t rc jncc bc,t i ; ' ie c;n the; -r ' i i :a.1.  anc in i t iat  rr ;e ldings,

:. mt and. t*2. T?y be n!rj-i3ilt:,.__o_i_"'U:g+j-if !. according !q-;!}i9_g1gg
cI' t l ic-sorlgrf-Ql[i lg_lU jg"L- Tirr;rcforr: carc nus i
ü8ff i1 of  col" ic lct l "y c lc iermining r :nC. obs(.rr-v,1ng t l ic  s lgn of  "bi- i , : ;
i n s  t r u n e n t  - i  n C  i  c  a t  i  o n s ,

IivtPOrtTAI{T HEIyiARK :

Duc i  t o  i n r ' ü rs ion  o f  t h i ;  sons i ]  o f  ro tL ' . i - i - cn  o f  t he
swi . ; 'L ip ing-ä l r in  by  the * "u5 l r : ;  nu i i ip l j -ca t ion gea i ' ,  t i rc :  s ign o f  thur
harmonics  h i , . "  hE: r  than thr ;  6 th  b*ccrccs par t l ; '  a l te  ra te :d ,  and.  thr :
f o l " i o w i l i g  r u l " . c  i s  t c  b e  o b s c r v e d :

wi$p_li::.1älg-*4tgh,1s:_gggt,_ -ai I-'- r e qglj$s S i v .,_ig Ä{gS I ,oosinc re agf 3*Q- gj-":n. lirp -itrgil-:s-r,lii-_reg--"*-------
t h ' , . )  i a t t e r  t h e  s i g n  f ' o u n C  n : u s t  b e  i n v e r t e d .

Al thous i l :  t ] : .c  j r rop. :  r  . ' s iEn is  6 ;1vcn vv i  t i iou t  poss lb le
m i s i n t e r p r c t a t i c t i  b y  t h *  s i g n  c f  t h e  d  1 f  f e  r t : n c e  o f  r c a d . i n g s  ,  i t
is  r ' ' - ;corunondabl.r , ;  for  thr:  cbst;rvcr to 'wet ich i , ; i th t l . r t r  r jyes thc:
iJ : l loccss o f  ro t r - r t ion  c f  t l tu  ro l , l r , - ; r  so  ers  tc  have &.  oonf i rnnat ior i

o f  t h .e  s ign  o f  t n i ;  u l i i n i e r te  r r . ; suJ t .  Äs  fo r  h igh r ; r  ha rmon ics  o f
cür" ta in  curves tJ : r ;  inc , t l , . - ln tar ; , 'nun i :c r  c f  rcvo lu t i6ps c f  th r :  i r - r t t ; -
r , r a t i ng  r c l i c r  ( r i c t  t i r c ;  f  i r ' l l  r ü€ iC in13 )  ne  cone  s  so  cons idc rab . l r :
t l t i r t  a d e q u a t e  s u p - r v i s i o n  o f  t h c  r r d " r r a n c i n g  s e n s c  c f  t h e  r o l l o r .
beco i l l r - is  sof i t . l t imcs vor ' ; " i  c l i i ' f l cu l t ,  thc  s( . icor1d count in€ j  d- isc ,  i f
r l l u : t l y  no t  r cqu i r c i j -  i ' c r  usua i  v i j o r l i ,  i s  c f  va lue  f c r r  t h i s  pu rpose r  .

T'l1e u;i iniq;d harnloni cs in c'n or nri l  f or the rr:d rawn
{Llas:reii i  cf_&A_Q1lt_Uerici:-_rc{i+t4 arc d.cducte;C fröm tite nuabers of'
r 3 \ ro lu t i ons  o f  t he ;  i n t€ t ; { r? t i r t g  c l i : i c  f o r  cos inc  and  : : i ne  a rJ ju : i ne ;n . i ; ,
mr  and  n i , , ,  by  the  fo rmu la .e :

r  & '

a  ( e r i e f ' - f  i c i e n t  o f  c o s\  v v v r r !

t l

n

b -  ( c c r e i ' f i c i e n t  o f  : ; i n r :  n  Ä  i n  t h e  i r o u r i e r  S e r i e s )  -  m  r r- n  4 i / . ! ^  v  v +  r / + r i i /  f r  j \  r l f  v i i \ /  J _  v q J  * \ / I  V \ / . L  f  \ J ' ! ,  /  
<  , t t ?  \ I

1 1

wirere n i s the nurnber of thc,: ira:'inoni c and d = ?, cfli or Z0 mi'n
the  C i r rme te r  o f  t l : e  i n teg ra t i ng1  ro l i e r  (  1n  the  same un i t  as
used fc r  t l ie  har iaon i  c  s  )  .

