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; ool i o : ; i hows the princi )al
; Lo 1. Individual Parts and Function | ‘, FJE 3 _P pal
| i H ! | -sechons ' 11

Jivided into two, the internal and external

| | T N Cr O I. Eyepicee ' E‘{tcrndl sccllon — Prism chamber A and B
: : 2. Dioplrie seale Gsliding scale of T opt/mm ta 20~ 1) 7 ; Internal section — Illlhlput switch, trausformer and illumination lamp chamber
3. Dioptric adjuster Cadjuster Tor eyepiece) =t ” {Incident light chamber for A and B
4. Contrel screw lor scale mrrcciinn : ; . ! = HI :M‘”“ and Optical parts :
6. Dispersion knob (far “,u[m‘; Amici prism) A and B of lhe e‘{lelml qullOﬂ are, as already mcntioncd, the most important parts of the rcfrac.tomreicr.
7. Dispersion scale . + When liquid sample 1% IHJCL[t.d belwecn Prisms A and B, a thin layer of about 0.1 mm is formed. a and b (fig. 3) are
R, Digpersion scale indicator : cmpty chambers usn,d for urculdhou of cold or warm waLc; o maintain the temperature of the sample at a fixed degree.
11, Standard measuring Prism A in housing. ‘ Stainless steel is used for the metal parts of Pmms A and B that corrosion and rust created from the samples are kept
2. Cover measuring Prism [ in housing . I at a muumum \lorcovu Pmm‘{\ with frame can be casily delached for repair or replacement in case it is damaged,
13. Sctting nul for Prismm A or corroded, ctc. [t { i !
15. Stopper for Prisi B . The internal secllon is pdrhhoncd 3 pmls
7. Prism A oullel ‘ Light source is connected tg) L1 La from 1A. of h'msformcr
18. Prism B inlet . e I Li illuminates scale thr‘olugh a green filter.
19, Prisin B outlel 11 Lz reflects on Mz and ?Igilers into B.
25, Swilch 111 The dar}; and bright boundary line that cmerges from A is reflected on M2 and enters into the upper sides
26, Socket for scale ilhwimination lamp of X, Y (Almu Pr}sm) I\lh is designed for clnnL,mp the reflective angles togelher will scale, by rack and pinion

A 27. Socket for measuring lamp up-down ”19“0“- i |

29, llectric cord i !

| 1 - Dinpliragm
i

- . . it i L 15 . . ’ ; ¥ K
5. Screw driver for control A Main measuring prism A M1 oo, Surface reflection mirror >
& ¥ it . .
. : A . Fo— i 1 | - ‘ M
9. Meusuring knob {for removing boundary line) B e Dispersion prism B3 L M2 .. ditto
: N . L a Temperature regulatin chamber Mataa ditio
10. Radiator for measuring famip : ) F E &9 i v o
11, Standard 5 7 b. guact WL i ditho.} :5::'.:;,.,”.”,5
. Standard measurine prism A in housi 1 ‘ : b
' suring prism A in housing 0 il Polarizing prism fnr scale reading ditto |
e sewen il iane Tl
T4, Rod serew driven : |y Secale reflection l"mm i ¥ vveee. Amici prism Jz s“.m,
C16. Prism A inlet (For Lemperature controlling . TP b Tyigdens, & ; il Y lisuisn ditto 4
by Water Circulation) 1 e Cross Jine 0 Teleseope B L e ::olfq_%n;;lm-.!» Fou
IS R—— : K Objective o (I Al s and s
20, Tlhermomeler socket e i QJEERECICHS - i dispersion scale faemer
- % P . Scale itlumi l'zlin'-'. lamp : #
21, Thermomeler : i e ‘

272, Test picee for control

23, Reflection prism for test picce light

24, Monoabrome naphithalene il K5 L)

28, dospare bulbs 6V, 0.2 A

o 9 @ W

i | ! ~H
i The light from Ly Lz enters the lelescope threugh- the route is illustrated. Optical view of telescope iz shown
: i ' in Fig. 4. | f .

