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B Abstract

Microscopes are tools for observing infinitesimal objects that are invisible to the naked eye. Invented
in the Dutch Republic in the late 16th century, handmade microscopes were used to discover cells and
microorganisms in the 17th century, thus unveiling the microscopic world. Manufacturers of microscopes
began to appear mostly in England in the 18th century, but microscope performance did not significantly
improve until the second half of the 19th century. At the end of the 19th century, the German and Austrian
lens manufacturers suddenly became the leading optics companies in the world, building on the foundation
laid by Ernst Abbe, who established a theory of image formation and a method of designing lenses, and
also drastically improved the performance of objective lenses. This improvement in the performance of
microscopes led to further developments in medicine, especially bacteriology, and in addition to major
achievements such as the discovery of the pathogens that have continuously plague mankind and ways of
dealing with them, microscopy has made substantial contributions to the development of all other fields of
science and industrial technologies.

In Japan, there was an increase in the importation of microscopes from the middle of the Meiji era, which
were mainly used in the medical and sericulture industries, and this led to the appearance of Japanese
who endeavored to make Japan’s first microscopes during the period spanning the end of the Meiji and
the beginning of the Taisho eras. Although reproducing foreign microscopes posed challenges, especially
with regard to the production of high power objective lenses, which is the ultimate sign of high quality,
this was overcome with the zeal and spirit of the craftsmen. Subsequent improvements and technological
developments improved the quality of Japanese microscopes, paving the road to birth of this industry
in Japan. The post-war period saw the emergence of a number of microscope manufacturers. Building
on the base of pre-war technological standards, and due to the establishment of the Japan Microscope
Manufacturers’ Association and joint efforts by industry/government/academia in terms of technological
research and standardization, slowly but surely, further improvements were made in terms of the level of
functionality and performance. This eventually led to the development of research microscopes, compound
microscopes and high-class microscopes for photography, and with improvements in quality control and
customer service, Japanese microscopes have come to be recognized throughout the world, with annual
exports to Europe and the US increasing year-on-year due to their superiority in terms of cost-performance.
This was made possible not only by the passion and tenacity of the researchers and engineers who worked
for the manufacturers, and the skill of the manufacturers, but also by thanks to the maturing of the domestic
industrial environment in terms of lens design techniques, optical glass quality and electronics technologies,
etc., and the support and expectations of personnel engaged in cutting edge research as users. Since the
late 1970s, the top two leading microscope manufacturers in Japan have progressively developed new
optical systems, and due to significant improvements in performance and usability with the introduction of
electronics technologies and the increase in the number of units/accessories, both companies have now
come to rank alongside the two German manufacturers as the top manufacturers in the world.

Thus the history of optical microscopes has been a tireless struggle to make visible the invisible. Beginning
with the performance increase obtained in objective lenses by the use of geometric optics, a variety of
methods of observation were established through the application of physical optics; interference, diffraction,
polarization, and fluorescence, etc., which contributed greatly to the progress of science and technology,
as well as industrial development. Many specialized types of microscopes exist; inverted microscopes,
stereoscopic microscopes, metallurgical (or industrial) microscopes, and so on, and these continue to evolve.
There exists a limit, imposed by the wavelength of light, on the resolving power of optical microscopes that
rely on visible light, and as the performance of objective lenses had also all but reached its limit, many
researchers held the view that further development of optical microscopes could not be expected, especially
in light of the development of electron microscopes. However, new forms of optical microscope, such as
the laser scanning microscope, emerged in the latter half of the 1980s, and optical microscopes made a
comeback as the mainstay of cutting-edge research, such as bio-imaging, in light of their advantages, which



include the ability to dynamically observe living biological specimens. Even more advanced multi-photon
excitation laser scanning microscopes and super-resolution microscopes have appeared, and further progress
is expected.

In this paper | will report on the history of such optical microscopes and the spread of the technology in
Japan, paying particular attention to optical technology for objective lenses. Following the introduction that is
Chapter 1, | will then report on the fundamental principles of optics and microscopes in Chapter 2, the history
of microscopes from their invention up until the 19th century in Chapter 3, the birth and growth of microscopy
in Japan with particular regard to the spread of upright biological microscopes in Chapter 4, the history and
development of the various microscopy techniques in Chapter 5, the history and development of the various
types of microscope in Chapter 6, the evolution of optical technology for microscopes with particular regard
to the development of objective lenses in Chapter 7, the latest optical microscopes in Chapter 8, and present
a conclusion and a discussion in Chapter 9. Mechanical and electronic design and production, which are
other important elements of optical microscope technology, have been omitted from this report as they are
outside the Author’s area of expertise.