F-,r  the _oJÄ*: lJ jü_".* :Sglg_q before redrau;1n9, t i re ef fect ive
f i gu res  o f  t l i e  i r a rmcn ics  a re  ob ta ined  f ro rn  the  above  ones  by
d i v ld lng  b t , '  t he  i nagn i f i c t t t i on  o f  t he  o : :d ina te -sca le .  The  en la r { : I e -
n ten t  o f  t he  a , i r sc i ssn  sca ie  t c r  24  cm pc+r i cd  1 -eng th  does  no t  i n  any

. 1 ,
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way  a f f ec t  t he ampl i  tude of

6

the harmoni  cs  .
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6. ) Exgppl.e*..*

F 
t ' i td

b *J,*,) ':*1,x. '- '

Take  as  examp le  the  i sosce les  t r i ang le -
wave l ine, d.rawn on 24 cm = 244 nm
base  w i th  a  he i€ th t  h  o f  .  10  c rn  =
100  nm (  amp l l t ude  )  .  Choos ing  two  po ln t s
o f  z e r o  o r d i n a t e  a s  l 1 m i t s  o f  t h e  w e v e

v  po r t i on  i o  be  ana lysed . ,  t he  read ings  andF  the  ca l  cu la t  i on  o f  t he  co r respond  ing
harmon ics  a re  found  as  be low .  The
f i gu re  was  c i r cu in . sc r i bed  b  t imes  fo r
each harnon ic  and the average o f  the
inc i i ca t i ons  has  been  taken ,  The  un i t
a d o p t e d ' i s  t h e  m i l l i r n e t r e ;  t h u s  d  =  2 0 ,

Cos ine
Read ings

c ons t ant
t?

?t

! t

??

t f

a v e r a g e ;

c f
a V V

t- flarmonl c .

Sine  D i  f f e -
Read  lngs  rences

Di ffe -
re noe s

0
0
o
0
o

r r24B
5  , 3 0 2
I , 3 4 5

L Z  , 3 9  3
L 7  , 4 3 6
?L r 4g3

;  4 , o s q
+  4  r o t x ö
+ 4 1048-
+  4  r O 4 3
+  4 , 4 4 7

n = 1
Fouri er

t r = * l

b t  = * z

a v e r a g e : +  4 r O 4 7 A

c o e f f i  c  i e n t s +

= 0 x 2 !  =  0
I

=  +  4 r O 4 7 Q  x  A Q  =
1

=  +  8 0 1 9 4 0  m m

x {
n

x q
n

^ I'1.d.
ia .üarrnonl c

c ons tant
?l UU

cons  tan t
I t

n = ? ,
F o u r i e r  c o e f f i c i e n t s ;
t > h = 0"z "z

, / .
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f r A
- L  \ J

o Harmonl c .

C o s i n e
Reäd ings

sons tant
tt

?t

t?

' l t  .

a v e r a g e ;

Dl f fe -
re nce s

0
0
U

0
0

0

S ine
Read ings

t04  '  400
103 |  043
I 0 1  '  6 9 1
100,  340
9 B ?  9 9 0
97 |  647

Di  f fe  -
r e n c e  s

r  r g 5 7
L  r 3 5 Z
i ,  3 5 1
1 , 3 5 0
L , 3 4 8

n = 3
Four ier
u3 = or

Lu3 = LtL?

c o e f f i c i e n t s t
x d = 0 x 2 0 =

ä 3

a v e r a g e  i  -  1 r 5 5 0 6

x g =
n
I t

run=  9 1 0 0 4  '

P A

T

, t h  f fl i Harmon]. c .

cons tant
tl 0U

cons  ten t
t?

n = 4

Four i  er

o 4 = b +

c o e f f i c l e n t s  I

= 0 r

_ t hD Harmon]-c.

c ons t  ant
It

??

? l

??