Visual field of measurement

1
®

3 liel ‘ ] In case a white light m used as an incident hgllt dispersion resulting from thf. changing critical angles due to
g Cross reticle !
7 31 B | I | different refractive 1ndcxcs 'of the wavelengths, causes the bright-dark boundary lme to color thus making it unclear.
2 2) 31 Boundary line ;
g I ——— 10 correet and attain a Lleﬂi‘. boundmy line, two Amici Prism X and Y arc installed.
33. Reading fiele i

¥ and Y Amici prisms | '1rc combumi on of cach 3 prisms suitable for refractive indexes. It permits light to pass the

|
|

Scale reading indicator

1 .: ] B ’1 1 D-line without changing its d]rcctmn, bul when light of other wavelenglhs passes, it changes direction and causes disper-
I l 35, b scale (minimum reading 1) : ; ] 5 s o s ; .
vl ..m.hm 1 rlnumniuw e > oy 2 sion, Set Prisms X and Y W m.h have loidlly the same dispersion index as in illustration, and if only Y is to be made to
:r|.|nr\|m ——{35 36. Sugar 7o scale (minimum reading 1) X CEE . . ; . ; W
[ ml.ne around the Jﬂl]f.“ al a dispersion will be reciprocally negated as per posibion at Fig. 5, bul in case Prism Y is
Ry e é‘g\‘ . made to rotate half \‘Jd} frclm this position, dispersion will be doubled. Ience, by appropriately rotating Prism Y, the

same amount of d 1bpc,rnon crL ated by the sample and Prism A shall be made Lo disperse in the opposite direction, This
will prevent the boundmy lm(, from coloring,

G
!

The nD of \'\hllt light qour:.c' can be obtamcd by romLmL the Amici Prism. Z is for reading the rotating angle of Y

and used to L.dll,l'.I.]Cll.C the a\'d’dgc diSDLISl()Il of the sample,
. | :
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not, a test piece made of plass wiih'lcnov»‘fn refractive index is atlached each
imlrum(‘nt Thisis marked n D test plccc(Z”} should be plasiered to measur-
ing Prism A usmg IllGIl()[)l()Ill»-il-lplil.]l@ﬂ as shown in Tig, § and the meas-
u:mg light (27) is reflected. by LufleLLlfc prisnt (23) into the l’ési piece. To
pldSl.er test piece, the polished of :thu i)fisin is the binding side and the other
thchnhtmq side. ‘:: ; I t

lUsduL (Refer to Figs|'| & 2) g
i | :1

! [1-2

T I S ‘l

i | I
1 i

'Conm,(,t celectric wu] to' powvr bOLllL(.

Push on lhe ‘SW[[Lh anq see tillougll uyt,pis.u' [hL scule fu.ld alone can be seen clearly, Turn knob (9) to check
‘movement of SL.I]L l"llc switel is usLl for both the measuring light and scale llumination light that when the

switch is pushed on, Hu:;'c will be no' light unless sumple is inserted.

JUse available sample, such as distilled water, ete, for ftrial measurement, Remove slopper (15) of Prism B and

jopen Prisin B housing. 1 i ;} L

Clean the surface of l‘rhm A dlld |put a few drops of distilled water. Close Prism B housing quietly and secure

it with stopper. |'_ " ' :

i H
When Prism B housing is closad, }:O mm liquid layer will be formed between Prisms A and B, therclore, only
| i

a few drops of liguid 5'1mph, is required. But in case vaporable (or fluid) samples, double volume are required.
[:]

lbubblu which prevents clear boundary line. Remove the bubbles by opening
dnd closing Prism B, two or three times.

Such as samples, may :::luc ed of air
‘

-LOU}; into eyepiece, turn knob (9) to obtain 1cadmg of aboul 1.333 on the scale. When dark and bnﬂht pertlons

appear on the measuring field, de'LHL diopter ('%) to gel a light and clear image of the crossline.