The theory and application of the optical microscope has been the base for much Nobel prize-winning
research. The awarding of the 2014 Nobel Prize in Chemistry was connected with the development of super-
resolution microscopy, and even in Japan the optical microscope has played a part (amidst other important
research) in securing the Nobel Prize in Physiology or Medicine. Thus the optical microscope has been a
base for combining optical technology, electronics technology, and information technology, etc., to create
technology and equipment for visualizing vital phenomena that were previously thought to be impossible
to visualize. Researchers have long desired to have the ability to observe the invisible, and the struggle to
push the boundaries of optical microscopy will undoubtedly continue. | look forward to seeing Japanese
microscope R&D and manufacturing technology continue to lead the world in incorporating new theories,
technologies and materials to meet the needs of the biosciences and other fields of research.
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Eiw |

npus 1
inwave

oy
ily cha. | ,.’E{{f

g

g inno
Sig pro
o quali

-

216 HERAEICLBEERS

f\m”
L]

O Fief  E o SEDLR

217 ZalVTY XL

nm
0 200 400 600 800 1000 1200 1400 1600 1800 2000

LA—T—33> R=dl{n—rm)

218 FHBEFv—k

I D20 L Ricksd%

L v X %flio TR EMES . A 2 T
WD X ITT 4V LRHIRFTEFITEBEDBR (FEIR real
image £\29) Z{EA )ik, W —~ Lupe (MHR$E -
PR DL ITHEAPTFOHG (R{R virtual image &
W) ZfEAHIELEICRNE A, K219, ML
YRARZX ) EBRRIELHFZRLTWA. a) 3K

a) &/ .
1 AL X IR
A EL
S v f
a ‘ T b |
ik
b) AR LU

RS
F

AR A
ik

X219 ML>XeEH"
a) @M b) HAM
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LY ZOFHMERF L0 5o LmZHhsHHET,
fi/NSNIBLOEGHPE SN D, b) IWHKRASF &

D HFPICELITH LG T RSB OFR
MMibhbd, COLE. Ly Aok E coliliz
an BETOHMEE b, Ly A0ENEME F. EB
DO fE# (magnification) 2 M E3T 5L, ThEFho
MRIEKROATEHZ b5,

1 a+1/b=1/f (21)

M=b/a (2.2)

—H, K2200%. ML YR XY EGEEELRT
ERL72B0T, WihEL v ZomMESE X D b
FPTEITEL LBRBIESRZVA, LY ZDF <
BAHICHZE D > TL B LIRS NEV.OBEHINZ
bo ZOWtr. WkE L v X ORI & O E R
KXo TIRBDORE S IR L Do V—ROFIRMEH
M. BAEAHD S 250 mm B 2@ (22
WP ME reference viewing distance &\ 9) IZfES L
BT, ZTORBHBEW MR bhERL2d
DT, VLY ADERBMEE fE 35 L,

M, =250/f (2.3)
THAON2, V=72V 7y 7o BEME
(M33) 1. COf% 1 mm BEINSLS LD
BHY. BEEIMEONSEA, HEL Y XL DR
WY X TBISHCIEEEERE D o7z,

B4R 2R
250mm

K220 (L X EpEg”
I 2.3 ML BikG

W OJCF B (BB 2. oL
ARPORY Lo TWD, ZO—DIF, BEARITERE
THNML X (objective) T, MBD—2FHIZHE
LML X (eyepiece  721d ocular) TH 5,
B 221 IR X9, L v ZohiERF, 0ob
TN AB 2 & WL v XITE - T
RKEINZBV.OFEBGA'B (—KIGEFIEND) HME
bMbde ZOBROMEZEIRL ¥ XOFMELF, O
DIPNMICD TS (¥V MefhbEsd) & W
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BLEEEC A'B DI RSB A'B #8583 %
CENTE D,
SR O BIEHRARE R My 13,
My = WL v XoRR M, x
BHRL » X0k M, (24)
TRENS, BELTVIWHE EoXE S (HE:
mm) 1.
FEHE = HIRL ¥ X8 FN/
Ly Ao M, (25)
TREIND, TITHMRL ¥ o8 (FN : field
number) IBERK D OEFE (nm) THRFE AT, &
WHIRLY ¥ ZRRICFREN TS,

