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On the Precision of Displacement Measurement when the
Marking Points of Newton’s Rings are employed

Tkuo IxEDA

Abstract

The present method of measuring a small displacement is devised for long periodic
and precise measurements. The apparatus is constructed from three separated parts,
i.e. making points on the specimen, measure, and optical observation system. Two small
convex lenses having large curvatures are used for the indication of making points. The
measure is constructed from a pipe of fused silica and two plane plates of objective
micrometers (Fig 1). The observation system does not include any special device. A
reflecting microscope is used for the production of Newton’s rings and for the reading
of the pattern or for the purpose taking its picture.

The characteristics of this method are:

1) the center of Newton’s rings can be detected most precisely than any other
mechanical point. Then, a microscopic indication of the making point can be expected.
The probable error of the value indicating the center of Newton’s rings is smaller than
0.01 4.

2) Newton’s rings appear on the face of the microscopic objective micrometer.
Therefore, the difference of magnification of microscope can hardly be a reason of
introducing errors.

3) since the measure has not any moving part, no backlash is included. The high
precision of the measure can be maintained during the whole period of observation.

The precision of this apparatus was extremely high, when microfilm and photo-
micro-comparator were applied for recording and analyzing the data, and the calculation
was strictly performed by the method of least squares. The probable errors of the
resultant values were within 0.2 x.
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Fig. 1. Method of measurement Fefeps 21lmm JyE 24mm Db OT

G : Glass plane plate of mieroscopic objective HDoT,
micrometer N~ e
M: reflecting microscope B R A 084 Q o i Wi 1T
Q : pipe of fused silica with two micrometers A e A 7oA~ ~S (B
at the both ends, (measure)
S : objective micrometer TR Jul—F— &3 A
N: light from natrium lamp e b s . —
H: support of the measure DFHFETHELLEDTH S
L: lens .to produce Newton’s rings 1) 463 X < b SET g5
T : specimen
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Fig. 2. Device for the setting of lenses
=7 Q: pipe of fused silica
R Uil RO L8 Z R H p : holes with the diameter of 2.25 mm
Iy standard distance between the two
TRLEZAOGNT, <4 7ot~ HENE marking point

N [ . : br lat
THC LTHE SIS vy 2 R licfpiciig B: brass plate
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Fig. 3. Microszopic photograph of Newton’s rings and micrometer scales
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Fig. 4. Recorded papers enlarged from the film in Fig. 3 by
the application of photomicrocomparator

(A) the case of magnification of about 32.6

(B) the case when the film in Fig. 3 was further enlarged
The maximums of the curve in (A) correspond to the
minimums of the curve in (B).
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Table 1.

ROR I DT

of the center of Newton’s rings
(A) On the recorded paper of Fig. 4 (A)

Determination of the position and precision

The number
of ring

Position of the interséction of
the ving and straight line X X7
in Fig, 3

Radius of
the ring

Position of the
center of rings

[ox B+ B N -V

S =2

10

10.02 6.49
10.38 6.13
10.69 5.82
10.96 5.54
11.21 5.31
11.43 5.07
11.64 4.86
11.84 4.66
12.03 4.47

1.765
2.125
2.435
2.71
2.95
3.18
3.39
3.59
3.78

8.255
8.255
8.255
8.26
8.25
8.25
8.25
8.25
8.25

mean 8.2522

Probable error 4:=10.0008=0.025 &
Magnification, M =32.663--0.014

(B) From Fig. 4 (B)

Position of the intersection of

P | B wy Sl s e x| gt | Foston of e
2 44.74 18.86 12.94 31.80
3 47.40 16.20 15.60 31.80
4 49.68 13.96 17.86 31.82
5 51.66 11.98 19.84 31.82
6 53.44 10.18 21.63 31.81
7 55.12 8.52 23.30 31.82
8 56.68 6.96 24.86 31.82
9 58.16 5.46 26.35 31.81
10 59.54 4,10 27.72 31.82

9% =20.00195 = 0.0082 #
M =238.90-:0.13

(C) By a divect reading obtained from the civeles of the rings on Fig. 3

mean 31.813

The number

Position of the intevsection of
the ving and straight line XX~

Radius of

Position of the

of ring in Fig. 3 the ring center of rings

2 23.3xX107*mm 12.3X102mm 5.4 X107 mm 1791072 mm
3 24.4 11.4 6.5 17.9
4 255 10.4 7.5 17.9
5 26.1 9.5 8.3 17.8
6 26.9 8.8 9.05 17.85
7 27.6 8.2 9.7 17.9
8 28.3 7.5 10.4 17.9
9 28.9 6.9 11.0 179