Again, b$3 turning knob(9), return :illc boundary line in the upper visual field to the center, turn dispersion control
knob (6) on the left-hand side :unl"g‘olnlc the Amici prism, This will get rid of the color in the boundary line and
given a clear line, which will meet a? the crossing point of the cross line. The reading on the scale at this point shall
be the refractive index of the distilled water used as sample. '

The temperature is adjusted at EQ'?C, therefore, measurement will be condueted under a unilormed condilion
as far as possible because (he refractive index varies according to room temperature where experiment is to be
conducled, the temperature of samplc_uscd, the temperature of the instrument i.tsclf, cle.

Minimum reading of sc:aie will indicale down to 4 places of decimul ef nD. accuracy, depending on the personal
equation of eye measurement, is O.b(){]E but the difference czt:u:;cd by tcmpcr:ituré is generally higher,

Immediately after the mc—:nsurcménl‘., the auxiliary prism housing should be opened and sample wiped off.

(Cleaning method to be explained later.) o o N

Calibration of Reading (Rcferé-__f"ig. 5)
I

How lo use test piece B il =

Test mece

To check whether the Ircfraclmnc,t{’:r is indicating the accurale value or

20

Be sure that no mGnObrOme naphlhalL,nc should be oozed out on the

Tight pass through the surface of LLSL pwcu and Prims A.

A small amount of moncbrome-naplithalene used will prevent it from cozing oul, but in case it does, wiped off

carefully so that it will not stick on the surface of the test piece.

il
After pldsteung is f;mshcd look mto eyepiece and tally the refractive index of lest pm,c, with the reading

of the scale. If boundary line comsicles the crossline at croasmg, point it shows that an accurate reading has been

.-.-obtamed. If not obtameld, the followmg_stcps should be taken to get an accurate reading.

]

a. Use attached scrc\x" driver for adjustment (5) of Fig. 2. While locking inside the telescope,
screw [or moves boundary line up and down.

turmne the

Besides the above, rechcck Lhc reading by standard sample it is desirable if the standard sample value of
nD is similar to the m. LﬂSll]’Lﬂg sample.
i i 3

Instead of usilngja standard 'éfdmple, distilled water can be used, The nD of distilled water under various tem-
peralures will be shown later,

It

L

Feliectian prism

5

i i 11 T T Rl e | S IR ) R 0 i B
Correction of t_cmpcmu‘lrc (Refer Figs. 1 & 2)
|
Refractive index|changes 'accordmg lo temperature. As difference of 1°C will have an effect on the nD down
\

to fourth decimal i}lucc, it w111 be su[f:cmnt to maintain the sample temperature within * 0.5°C. difference.

How o obtain 112DU Bl b L : -

B.

0.

a.  Use conversion lable

b.  When conversion table is unavailable, use cold or warm waler for temperalure control
i

(Refer Lo Iig. 2) Eﬂmplc Luupemtme wil l be read on a Hmmomcter (21) affixed to Prism A. Calculate 11 D by use
of conversion table and mcasuud at room temperature.

(Refer to FFigs. 2 & 1) 1120" Lcm also be ublamed without using conversion tdblc measured at t°C room tempera-

ture. First, measure at L(, hé known value of ‘ID which is similar to the nD of the sample tobe measured. Look

at the scale fiel d dﬂd turn thc knob (9) round twice, Obtain the known nzg on the scale and keep this position
fixed. Next, umhol sCrew (4) is turned with the attached screwdriver and adjust the boundary line of the visual
ficld to meel at the croasmg, ipoint of the cross-line. Now, as the reading of the instrument is so adjusted to obtain
nzj) at room iunpcmiu:e e'l'“] in a limited adjusted scope, the unknown sample can be measured after cleaning
Prisms A and B. Remark th:t the temperature of tllg instrument should not affect the temperature of the sample
wlien mcasurcmént is L:ondt}chd al room temperature, Thus, atteniion must be paid to the room temperature

; if i
where tlie measurciment is condueled and storage place of the instrument.