' e
A L X
A
—.a = T*—F I
B f o
ik Lo
A 250 mm

221 BEMBEOEANLKFER"

I D 4 #miEE & FESiE

Z OWMBE T, BHROLBEA LR T VWEH I
BEOEREONWL ¥ AR LRV fHFSh
TWwb, ZOHH. YL Y XD VKRV FF1)
A 2S8R LY > X0y g (fy) Kot
BEAT E CTORMIZ, Il ¥ A2 L THHIC
Y MG ) &) — DI E > T, HiH %
W% (mechanical tube length). % % il 2l
Bt (parfocalizing distance) & I3, BEMEE 34
(160 mm %2 &) OO LERED D LICKFE N
% (222), BMERSEREOD DX, WL ¥
A B 7RI TAT (5 7%b HIROALE A3k BiE)
THY. WHRL ¥ XL o T RIGEH R, T DFATF
TERER S S T LN FEHE T (T4 vy, 7TFI4
P, IT—%L) BHELTL., BRoTheHbide
IH%w (M223), SRBEMBETIERL 2 HHH S
NTW7e2s, AWM TH & T LB oMA
GORICED VAT LAOPFENEPEESLENDL X H I
%20, FRSEMEE TR REREO b 023
FHERoTETVD, BRI REREONY L
Y ADRER M, Ax. L v X0 EREE £, RS



LYy ADEENEEE f L7z &,

My = f/f, (26)

TH2 N5, HEL ¥ A0 EHEHZ A —H—12 &
VHRZ-5TWS BFIZEFY Y282 180 mm, =3 ¥
200 mm % & £ 71 SH) . ML, BN E:
PERA—H—TI1345 mm F/2E360 mm ZEHRHLTE
) (ISO 9345-2, JIS B 7132-2). T EMWL ¥ X T
BB mmDObDbH L, WL ¥ XDk SR
i (AN=HF AW BYEEEZO M) FToOHEE
ZVEBEEE (WD : working distance) &, —i%
AR K % % EAEB RIS K 2 25, EET
LIEB 2 B LIEELR T L L v Xl

KENhhTwb,
! At
BERL VX lg
s / S
. i
FR —Ri& i
£
= |
! |
| !
i |
- i
(]
=
#wrLX ”
i
5
4
oo 4E
=
BRI | P
Ele L X
BB
L Y/

M222 HWEEAERME () &EREHE (5) "

WYL XD VRV TR oMz %21
2R T o ZDOHT RMS (Royal Microscopical Society:
PeE A BEmMEES) RLEIFENSE D ORHLH»H
AR LOBEHREL LTHYORTE X, S0k, (3
PDRA—=H—OxPL Y XA THZOHETHNIL K

WS A5 2 EDTE A5, WS HEE R %
Ly A, BRY ¥ X 038 ) IE L i miE s
MW WD L7DEBILETDH D, Tmlid
PERED I ERHBOIRAIDITE S v, M25, M27,
M32 % EHi72 e BEO DO ER L TE T2,

[ARMWIER] [REBERER]

N—JE235—,
TG, BE

X223 HHERERED A v k"

I 2.5 SmEaerpOf

SHM S I MR Z IR L CBIE T 2% B L DT, 0
PEREZ T EME L TR FEIDBEAAKRYTH L2, W
ROMIBEEHLALBNTELILOHPLYVEETD
5o ZORENIDZ L% 53 REE (resolving power) &\,
/ML TS 2 RA MBI TE L iR/NOHEETRS
Moo ZOR/NHEE HERA) ZoLdoL,

6 =kl /NA 2.7

F2.1 Wi U DIEE

LD IEO [ fii &
. RMS 20.32 mm 0.706 mm | —f%HM
VARl W26 26 mm 0.706 mm | T3EH, SURRAEH
M25 25 mm 0.75 mm — A
A— kil M27 27 mm 0.75 mm [, PONHFHRERH
M32 32 mm 0.75 mm  |[FCRHERLEF

(IS0 8038, JISB 7141 &)