10 29.5 6.3 11.6 17.9

mean 17.88>X1072mm

720,08 #

117
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Newton’s rings O EDEH N C LIEMHHEGBEETHRMTE 5, MTFEICELLINS
DT WEHIE RS BBABUBWIRREESMABTHD, Z0OHIZI0CHET LM, b
OHOMMRICOWREDORLFYUTFTTH b, L THEIC—WEBOIERTH T 10 WRLEL D i
o DHRMETH 305 001 p DRIEAR O L b HETE LS, BHEIc Tablel XD vy
ZOMFRE R 2R 5 & rings OREAE n & L, rings ORFEE v, E T 5 & nRi=r, (1
LAENOWHRET0583 w) ThsHhro,

Table 1 (A) & 9 R, = 2.309 = 0.027 mm
Table 1(B) & » R, = 2.320 = 0.026 mm

BRONE, R ERPN_IECIDIRMEETH 5
3-2) WYPIAIAA—-F—-DFEE
WERNOHEEARET Z DR, BTFvA 70X ~F KD THNBINEL SN
B OHREER D ENTHREY, B THO SN BRI N THMBEIC X D2d D
T%é@%%ﬁﬁ7@%@ém%%ﬁm,H&ﬁvdﬁmx ~ S —HEOREIVEIEGN
Zrlpfrang, LrUEBICMERBR CHMBETHTROLNEOTH L 00, TOMEN
DOWFEIC L DB, BEMETNERELLTRA /I~ ~ZD0b0DFEIOEET
HHEEDNE,
WH LIz~ 4 70 t—5—0HEHREE 0.0lmm OBETH O, AEMRO M
107ME 124 ThH D7, Table 2 A IWREN AWM EMENCHIR~ A /0 A —F — LB E
THIB6 I Bl Liciiik A s & T 101 A0 ¢4+ 10 Eic 5 T 1E 16 A9

Table 2. Precision of the objective micrometer by using
microscope and photomicrocomparator

Obsevation equation a+ky=mi (k=1 2, -, n)
1

Case | (A) ] (B)
Number of scale lines used (n) 101 t 12
The most probable value of the distance between (o) —1.875
two adjucent scale lines on the recorded paper (o) 0.35344 mm i 2.3960 mm
Maximum value of residual in actual length 0.56 # 0.17 1
Probable error of a single observation, (r)

on the recorded paper 0.0074 mm 0.017 mm

in actual length 0.2 ¢ 0.07 &
Probable error of most probable value, (ry)

on the recorded papér 0.00008 mm 0.0014 mm

in actual length 0.0023 # 0.0054 #

The most probable value was estimated for the actual length of 0.01 mm. Therefore, the
magnifications of the optical enlargements were (A) 35.344--0.008, and (B) 239.604-0.14.
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-y (=1, 2,

DEHS
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THDoTI 2 & LT Newton's rings 1c & 5 155

MLHE B ORI DN T

3 53 19T B R
RS ALE R T —HIT
7 (— B X
Do Yo i ERERIFH 0.0l mm IcHH% 9 2 A 5
Te ROfGHRARD 5T
Sk B DI
ERTMTHD, 27 ~n Eo—
ke 3E D

ZOROEIE Lc BHEic &
HLOOREE O Yo
z HOFtH &1
HRD NI
%, Fig 4 1R Uil Bf0 & MBI D /o #(32% Tables

An example of adjustment of objective micrometer
(A) Culculation from Fig. 3 A

c+ky=mx

Scale on the

Reading of the

Residual converted

micr(;cmeter 12‘? g)rgled paper re(a}g{xfgcgggle into actuval length

{mm) ek ey (4)

0.40 1.02 1.024 —0.12
0.35 2.66 2.657 +0.09
0.30 4.29 4.290 0.00
0.25 5.93 5.923 +0.21
0.20 - 76856y
0.15 9.19 9.190 0.00
0.10 10.81 10.823 —0.40
0.05 12.45 12,456 —0.18
0.00 14.10 14.089 +0.34

29 =14.089:14-0.004

Yo = —0.32663 - 0.00014

r=0,17 # in actual length

The minimum unit of the reading (0.01) corresponds to 0.3 # in actual length.