?t

\J

n

L,,

15 ? 3OB
16 ? i , l0
1 6 t 9 6 l
L 7 t 7 6 5
a ^ l r ' , . / il ö '  c o +
l9 r r8B

+  0 ,  B fe
+  0 ,  B e l
+  0  , 8 0 4
+  0 , 7 9 9
+  0 r 8 g 4

n = 5

Four i  er

"b 
= *l-

b S = * e X

coe  f f 1  c ien ts  :

x d  = 0 x ? )  =
ä

g
n

T
=  +  0 1 8 1 6 0  x

mrTr
= | 3 1264"*

e0
5

average : av e rai{e : +  0 ,  8 1 6 C

+ L
^  t r l . l  T ?o  f le rmon lc .

cons tant
r t

c ons tant
9l

r r A
l l  L l

It 'ouri er

a^ = b.-
o c

c o e f f i c i e n t s :

=  0 .

, 1 ,
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C o s i n e
Read. ings

o ons tant
,9?

??

,,
l t

t t

(  f o r  cos ine
sign found
ve r ted  )
average t

Dl f fe -
rence s

0
U

0
n

i nd i ca t i ons
to  be  i n -

0

(w l t h

S 1ne
Re ad ings

3 , 2 4 9
2 , 6 7 6
2  , L A 4
l ,  5 3 8
0 , 9 6 6
0 , 3 9 0

7th Harmoni c .

doub le  mu l t  i p l i  ca t i  on  gea r  )

D i . f f e -
r e n c e s

0 , 5 7 3
0 , 5 7 2
0 , 5 6 6
4 , 5 7 2
0 , 5 7 6

n  = ' 7

Four i  e r  coe  f f i  o  i  en ts  :
aD = m.., X d. = 0 X 2Ot l n n

b f  =  * Z  x  
*  

=  0 , 5 7 1 8

=  L  r654

x 2 0 =
a

mm
(  f o r  s i n e  i n d i c a -

t ions s ign found.
c o r r e c t  )

a v e r a g e  :  -  0 , b 7 l 8

cons  tan t
r l

(  s1gn found to  be
inve r ted  )

^ th

(  Wi  th  doubl  e

cons  tan t  
0

( s 1 g n  f o u n d  _ c o r r e c t )

Harmonic ,

rnu l t lp l ioa t ion  gear  )

n = 8

Four i  e r  coe f f l  c i en ts  ;

a ^  =  b ^  =  0 .ö ö

\J

c ons tant
??

?t

n

,,
t t

(wi trr

4 ,1Lg
4 , 7 6 8
5 , 8 0 8
5  , 6 4 9
6 , C I 9 9
6  , 5 4 7

0

U

n

+
+
+
+
+

o  , 4 4 9
0  , 4 4 0
0  , 4 4 L
o  , 4 4 9
0  , 4 4 9

(  s lgn  found cor rec t  )

mu l t i .p t i  ea t l  on  gear  )

n O
r t ü

F o u r i e r  c o e f f l c i e n t s :

a , ' = m r  X d . = 0 X Z Q  -Ü r n - g '

b g  =  * e x = + 0  , 4 4 5 6  x

=  +  Orgg0 lnm

2 0 =
ö'-

g
n

t .( srgn L'ound.
i nve r ted  )
a v e r a g e :

to  be

a v e r a g e i  +  0 , 4 1 5 6
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A s  a  c o n t r o l  c f  t h e  a b o v e  r e s u l t s ,  t h e r e  e x i s t e  i n c l d e n t -

a l l y ,  i 11  the  case  o f  1 ,he  i sosce les  t r i ang le -v ;ave  ] - i ne  taken  as

examp le ,  a  l cnown  deve lop rnen t  i n to  e  Fou r ie r  se r i es ;

Y = g - h  ( g i - L Ä  p i g - - ä . {  + s . f n p - . - ä  s i l } = ? x +  ' o " ' " ' ' )
'7r2 -r - 

I 2ä 49
tt

w i t h t h e g e n e r a l t e r m : +  B .  h  '  s i n n x- -??' 2 
-7-

t i n

f o r  g q g - g  n  =  I ,  3 ,  5 ,  7  . r . . - .  e t c .

Thus  fo r  the  choosen ampl i tude h  =  t00  mm,  the  va lues  o f
the  Harmon ics  theore t ica l l y  rnus t  be  :

l 1

a
I

!