FFBRHIRDEARIFALAE
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THEIND, Tk BRETERICIYREDH, —
12 0.61 7212 0.5 DAL S (TyRidk = 0.5
TZOXRZHEN) o LXMEHTL2HOWRT, @ED
WHLE T 0.55/m (B d H ORI A vkt o P )
Thbo 72 NAIZFITE (numerical aperture) T
L v ZOVEREZE Ped B T R B T,

NA = nsin 6 (2.8)

THZbN5, T2 n 3P AmzEr o g ol
K OREOMAE VW ED T S SHTRHBLY X
CAZHD I H—FIMUNC LB METH L (M224),
CORXPS. WL ¥ ZORITEAKE WIZ L5k
DRV (AN EW) ZEWbhb, HEFHL v X
O, WHIZZER T =1TH50H, NAZl %
25T iR EBIZIZ095 (0 =72°) HIRK
Thbo TP L Y ALEAR AN=FFRX) LD
B2 EARTRTHZNM L v Z0W4E. kb RNk
R (A N—=AF A, Wkim L v X LI1ZiZN
Ui Z2HTHEANV) TEn=152%DTHRK
NA X 145 B, KiZTldn = 1.33 2D Tk K NA &
125 FREEE 22 %o BAIVEDS 145 DI L v X %Al
M UTTBOEEIS 2179 %t ok 27 X2 5 (k
=05 L72B). 6 =019 m LAY, ShIEF
DIWCFEWHF DN TIRRE L V) T &b, 72721
HRoEBY, ChiZH T 2 G HEOETDH
D, BNEROFAERB XL TIEIh LD IE D0
NSO D D RINITEETH 5 (5.2 5.7 ),
F-EERUE LS & LT, syt (R s
BOLOI3 L) (2 X 0 faE 2 KR 1) B S 7oxd
WLy ZHREEEINTETWD (745 (7) ),
SRR & BREEBR WO T, IRFRZETE
K& LTH g% 2 2 Bl & 380 T & &
Vo EIERILARERII L v XOB I K o Tk
30, BEOEITHRA RS T500NA 5 5 1000NA
DHEENTVE, COLERERMZTIEKRT L L
. #ERMEER (empty magnification) & IEENI 5,
PSR TR 2 B LG, B OE S e

iRl X

FA0L B b g
n=152 | n=1
| |/ 51—755Z]
;mi 251 RHASR
wRR ' BT

M 224 BAOHMOHEAR "
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VEBE D —EOHHNEH Y, Zhre WiEio) &
W (depth of focus:DOF) IR, RO (RN —
2 OR) 7 BRENLRLDTH S,

A +250000><a)
2x NA® M x NA

DOan( j (um)  (29)
nEREWNWL VXL OB OBEOBITR
M #BE/BE o Hoaie (24 = 0.00058)

COXDE 1 HIZHWHREN SR T HIRET, F 2
EBEAOHORHRE, DT ZWETHALEDTDH
bo TLMMEEOMBOML S [1E, HBFEOHL X2
A HOBRHREERICL o TRE S,

I=1Iox (NA/My)* (2.10)

I BOWZ S Jo: i ABHIOWHL S M BEMEE

I 26 EREXRFROEK

EOEERIIIEARMITHEGR L~ X, #ifg
Ly X E), Bl ek GERL VX - gL v
A E), ROBBPR (L7 Ly X, aryFry
Ly 2XRE) 25K 5. 1225 1TRFEN L BB
B QESZAMSAMEE) OGN Z RS,

225 IENAHYIEMEEDFHIEE
(#1282 BX50: X 4.47) "

26.1 L rX

TR LS 12, WL v X IHMBTEOMRE % e
EOT BB EELRMHSTHY. KFOBMEE A —
H—TRABR TR ONWL v X254 Y7 v 7L
TWaA, Thox KT 2 LMk & i
XoThHEING, 20) bERITEICNE (LY X
& B HEBOBBE,SDTH) OHIEOREEICL Y



SEENG.
1) 727 a<— b achromat :

W) ATk LA 2 #i iE.
2) 7HRZu~<— b apochromat: =2 DKE (F ik,

T RO%R) (xh LA 2 #li 1Fo
3) ¥I7ARZu~—1F (7% — b fluorite) : 7

rax—hre7RZOT— FOHELXVOHIE,
4) 75 v plan @ UL E D E TOHREICE Vb

D & O AR =2 I RO & i 1E.