(B} Culculation from Fig. 3 B

k ek YN v

(mm) (#)

0.30 2.82 2.859 —~0.16
0.25 14.86 14.804 +0.23
0.20 - 26.749 -
0.15 38.68 38.694 —0.06
0.10 50.64 50.639 0.00
0.05 62.58 62.584 —0.02

a9 == 74.529:10.025

2o = —2.38898 4:0.00131

The minimum unit of the veading (0.01) corresponds to 0.08 # in actual length.

#=0.11 # in actual length
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3, 41279, Table 4 |3 Tables 2, 3 %MW\ T QRS EDPREDHELRT,

A 7 u A =5~ O E RO ARM & Y O OeRE, S iR E N D M,
BATIRED LTHIARROBEEFGATLE D, TCTH—OWET 4 v a0 NEMEETD
G DRI T 4 v AT DTSRG A LT DML THERD s, ORI
B DRENCAT IS b N O TR Y Y AR LD Z N0 TH D, Tofiroffon

L5
e va, L ENICEERALE L Table 5 IT/REN T

72 ¥ay vy BUERR Y &EEAEALE D
BB THEE S E {00, ¢y QN IEEMMFOEEOL T DN S EDTH 55,
Ty ¥y ECEHMME OB S IMCHBEME RORBAI S I X2 T 5, (it 1 &)

Table 2 BY 12 XD THHS ML, w4734~ ~DE 6D &EF, JEMMEHIC L 53
JeHmD THRRIEE 02 B, —HlES D oM HRE 0L BN EL DTS, Lk,
12 Newton’s rings 7# 35 72 DI BN 2 Lo & &3, FEHE H R0 & 2 ER
DTNDECTHDTERD BT H 2 DT, FRALIREE RS LTI FR.G%E 0.05 mm o

Table 4. Determination of the position of the marking point

Case A; calculation from Fig. 3
Case B; calculation from the enlarged negative plate of Fig. 3
Case C; calculation by diréct readings obtained from the circles of the rings

(4) 1 (B) €

(1) Adjustment of the objective micrometer c+ky=mz k=1, 2, -, n)

Number of scalelines used : (n) 8 ’ 5

Most probable value and (o) 14.089+40.04 74.5294:0.025

its probable error: (o) | —0.32664--0.00014 | —2.38898-0.00131

Probable error of a R

single observation : () 0174 l 0.114
(2) The position of the center of Newton's rings 2o

b

Number of rings used: 9 i 9 9

ot probable yaine of () 8.2522 31.813 17.880.01 mm

Probable error of the (2] 0.0008 0.00195 0.008

most probable value: % 0.025 1 0.0082 4 0.08 #
(8} Converted value of (2) to the adjusted scales (1): ifozﬁql-/;o{Cl

Tosition, soﬁl,tf;z center of ;) 178.69 178.80 & 178.8 1

Creomgion " oL e 0.13 0.14 4

Since the position indicating the center of Newton’s rings can be shown by

20— 2 2 2 . 2
Bo et %o , the resultant error must be <-~~> =-L°—Jr—t— +<77J° ) .
Yo to (%0~ 10)? Yo
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Table 5. The precision of reading from the same film
Film (A)

%o M Tz ry 7z to

(#)
1.6292 32.58 0.0056=0.17 # i 0.0009 =0.03 # 1 0.0020=0.06 # ’ 237.540.3
1.6284 32.57 0.0064 ==0.20 0.0026 == 0.08 0.0022=0.08 237.640.5
1.6282 32,56 0.0082=0.25 0.0013=0.04 0.0024 ==0.07 2378404
1.6263 32,53 0.0062=0.19 0.0010=:0.03 0.0023==20.07 237.640.6
1.6268 32.54 0.0164=0.20 0.0010=0.03 0.0023=0.07 237.740.6
1.6293 32,59 0.0024=0.38 0.0020=0.06 0.0016 =0.05 237.840.6
1.6284 32.57 0.0096 =0.29 0.0014=0.04 0.0015=0.05 237.44:0.4
1.6295 32.59 0.0096=0.29 0.0016=0.05 0.0016=0.05 237.7-4:0.4
1.6773 32.55 0.0117=0.36 0.0018=0.06 0.0015==0.05 237.8+0.5
1.6291 32.58 0.0055=0.17 0.0009==0.03 0.0018=0.06 237.6:-0.3
1.6285 32.57 0.0148=0.45 0.0024 =007 0.0016 =0.05 237.64+0.7