To obtain 11:ig when conversion lable is unavailable, therc is a way to regulate cold or warm water in chambers
of Prisms A and B

How to mecasure s JmpIL (Refer to Fu,,s 1 .82
sample light-path
|3l -pa

TOJ liquid sample f ' R R

As previously mmlmm,d m Page 4, 3-C, mcasurcmcwt for

liquid sample shouhl be calned out in the same \my as for

distilled water, lum \noh 1 (9) according to the 1efraLt1vc
index of liuid! smnpl ‘

Jmt scale to ch bright and dark
view in the measuring l"u,ld Next, turn-knob (b) to get a clear
boundary line, then, tumn ]I(l‘l()l) (9) again to make the bound-

line meet with Crpssin'tf point of bross Lines. Thus, the

desired refractive index wil] be given in rmdxm__, of s¢ dlC
i . [ b l

\

i

il

For solid sumple ' /| il

Amorphous: materiul-Amorphous material-solid or semi-solid which can nol be placed belween Prisms A and B
] :

should be plastered on PrESm A by use of adhesive as shown in Fig. 6 Do not use auxiliary Prism B. The critical an-
gles of such samples will bc measured by use of the total re flection. Morcover, the face of adhesion of the sample
must be optically plane, dlld the refractive index of the ac .]lLSiVL should be larger than the refractive index of the

sample and smaller than t}mt of the standard prism. The monobrome naphthalene (Cio Hv Br) attached to this
20

“instrument in n s 1.6582 and small refructive sample should be used above value. And for large refractive

sample, methylene iodid nm L7417 is suituble. Bt the prism be wiped clean immediately after used to prevent

it from being affected. Suhdq wite rectangular faces: In case of glass malerial, any transparent material having

rectangular, no need to pohshcd on both faces. Only the adhesive surface should be ground to an optical plane,

Measurement is Lhus C;irrigcl out by total reflection as per. mentiond. Another method would be Lo polish two face
| | I i
and measure the same way as the testpicce method,

8|
il

(&g ]
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. For powder sample T Hf
! i : | | [ I
By changing in divers ways, like mixing ratio changes for two kinds ol dilferent refractive liquid, can be obtained

the varying value of n belween na & nlh.

Jut liquid must be well mixable propertics Thus, when the sample power is inserted into such mixed liquid,
: ]

through eye the reflectioni of Tight will dirappear from the surlace of the powder in case n of mixed [uid and

2 i
powder is equal. i

When the mixed liquid is measured in a similar way as paragraph A, the refractive index of the powder sample can

be oblained. Any solution to be used. for mixing if it does not dissolve or act upon the mixing. But, volatile solu-
. i i ;

tion may changes n during nieasurement,

The gencral used material’s refrective indexes are showing on the Table factor,

7. Remarks g

In order to protect any loss inoperaling performance, special attention is required against humidity, dust,
corrosive chemicals, oil and others. .

Therelore, alter used, especially on ‘the prims surfuce has to be wipped off gently with Alcoholsouked pauze
al onece, : '

Then, the Adeohol must be removed by a dry clean gauze.

1. Remove the thermomeler (21), stopper (7) and
open the Prism B,

2. Take off the nut of prism chamber (14) by using the
attached screwdriver.

3. Prims A housing can be detached.

4, To fix the spare prism, hold prism housing down
while securing it Lo instrument and fix the nul with
screwdriver, When spare prisim is replaced, the posi-
tion of Prism A must liable to shift slightly. Proper
adjustment should be made in accordance with the

. aforementioned method See, (Ilow to use test picce,)