LI

Ä

r)
t

I

a(l
n

t l

U

n

I I

h
v n

m!'n
+  8 i , 0 5 ? " - "

rnm
I  , 006 ' ' * *

m n l
+  3  1 2 4 2 " * *

ftlTfl

I , 6 54""*
rnm- 1  

A A f  l r $ 1 r

+  I r U U r

wh ich  i s  i n  f a t r  ag reemen t  w i th  th r :  mechan lca " l l y  c le te rm inded

va lue  s .

I I  .  Us ing the ins  i rurment  as  P lan imeter
- - - a - -  - - -  - - -

qs4-I*!esrelgr:-
I .  P l r r c ing  the  i ns t rumen t .-  

r .  
-  _  

l  t  ! r  t  ' -

Loqk the su/eep1: ig-arn t r  s  c r . r r r i  ege in  the cent re  o f  the

rack  by  means  o f  t he  l 1 t t i - e  t a rge t  i r i  n idd le  o f  t he  ca r r i age
b a c k .

P lace  the  ra i l  u } ,1on  thc :  d ra l v ing  to  be  n reasuqe$ ,  t h i s

t  i i r ie i raral le I  to t l ie observer as i  n drawi ng No .  2B3Lz /3L7 ,  Lay

the  whee ls  o f  t he  ma in  ca r r i age  f rame in to  the  g roove  o f  t he

ra i l  anc l  a f  f i x  t he  coun te rwe lgh t  t o  t he  f  ra rne ,  j us t  as  be fo re .

Fo r  us ing  the  i ns t ru rnen t  as  a  l i nea r  p lan i rae te r ,  no

f u r t h e r  p r o v i s i o n  r n u s t  b e  m a d e  c o n c e r n i n g  t h e  r a i I .

F o r  u s e  a s  a n  I n t e g r e t o r  (  A e t e  r m i n a t i o n  o f  t l i e  s t a t l  c

rnoment  and o f  the mone nt  o f  iner t la  )  se t  the two Eauges suppl ied '
r ru i  th  the ins t rument  in  such a  way that  the i r  ed.ges engage in  the

groove o f  the ra i l  and.  the i r  po in ts  res t  o iL  the d . rawlng. .  Then

nove  the  ra i l  backward .s  o r  f ' o rward .s  un t i l  t he  Bo in ts  o f  t he  
,  / .
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$ ä t i g q 1 5  c o i n c i d e  e x e c t l y  t o  t h i :  a x i s  o f  n o n i e n t s  x  x  ( i , e .  t c r
t h a t  ] i n e  w i t h  r e f e r c l i c e  t c , w h i c h  t h e  s l , a t l c  m o i r : e n t  a n d .  t h e

m  n r q n  *  ' { -  ^  f !IFo i i l en r  c r  i ne r t l a  a rc  v -uan teC) .  The  ra i l  i s  t i r en  a t  t he  p rope r
d  i s  t ance  and  pa ra l l e  1  t c  t he  a :< i  s  o f  rncmen ts  ,

z . ) 49.igs-!s-e.gj-{q-gq Lqssisin-e-t}_e -gre?. .

By turn in5 l  ihe  mi l led .  knob in  f ront  o f  the s lveep ing-
ar in f  s  car r iage l  ,  s l : t i f t  thc  broad.  head p iece i :ear . in5: ;  the ax le  o f
the  sweep ing -a r in  to  e  l a rge  d i s rance  aw i i y  f ron  t i i e  rack .  I r r se r t
the aux i l ie ry  t rac ing . i r in  hav ina l  the la rgc  r i r : rmed.  invarCly
t o o t h e d  c r c v l n  ü s  i : i  c c n t r e p i e c e  v r i t i : .  1 t s  v e r t i c a . l  p i v o t  i n t o  t h e
p iv , ; t -ho le  next  to  t l tc ;  s \ rJe, ' . jp1ng-ar r l , r  s  erx l -e ,  so  t ,hat  the aux i l . . ia r .y
i n t e g r a t l n g  r o l . l e r  r c s t s  o n  t h e  p a p o r .

T i l i s  l a * , -Le r  : . ' o i i e r  i s  t hc  ü reä r -To l l e t r  o r ,  ? rA r? - ro l l e r .

3 . ) {S;i qs lgriuij_ igJ,__q e U,.jJrLS i r],2-._Un-q*_g.!e.!.lS_ .r-noruen t .