Film (B)

o M Fo ry 7z to

*
1.6277 32.55 0.0055=0.17 # 0.0009=0.03 # 0.0026=0.08 # 229.14-0.3
1.6277. 32.55 0.0055=0.17 0.0009==0.03 0.0047=:0.14 229.04:0.3
1.6277 32.55 0.0055=0.17 0.0009==0.03 0.0032=0.10 229.140.3
1.6282 32.56 0.0047=0.14 0.0007 =0.02 0.0033=0.10 228.94:0.2

2o 18 assumed 0.05 mm in actual length. Then magnification M is given as mentioned
above, and the probable errors 7., 7y, 7= are converted into actual length.
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Table 6. Example of the difference introduced by transition
of microscopic field of vision

[

Film i ! M T Ty I 7 to

,,,,,,, . , . | . o (
A 1.6277 32.55 0.0055=0,17 # 0.0009=0.03 & 0.0026 =0.08 «# 229.14:0.3
1.6282 32.56 0.0047=0.14 0.0007 =0.02 0.0033=0.10 228.940.2

— ! i

B 1.6280 32.56 0.0064 =0.20 0.0011=10.03 0.0040=0.12 228.740.3
1.6298 | 32.60 0.0059=0.18 0.0009=0.03 0.0008=0.02 l 228.64-0.3
c 1.6295 32.59 0.0061=0.19 0.0009=0.03 0.0031=0.10 228.94+0.3
1.6289 32.58 0.0061=0,19 0.0009=0.03 ] 0.0022=0.07 228.84-0.3
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Fig. 5. Error due to the inclination between the micrometers
of the both ends of the measure

When AQO=7rc=A40 AC=a £ AOA=qa
BiOQ=7y=BO BC=b ZBO’'B=f
OC=R.=0C" CH 1 AoB, <CCO0=r=«C'CO
OC=Ry=0C" CC'=d ZAL0=5=<ACO

C/H:Q’}a 2n—LACB=8
C’"H =

then, O=a-+f
ABy=AC'+ B0 +C’ H+ C"”H=AC+ BC+xa+xu
za=d cos {2n—(8+7)}

@
Tmm—a, $ing= ot cosb=—r
g R.’ R.
. 44
d=2 Rq sin —
2
Therefore

Ta=71qsin a--2 @ sin® ,_2"/’
In the same way,
Lﬂ
xp=7s8in §—2bsin

then,
—_— 5 : . L, ., R
AoBy—ACB=rq¢sina+rpsin §—2 <a sin® > + 0 sin® P > (2)
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bdDE, WERNOE X HiIcLrRRNESG 024 &30, HEMRBOZBIICE L THLN S
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COREPOMEROFTFEOBTERSBM S NI S, MEROZEREIC I > TlER
OEMWABICLIOWEO YA 70 A~ —ICHiEDETEEBHELONE DO TONES
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W Fig b o @it Ta=boifa=FThHY, a& alDiiz(2) % 0}
THEIOIBMEEEEHBECLESTES. LA LUEABRICEMOS 2 & SBRUMEROE &
FTHETE LROBWENKREN N, TOHBERIHELAREICRLTETEETER,

FORENHER, FAHET ORI TENENEOY 7ol —9 —BNEFICE L L
SIEIED, el RIcEELT, B EEEEEOWEMEERETEE L5, Ho

VY RERA T~ ~ DERIEE—EICTE LD ANERHET 2 ETH S
@&ME@%%HI%mm%ﬁ@S®O&MB$®H®K%é%¢é<@SM%KT%C&
BHohiz,
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. Fig. 6. Extention of a glass tube for temper-
3-8) £ B f ature variation measured by the present

. method
Fig. 6 IC 3361, &Y A58¢ DR ) ‘ N
g ORI PR, D A O In this case, the linear expansion coefficient
BOEIDEEBICXABIbERST TS T of the glass tube became 0.078X1074+40.004 X
. " - 10—+, as the observation range was from 17.0°C
CH B, MTHBAPICRY BN, B to 32.2°C, since the length of the measure was
mvvf@@@mmmim%ménto 605 cm.
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1) I Ikeda: Memoirs of Fac. of Engineering, Hokkaido Univ. Vol. X, No. 4, 491 (1958).
2) dLiEEPS. o v 29— b &rhiseild. HRI344E3 A, p 81