Refractive Index (111)) ol Sucrose

1

> Solulion at 20°C

I{L(';Sl;i)m: (") Rc.'r}(;]"[)n;: \l ) R({-?;gi)ng () ]{L(':r}:i)ng ) R{&::;(;i)ng (")
0 1.33298 20, .| | 1.36382 10 1.39982 6o 1.44187 80 1.49069
1 "1 dnd00 21| |1.36549 41 1.40177 61 1.44414 81 1.49332
2 1.33586 220 | 1136717 42 1.40374 62 1.44643 82 1.49597
3 1.33732 23 || 1.36887 43 1.40572 63 144874 83 1.49863
4 1.33878 24| 1.37058 44 1.40772 64 1.45107 84 1.50132
5 1.34026 25 11.37230 45 1.40973 65 1.45341 85 1.50402
6 134175 26 | 11.37403 46 141176 66 1.45577
1 1.34325 27 11.37578 47 1.41381 07 1.45815
8 1.34476 28" | 137755 43 1.41587 68 1.46055
9 1.34628 291 | {1.37932 49 1.41795 69 1.46296
10 1.34782 300 |in.38111 50 1.42004 70 1.46539
11 1.34936 31 | 1.38292 s 1.42215 71 1.46784
12 1.35092 32 |l 1.38474 52 1.42427 72 1.47031
13 1.35249 33| 11386s7 53| 1.42641 73 1.47279
14 1.35407 34 '1.38842 54 1.42857 74 1.47529
15 1.35566 35 |'1.30028 55 1.43075 5 147752
16 1.35727 26 | 139216 56 1.43294 76 148035
17 1.35889 37 1.39403 57 1.43514 71 1.48291
18 1.36052 38 11.39596 58 1.43737 78 1.48548
19 1.36216 39 ] 1.19788 59 1.43961 79 L4BS08

Relractive index and percentage of sucross solids in air at 20°C from TCUMSA (1966) Table 111

'I'cml.acmhlre Correction Table (:l_jlnii nD 0.00001)

Sugar Percent
] R RES 5|50 |55 |eo |6 |
1o 064! 066 | 068 | C.70 073} 071 055 | 056 | o7s | 079
0.46 058 | 060 | 062 ¢ 0. 066 | 0.67 | 0.08 | el | 050 671
045 | 048] 050} 052 054l 0se| 057 059 | 0.60 | 061 ] 061 | 063 | 0.63
040 | 012 ] 0| 06 ] 048 T 049 | 050 052 053] 054 054 055 033
0.35 l 0.7 | 03| 040 | 041 | 042 ] 043 045 | 045 | 046 | 046 | 047 | 048
0290 03t 033 03| o3l 0351 036 0374 0381 09 ] 039 | a40| 040
o0 |0z 06| el oo 028 | 029 5o 030 o
‘O‘l.‘;l ool 9201 021 | 022 €21 | 02 63| oz o
0.|s1 UIERIVE R EUER TR NIRRT NIRRT
| 0061 000 | 0071 0071 0071 007 | 008 0.08.| 008 | 008
o | o | o | o Lo ] o o 1 o Lo I
L 007! oo ! 0oi! 007 | 008 | 00:.1 0.06 Coos | oos | oes Lo
3 o3 ‘i oS ‘L 015} o5 i 0.5 017 poOde G ; 0161 016§ 0161 016
| 00| 02 013 | 0251 023 o2 ez boniy o] el 024 o
Lo 0301 0301 051y 01t 051y ] T o ioa] ol ol o
D035 | o3l ods) oot o 040 | o.-'.o} 040 | 0.40 0.-19! 0.40
W00l i ‘ S o mi OAB | 048 | 048 | 048 | 0.48
3050 | A58 055, 055 | 055 0.6 Q.56 1 0.36 | .50 | 036 | 056
0.57 | b s 0631 0631 061t 06t | 06t 0wt | 0ot | 0ot 06t | ot
0.66 | pomi o] ol and 0.7} 0.715 0.73 | 073 | 073 073
a.n% i | 0.79! 050! osa! osi osi oo | csr| osil osi | osi

This table was prepared under the authorization of International

Refractive index (nD) of (]i:;lilh;d wialer After Landol-Bon

i

t2¢ : nl o
2 1.3342 1§ 1.3332
G 1.3239 19 1.3331
10 1.3338 20 19330
15 1.33234 2 1.3329
16 1.3333 22 1.3328
b 3328

17 1.3332 | 25 11.3325
| 30 11.3319

' 7

Sugar Analysis Control Committee (1949).
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