I nse r t  t l : . c  eux i i i e r l /  t r ac inü  a r i l l  r r ; i t h  i t s  ve r t i ca l
p i ' r o t  i n to  the  p i vc t -ho l *  nex t  t o  t hc  sw i : rep lng -a rn r  s  ax le ,  j i . i s t
as  for  the aree.  Br ing t i l i :  c1 iu . , {1 l1ary  t re lc ing F l r rn  in  a} ignment
t r u i t l :  t h c  a x i s  o f ' m o m e l n t ,  i . e  .  p e r p ü n d i c u l a r  t o  t h r :  r a c i i .  T u r n
ti:e mei.in swosping i-iriii vct!1c_li.ly"',g-t-tii*!-higilql_Jgf"qi$g*!Lg
-g-p-q-Lry.gJ, ( I;o s i t i on i n d rarr; i ni::l ldo . z nafi tTI[-b ot t oil". un=äiow
the mi l led  nut  on to ,o  o f  the s t 'Jcep lng- r l r rn t  s  ax le  ar ic l  inser t  the
bgruagi_A__J"inrcg,}lg*_-a, upside dolvn, i. c. r, 'vi i ;h t}:r: stampcd
h&rrnonic nuinbcr et  bottom, i . l i id"  push 1t honr:  into rnr:sh r . ry1th the
I i r rg;e invalcl ly toott icd crorvn so thi . , t  i ;he &-rrc l ' ;  r : rar-ked ' r l 'u l . ,or no\r , j
v i s i b l c  o n  t h e  p i n i o n  (  i ü " ,  =  r n o m e t n t  o f '  I s t  o r d e r )  i s  e x ä c t t y
opp9s i  te  the sy f i imc t r i  c  ar iov ;  on thr ;  toothed crown.  i i l i  gh te  n  a  ga in
the  m i l l e  d  s  c reuJ  nu t .

, 'T i th  th is  r id jus t rn tn t  t l l s  rnü in  s !v t ' . \cp1n i {  &rm is  s ivept
t r v i c e  t h e ' . i n g l r :  o f  t l i , r  a u T . i l i c r r ; , , t r z c i n g : l r m ,  a n d  t h e  m a i n
i n t e E r i l t i n g  r o l l e ; r : : c t s  r i i : ,  s t a i i c  m o n i r r n t  r o l l e r  o r  a s  ? r i / r t ? - r o l I e r ,

.t . ) Acl!-ug_tme nt lglje]_e:M"_pqff;1_!_ ol_rqqrt i a .

I I i ser t  the;  i r l l . j / , . i t1 i ] r i /  t r i i c lng i i rn  w i  i i r  i ts  p ivot  not iJ
in to  the p ivot -ho lc  far th .os t  avvay f rc rn  l , i rc  r l i i / ccp ing-är . , :n r  s  ax le .
Proceed jus t  r : rs  f  c r  th , : ;  s ia t i , " . i  mc- rn :cnt ,  on l ; , i  ins t i r t ing  now the
thii l t  -1r:rnioli-c*.p!ni-t],1 uirsid"r: rLown. riv'hi ln the iruxil iary tracilg arm
ci : inc ides wi th  thc  a : ; i : r  o f  morn, , ; r i ts  end.  ' ;h r :  i l . c i i i t  swoc i ) ing u"ü  is
turned.  hor lgg l$u1,1v_ to- .  lhq  , r ig f f i  (  . ros i t icn  in  dravu ing No.
\BJ le /n tV ,  6)  in io  mesh r ,v i  t t i  th r :  invardty
too the  d  c rown  in  suc i r  i r  pos l  t i o *o  t i l e t  t h t :  a r rov \ i  m ' r ked  "M. - t t  on
p in ion  b : . i ck  ( t t i v , i r r t  =  monen t  o f  e *u  o rd , : r )  i s  exac t l ; r  o r t f poaS] t , ,
t he  e r row  on  th6  too thcd  c rown .

, / ,
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' 'Är i th thl  s ar. i  just inent the r :ain su/oeplngr arfü is sweptt i r i  ce  the ang le  o f  thc  auv; i l ia ry  t rac ing er rn ,  ar id  the n :a inin teg ra t i ng  ro l l e r  r * c t s  i n  t h l s  casc  i i : 1  i n r - . r t i a  momen t  ro l - l e r  o ras  i ? I t r  ro l l e r .  S i rnu l tane  ous l ; r  w i th  thc  ? t I t ? - l : - c l l e  r ,  r oe i r l i ngs  mu*  tb e  t a k e n  i n  t h e . p r e s e n t  c e r s e  r i l - s o  f : : o n :  t h c  a u x i l i a r y , r A ' ? * r o l l e r ,
f1  t ted '  to  the add i  t i c r ia l  t rac ing erm p is  the f  o rnu la  for  themonent  o f  iner t ia  i  s  i i  two- te  r rned or l i l .