L7zh3o Ty b BEENZEWL v X377 u<—
Py RKEHBHWL Y X E TSy T7RZu~w—MIhH
b0 TNENDOL ¥V AR DENFIZOVWTIX, 7.4
TE L OFBIZRLTHMT %,

KICHRBICE 208 THHH. TTAEWH L THA
(&R CHFohbd, ZEWHIEAN—FFADE
S GEF 017 mm. HEHIE] mmaitk) 2EEL
TEHC o TR AR, TEMEIIN—F T A% EE
Lawv (£ 0 mm), 72720, EWHNmL v X1
b/ — A= (MEHREEAR 2 &) 25, $721%EH
SV v X H 8= T AxHe (7SR VA
L) DLONDH D, FIEWERIEROYE
%mﬂ%vyf@i B IR R 23R OGS LI &

Y HAERE R VPR 25720 R
ﬁ#&w#\ﬁﬁk%%mﬁﬁﬁuﬁ~énfwnﬁ
COMEZERL b

WIS OMEIC L > TH ZhZh o H
LY ANdH2 (5. 6 HEBH), WA Z PE L 72074
AL A, BT A ERRE LG - 5
TR L ¥ X, ERIMEOEZ BRI »OHK
HOEDOD AT ARETHER S M7= &S SO
Ly ARETHD, L, miEllE->TZH L7
BEPBEL bR 2% hbE. 2TOH
BEICHETELNIL VX)) —ANREREENS X
I oTE&le 29 LG &2 ETHMEL, £
NZNOBIEETHEN ML RET S, bW
ZZN—H L Y AOREIZRLTES TIE RV
A3, wxaE - BLEHAN DML, B LA T A DRFE,
I—=F 4 YZEMOMEREICEY), KFEA—D—%
HTEASINDL LS Hh-TEL,

COIEN, MWL Y XICRUTOREZET LD

ZOooWE (B R R

LRI N T3S,
1) MERMEHWL VX AN—F T 2 EZ DA
FEISTAYA. HICESR - BHOBOEE Y

Ly RiE. IN—F 5 AEREFEI SO THh TS
EVEREDHILT B 72, HIESR (correction collar)
WX OAEO L v X2kl i B S & CHlilEd

LA L TWD,

2) BN E L~ X - SRR L
Y A TR BIEE 2179 Bty Wi EP G250 W
VYARIZAD I Y P A MEF LSS L7
O, B B2 R L~ ANITHAAATZD O
Thbo

3) KRB R L v X - TERBEMEICB TS
WHEBSEHONM L ¥ XT. L ¥ X0 G
RUH O35 ) . I ETI 79— L U X
W&o TREZWHBERI 2RI R > TWwd
(6.4.1 KU'IM 6.38 ),

4) BAESEEL > X L v R — s R R
OB KEL R IZEEBMEAVNEL RS, 2O
7O T MM BB MM B 5 & T, MEE)Hsk
ERRICRESRRET L 72 L v A B I TWw 5,

5) HAHIL VX PEAY 780 nm~2000 nm D IR
BV TEWEBRRPGIEEEZ AT 5D DT,
WAV A X F 2o THifRZ FIRT 5o FHEORR
RV —FYRTLELZEHNTH 5,

6) AL VX P EAY 240 nm~380 nm DK
BT BV TEVEBRPBRIEREZLH T 5D DT,
B A X T o THIREFRRT %,
HL v ZofEHRIE, ISORJISICHEI N2z

NR—=Z2 @ ESIN TS (ISO 8039, JIS B 7254), i

RRE (I x %25 x4&E) 2oER (150 x % 250

X&) BHHA, WEIZ4x (5x), 10 X, 20 x,

40 x (50 ). 60 x. 100 X DOHAEG DLW T

Hbo F7216 x, 32 X, 63 xR EDEHEE D OHY

LY ZAHH DA, SIS IIEEHEHRIO (10 O 10 Fe:

ISO 3) ZR—AIZLEINIESVT VD, ML

Y ADFRE, IS0 8578, JIS B 7252 IZHE I TH

D, BEEM A, B, RRER. BHITEG A B IR.