5 . ) .c-gct{gggr tlftt$ I..be;*Li*IL{3:.-
r n  a d d i t i c *  b c  t h e  f i x e o .  t r a c i n g  p o i n t  i d r : ,  i ,  t h e

aux i l i a r y  t r rac ing  e rn i  i s  l r üv id .ed  w i th  c  m"oyab l -e  ( v r : r t i , o i i , ,
s l l c l i ng )  po ln t  l dc ,  2  ü1v inE  a  sho r te r  t r r - l c i ng  a r f i 1  J -eng th ,  wh ichis  o f  - ra lue f  or  me i j .sur i r ig  i rnr i l_ l  f  iL {ure  s .  l , ihc iev , ; r  p rac t icab le
c i rcumscr ibe d ia t j ra f l . i :  o f '  sna l i  he iü i : . t  w i  th  thc  m.ove ab le  po ln t
No .  e  i u  o rd . r j r  t o  ob ta in  e  g r r :a te r  t r r_ rvc l  o f  t he  ro l l c r s  andconseQuent ly  raoro i : .ccurate  ru  su i is  than r ,v i  th  thr , :  f  i x r :C.  po in t  ldo .  1  .

tv lake ä  m-a- r : l : :  on the out l lnc  o f  the f igure  to  be ( iva luated. .
Se; t  the choo$e n  i rac iüg po in t  on the mark  anc,  wr i  i c  d  c . rv , , rn  thcread lngs o f  the grac lLr l l tcd .  n iea.sur lng ro l le rs .  Iv iovr ' :  thc  t rac ingpo in t  ce rü f ' u l l y  a1o*g  thc  o i . r t l i n r :  o f  t ] : r ;  r . i qu re  f rom l c f t  t or1 . i h t  i n  c ioc l tw i sc  su I i J r ;  u r r t j - 1  i t  ccmcs  b r : ck  to  th t r  s ta r t l ng
L) r js i t ion .  i l c - 'ao '  aga i t :  Lhc mi lusur ing : :o l le rs  änc1 n , r i tc  c lovr : r  therü i id i r igs  L t t iCr : : '  t t i *  co : i ' J " ( :spond i r i : : l  i . i rs t  rc f ; ,c l i1gs.  Subt r i :c t  the:f i rs t  re i l r i i -ngs f rom t i i , l  söcond an, ' l  v r r i te  c lown th t  d i f , fe rences t roth , : r  r lgh t  o f  t l : t :  cor t :c : ;pOnain l , : ;  re ;ad ings,

l i 'h ' i  f1 / ;urcs  i ; i r ,  : t t  cxp i 'cgs t l1e t rar , r r , ;L  o f  the re lsnr=nt .
r o l l e r s .  

! . s / v v  u r l \ "  u r . i v L : r i  ( J I  u r r l ;  r ü ' > ! , t / u t , I v { }

, l
fn the f c-.,11. cu,rini{

t rave l  o f  r .c l - l_ t r  i lÄr t

i ,  i ?  f t  l t t , { f ?

t t  l t  f t  e ?  
f f ?

fci::rnul.ae thi>

( n u x i t l a r y )  j _ s  d c n c t e d  b : l
( n a i n  )  r t  t t

( m a i n  )  r ?  n

rea.ci  i l ig i  s e f  i i ;ure of .  f  ive or four
ar: .c l  t i : i , ;  thousanCs br-_r ing reaci  on the
f i i ' s t  co r rn t i n . , . i  d i sc ,  t l i r :  hund reds  and .

r? rn
i ' i  

i

6. ) RepgiJg"s gjp, c r r l c u i i i t i c n s .