AN T AE, MBI LR EOEh, PRI

ERITHIT=) VI OENT VS, 226 B U

22, 23 ICINBDFERZF LD,

i WEREE
5E 0000 1?_!{& P
ni-#32 [ Plan Fluor - .
RL BO# 8% Plan Apo
60x/085 | st R
inioiaias DIC M a7l 100x/1.40 0il - 2%
Ef)f ©0/0.11-023 WD 0.30 Fﬁ&%&‘{:’gf) Ph3 DM
B e
HIER | o Nr‘w;sum- :z?'s:‘:u
P 7 9 TR VI B ) W-1IADES .
ExEm TR AN Iy -E
NI
—— Sl
'%r - hi-H3R . - (A7-7 3vH40)

[ ST I S ]

F7pRE s POL (P, PO) fdtil, EPI (M) SUHHRBI, UV 40k - 4854
NCG / —7/3=71F A, L (LWD) ffF@hi
FOROE  RIEITAR, AAHE Rk

X226 L > XOZRAE "

HL IR RS

SR IRHIR DEATRAR LR
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222 WL ADEERAST LT

fisfE | 1/1.25 | 1.6/2 | 2.5/3.2 | 4/5 | 6.3/8

10/12.5 | 16/20 | 25/32 | 40/50 | 60/63/80 | =100

H5— FL ) B2 | W | B0
== R pe P RPN -
yoy K| R R s # gk Iy - EIAY E]
F23 WYL XDKREHEHZT -
BT RESS FA* i 7y ZOfth
HT—=V T SHEF]] kS &l Froy 7R

* 1SO 8036, JIS K 2400 ([CHET KB MERT

26.2 #BHEULVX (Fa—TLUX)

2.4 THRRZMBLEMIES L » AT, #gEL v
REMMAGDETRENED, WL v XEHEHL v X
DRIEPATHER (M222) THE720. TOH OB
EEZTHREOMERHERIEML BV, —&E
OHiEEE B2 5 LAROTAHEEL %o FHLOMB
HREDHIL L 2V 72DI2IE, FHRL ¥ XHAMTH A
BROWENISHIESN TV ELENRD S (X225,
X 6.37 ),

2.6.3 EIRLYX

HRL ¥ XE, MR CTES NG EIRTEIST
572012, ELILAEINBHRICTLHEEZD T
Wb, BREIBBLZ8~15HOHMHTDH B05 5145
21, 0o b DB, TBIETES
BLEF ORI % K5 HEE (FN) HEBRL ¥ X2k -
TEHLEHLED, BENZIOFOSG, BULET
IR, 23 PL L CRABIE LIFA TV, HEIRL &
ADOFEMAY) = THARO/EEIZ. 232 mm KT 30
mm PEEH#EFEE L THEIN TS (ISO 10937,
JIS B 7143), BI85 2 L EOMONE (74 KL ¥
b PHEIRLY ¥ X0 L YR Tw b L RS % #
72 FCHBIBRTEL2DHIINATARL VM E
X5, F72. BSEOWMIROBEDEN 2 MiES
5729, BUEREREIFWRRY Y XD, &
DIEH», WEKY)OMEICI 720 A= R EDHK
D ZR A TSN (graticule : 227) #WKL7-d
D (BHCIFERTELZDD) TSI TwD, K
228 IZHEMRL ¥ XM Bl R L 72 DT, FidTi3H
¥ (ISO 8578, JIS B 7252) THE®D LN TWb, HIR
LYZADVL Y XF A4 TIZonTiE, 75 THWAT 5,

10mm/100

M227 &EESR (I70Xx—%) Of"

10mm/100XY F AR 10mm/10
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g
R, m gL
BE | WH10x/20. | B#EE
Q00O -BEREEL
HWEE JAPAN

X228 #ERL>XOFERAE"

2.6.4 BERABELVX

MLy XD G E, BE 74V AR CCD DG T
INA ARG TH72DDL Y X T, ZHIRBEfE OB
BRI EE SN D, 35 mm TA VAL BB EEED
Bad. 25 W~5 GREOR BRI —HRINTH S
B RLEDEICTFIINVAAGTPERT S E. HlgT
NAADHA ZDINE 2D PR D 1FEUTObO
MELEbND LN R0z, BIBHBLEEET (VA
Plf 734 2D Wog HH O BFR %X 2.29 1R F,