' I l re  dr :u- l ls  of  thc l r i f ,o  i r r , r l t i  r r i r  - .c .1_lcrs  
i l re  d j -v lded in to

: : :  i ,1 i l l :^ t : : tL:-  
ol  

: ,  t ) : i r t  are re ac or i  thc vernie r .  oornpre te
4 v v  i / ( r r  u f , ) '  r - c j 1 1 t , i 1 ö  u l -  i i  l J i l j J t r  a r o  r e i l d  o r i  t h c  v e r n i e r .  c o r n p l e t e

;?: : t , * l l : l -_, : : . . : i :^  
t i . l : : ' i? l i ' * ,  rc t t* r  i i re shor,vn on t i re counr ingc1 isc  lv l i i ch  e idvancos ünü l inc  a t  evüry  su: .ch.c iLÄ v ' r r - ru \ j i j  u r j ( j  _L r r l c  e t r  e  vü ry  su : . ch .  revo lu t ion .  The  f  i r s  tcoun t ing  d l  sc  1s  a r rang lüd  f  o r  to t ,  l _  l .O  rc r , r c_ r lu t i  ons  .  the  seconr l. { r u i \ / \ a  r  t  r  t r r J  r . r :  J_  l u  I . f j vo Iu I l  on : l  ,  t he  secondc o u n t i n g  C i s c  f o r  t o t a l  1 0 0  r e v o l u t i o n r  o f  t . ; r e r  1 n t c g , : r a t l n g  r o l . l e r .

Each ccnp l i l t t :
d i . l 1 t s ,  t h e  t e r i t h o u s a n d s
seccnC,  Tes j )e  c t i ve l ; '  t l i r , :

/ t
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t ens  o l l  t he  d run  aud .  t he  un i t s  on  the  ve rn ie r .  The  me thod .  o f
leF+tgl3€--rsegis*!i:ls*-i;--d*.--i-p-:r*!--Lq---trs!-Äq
1gg Lrgge +t- ls -ir +-pg p.:*-4gqiys:i:_."

l vhen  tak lng  the  seco r i c l  r ' ead lng  a f te r  t h r :  f i r s t  one ,  be
c e r e f u l  t o  a s c e r t a i n  ( j u s t  a s  i n  t i r e  c e s e  c f  t h e  A n a l y s e r )  w h e t h e r
the  to ta l -  n io t i on  o i ' t h t :  i neesu r ing  ro l - l e r  has  been  fo rv ;a rd  o r
bac i c , ' va rd ,  es  the  s ta t i c  n io r i i en t  f f i& . f  be  i )os i t i ve  o r  nesa t i ve
^ ( r / 1 r - , r . . Ä i n - t  n c  + , - ,  ' n , ! . ^ + 1 ^ ^ -  + i ^ ^  t ^ , - ' r ' r -  . - : '  - r - - - t - - ; -  - *  

- . - -  v + v v

duL iu r - .uJ - i r . d  es  to  w t re the r  t he  bu l ]<  c f  t he  f i 6 iu re  i s  s i t ua ted  above
or  be low  the  ax i s  o f  monen ts ,  anC g in i  j - a r l y  t he  seco11c l  t e rm de  -
noted t f  i t?  to  be subt rac tec i  in  thE:  t r ,vo- terned f  or ' ,n :uL.a  for  the mornent
o f  i n e r t i a  i n a t t  i n  c e r t : : l n  c a s o s  h a v e  e  n e g a t i v e  r r a l u e  (  a n d  t h u s
b e c o { n e  i n  f a c t  a C d i t i v e ) .

l r o r  accu r r i t e  r i : j su l t s  t i r e  c i r cu insc r i p t i on  o f  t h r :  d . i eg ram
oug th  to  be  repee i ted  s€ )ve ra l  t i i l r . : s  i n  soqu€ jnce ,  i n te r i ne ,L la te
renC ings  be ing :  t aken  a f ' t e ; : :  eve r -V  ccmp le t r c  cyc le  and  t i r i l  a r /e rage
o f '  t he  d  i f ' f e rences  th r i r l  s t ruc i i .

The area A, t l ie s tat  r  c niome; nt  i r , i  anC thcr in*r t  ia moment
I  a . re  obta ined f ron t l ie  d i i ' r 'e i "ences s f '  ree,J ings i l  an i "  ro  o f  the
a re i l - ro l l e r  anc i  c f  t he  an .a .1 ; ; : : i n r : , ;  r o l l e r  ad  j u r . s tec l  f o r  t he  f  i r s t
rnnrT lo  n  t  : r i c ,i l r \Jur \ : r ru '  rc .spect lve ly  f roE ihe j :11ggLLAJfSpg_ä d l f fe rences o f  read ings
a  a n d  1  o f  t h e  a r e e  r o l l - e r  a n r l  t , l i ' . :  a n & I ; r s i n g  r o l l e r , , J d j u s t e C  f o r
the  second  rnomen t  h ;  t he  - l ' c l l . o r r , r i n ,  f o : :mu l_ae : .

F l r  t i : e  f  i xed  t rac ln ;3  po in t  l { , : .  l  (  r ong  t rac ing  n r rn )
A rea  :

S t a t l c  m o n e n t : "
j ' , {onent of  inert  ia :

For the ,ltov e ab i e

Area  :  A

Sta i i .c  moinent :  i , , , f

=  / /  x  C)  ,04 x

=  T  x  0 , 2 0  x

= 7i x x  ( r a  i )

r r r r i . . f  J ' . T n  D l
y v ! . ! 1 .  V  - l - l \ J .  : J  ! . s i l o r t  t r ac ing  a rm)

. t 4

m

( n ' a  1 )

a
r & J

-ä vj..l.r.
a7,\
.J

r.'vl Cfn

,4
l a m

J- \/r.ll.
A

a
IJ

tra. ci:: i6;
r)
i . )

i l m

i 7

€-?

cin

= l t T
lt

- -  l r  1 r

// 
-.!

= l t x '
i t

L r ,  u d

C , 0 '

i . x
ri

l v loment  o f  incr i ia , ;  I  c i i i=

' / . )  [ x a n p l e s .
/) lD , ?01) cirl

X
Thus wi t l : t

f l xeC  l t l o .  t  t r ac lng

G i - r e n  a  c i r c l e  c f  L D , z a s  c n i  i n  d i a n e t e r .
Tc rneasure ;  The s ia t i  c  moment  ancL t l ie
no inen t  o f  i ne r t i a  i i i  r e fe rence  to  t l i e
t t rn i r i en t  xx ,  t hc  c i r c ie ;  be ing  on  the
*;pJi I  s ide of '  the axi l , ; .

t h e  h a r m o n i c  p i n i o n  i d o .  z  a n d  u s i n g  t h e
r " r n i  n f  .
j / v  r l l  v  .



Re ad ings

OBBO
o nrl rl
v l J .  r

LZ7  4

347 2

5 6 7  I
r7 pr7'l
|  \ r / t  4

Stat ic  mclment:  t / i  = I /

Di  f f e rence  s

?,L97

t ' l  o ry

e l9B

3 t99

e?00

L3

Ma in  i n teg ra t l ng  ro l l e r  t

6 L / L 4

A v e r a g e t  I R  =  +  2 1 9 8 , ?

+

+

+

+

+

3
x  0 , 2  x  ( +  } L } B , Z )  =  +  I S B I  , 2 t  

c m

i,llould. the c i rc le have
tangent  the surbse guent  read ings
of  i tg r *ss ing  as  above I  thus  the
t i ve .  Th i s  shows  tha t  t he  s ta t i c
nega t i ve  Qüan t i t y .

For  the same c  l rc l  e
po io t ,  us ing  now the  ha rmon io

iv la in  ro l le r

been on the lSy_L{.  s ide of  the
wou ld  have  been  reg res  s ing  i ns  tead

d . i f f e rences  wou ld  ha r re  been  nega-
moment  must  now be taken as a

and  s t i l l  t he  f i xed  l do .  I  t r ac ing
p i n l o n  l d o ,  3 :

Auxi I i  ary

Read. i ngs

5 1 9  I
, - , a  A  A{ J 0 + +

BOBB

9534

L O 9 7  I

Le4e4

a rea - ro l l e r

D l  f f e rence  sRead. i ngs

9 5 0 4

10706

r19 1e
r3r I3

1431  6

1 5 5 1 6

D i f f e rences

+ LzO'e

+  l Z 0 0

+  I ? C t

+  1 2 0 3

+  1 e 0 C

Average 1

+  1 e 0 2 , 4

+

+

, +

+

+

L445

L444

L446

L445

L445

Ave rage

a =

+ L445 ,0

4
croi ü loment  o f  iner t ia  - f f x

u x  ( z  x  1 4 4 5 , 0  1 2 0 , 2 4 )  =  l 3 t t l 5 , 1:f

rA.)

{< *< >F *< * > k > t *



 
 
 
 

 



 
 
 
 

 



 
 
 
 

 