FN18 1737 (0.250)
FN 22 2/3" (0.5x)
FN 26.5 X 35mm_(2.5x)

" (0.5x)

M 229 BEMAFmyEaE"
() MIFBEL > ADEE

2.6.5 HENFER

BRE2Gitd (viewing tube) WCIWEHRL ¥ XK
LY ZOWMY T 58I X - T B, SR,
SR EDRD D HIRSERE I, St E- 3o
EERE, TV XARIT—THELRTVAEIC
T 7oA (K230 a) OMBAH 5. F 78R
Bl Tl E LA OB L v XN S 5 A5
ZFOHEIZE ST, £ =¥ F 2 (Jentsch : X230 b)
K& TV—F v 7 (Siedentopf : X230 ¢) K& 28



bbo WHOLA. IRIEZ LS 2 L IR E A
WHICRET 2700, HEIWIZZNZ LT 2 i
PR TWw2H0bdH 5, ZMREEM (X225 08
#8) XA ORIRSERS ICEF ZEmML b T, |
ARG REIEE R E2 R T 5. BIGHI & Sifs
MoNE T HIE, —HIZTYVZLOBEICL - T
YVMZONDB X I T >T VWD, TDIFH. MR
BISROMEFAINELC > 7250 (1230 d) <.
BEOANFARFICBISTEL T4 A Ay v a Y8l
(B230 e:5 NHOWRISER) &S SF 2MH
oFifFs RIS Tw5,

3 R = o R,
BRLLK L o
/;:%} %—;mna—’f -
L //.-/'@raw i‘% D] %D; ﬂj
— y ( b
O
T

a)  MERHHEIRGER b) A =T 2 RUORIRSET o) V=T by T EONIREH

SARARE)

\ AR %‘3 foL—Lux o
BIL—LwX
i l:' e O y . n O q;’ﬁ,jm 0
<§ WA jgRLLX é;‘ 0 mfé‘{gv
i er) @ LR

d) A TS e) T4 AH v a hREEHE (5 A

X230 &iEEEOERG"

2.6.6 REANFER

BEAR DN % Bk L CBIEE T 2 B T,
M2 EMHRT H-0OBABLTRTH S, KD
PUTNVERIREE X KT —T (K45~14 @
VS 0S4 7 TH D), HFFAMWOER D
DHIADEREPSLOHRE (HH HLIZ#T 2
ZE), HHVIIERAY Y Fr o NTbEZ A
T 5o BHHY T —I1ZREIFI &L MAIIZHR>Twb
bOWLE L, HROBMABLEOL G PHWNZ., &
WIS OBAEEMEMEZE S . S HICEARIEE
E£DDBHDIZiIEa 7T yH L X (condenser lens :
#ER) 2D

—Ji . ARWICBET 25610 ATDERICK S
HHOWMWHEE 29 BEND D, ZOWH. HIHR
RO ONLEMEL LT, AT Ho2M5 30 5%
Z L. BIgHiH Rl R ShaZ e, ML
YADIRAKNA 27z LTnwbI L, BZBTFoLN5,
BEONRR (Y7 ATy T "aryrrys oy
) X7 4 T A Y MEEICR o TV A D, HEGHE
DR EEARMIANES LRI A I H .o TLE W, H
RO BIRREEICEIANETH S, 29 Lk
R % e LR AE B0 2 4 il 72 3 IR 5 ks, o —

57— (X38) DML,y —5—HHETDH 5,
Zhid, K2311Rd &9, oz ay &
H L v XOFHESMEIES SO T, BRI LT
R EREICH B Z LI BDOTHIHASIZATD
B\, r—F—IRITIX. SBIRGAEICHITRY (1
BEMY) & BRI E I (kL BoBRIC
HBHI L) BAEICHEK) ZEL I EPTE, Th
LEMHTHLILICLVRELI Y FT R MDEOLN
b0 SO, 1TLALOEMBEMELr — T — K
EERAL TV,

[

|
&
Y
i
:

W R

o # moBE P P :
5 k4 o F 87 o
& 4 ® ¥ vz &
e Yy vy z g Y
z = =
= A
F) — RHOBBRRAERTER - ER(T17 420 OBEMEERT AR

M231 4 —3—MBIEEOER "

JEIRICIE, R CRIE OO0 @) bE
WNBFT VG TRELMEbND XIS T WA, L
L. ZeRANE# L7201 H =15V R (tailt
JERif) TANS b RIT NI RO T
2T 7OBBPEBEICL->THIEDLOT, i HE
BICHL S EEZ W EIE. =2—1F9V (ND) 74
VE W THIREZRH OO LI 2L S5,

26.7 AVFVHYLUX

IYFUHL YRR, BPDGE A RICEEARTICEG
T57:0DEETHDH,. BHINIZK > THZ { oflil
Mhsb (M232), @HDAYF Y437 v~ (Abbe)
BEIFEN S 2L ¥ AR D b OPIE L b Tw
bo L LEfatL v Xotits Halc s e s
7212iE, BPLR L w2 & D ERREIPGER I EE +
SEHIELZzayFrHL vy X (7ruaxw—rT7 75
F—brarFrH AAC) RS ZEVEOLND,
F7OUFOMEN S, RO L E0ERIFL, S
ROWAKEZ—2Da Y FUrH L Y A TR EE5
CLREELVOT, WL v AR - ERFIC D R
AL EIT, AVFUHOEEL v X BRI LA
NT2BAL 7T barFr4dEiflibhzd, &
DA, WETHRRS S T & F L HILHE (HEBIEE.
AN BIEE, WOCBIZE. Mo Tksigt, AWar 7
A MR E 5EZH) orhZhilHfloary s
VHBHAEEINTBEY., ST oETOBILEEN—
DTHIBTELL=N—HF VAT I b D5,

FFBRHIRDEARIFALAE

319



320

@ E 2 e
LR :
A @ ! !
‘ o e — ~
i |
EZN Ty RayT oY Travw— R TSI —haryoy AL T T g harT oy
PR % 1.25 0.9 (JcEin)
kLA 1~ 100 10X ~100% 2X~4X (YiE out)
R 10X~100%  (4EE in)

M232 &EaLFoHLLXofb "

I 2.7 BHMBEOBELEE

PAMBEIZZ OIS X . B L h 5 Blg
T 5 IV RIS & T U5 & BS54 B RUBAMMEEIC
DEEIND, FAMEALZEDRREZERL TE
TUPDE TS T 2 /MR L . SR 7% EAEY] 23
FHCEIE 2 Y TR L C & 7o Tligt3 2 T MU
R (SRR E b)) K oKEhd, 0l
A AR ARIICBIZE T & B MURFEARBM S 2 &
Hbo TNTHOREZUTICHIT %,

2.7.1 IEITBYEEMER upright microscope
PAMSIT R VIR O T, B - AW - BE¥ER I
Lol L2ZRHE0FREICE b hwv, ST EELBTIHE
B, BELOHEOL OB INTE L, Zoh
THAERDZ DR TV B0, IEVEBEMETH
bo THIFK225IT/RLA2&H T, "YWL v AHHE
KOEZHZ 5 A 7T, BPREICI ) S 5IEHA L
BORAL (R Licalishbg, K% - EWsnec
(B ANE B AR D — IR T dH B A%, &M
& ESHHOLIR I 2 W 5 R U 7= WF 28 H o 1SS D
Hbo —Ii PEERMHE L EOTEMRAITIZ, 8
H & 8313 0 B SO IR R AL A GA F 7z SO IE T
SAMSEH WS 5,

2.7.2 fEITBYEEMER inverted microscope

IRV RIBHAEE T L, BEARZ T2 S B%ET 2 h
HEOLORBNRBEMFIE VW) (6.1 R 6.4B]),
WYLV ZFAT—=VOTFICH Y., I RIS L F
USSR L 5 X512, Stk cilo LI
FOMFONTHERL ¥ XCED, REIFEL 257
D, WAL Y AD—KIEEZHEIRL > XETYL—F5
HFRVNE SN TG L H 5. BV AT D
TN X D, A BORRL (FER) LI
N5, R - AW Cld, FICH MR IS
BRSSO Z %L, MiBHROb O
RS L DIEN S, ChERESAS (Y v —
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V) R HBET H2UEND L7120 T, EMRRIR
A7 —Y RICEE SN, FHEORVa Y74
PHAGDIND, FBFHEDOESZ, BHEDHIN—
HGAERD R YE 720, HBEHOMYL ¥ X
IR L7ikal o> TB Y, B D K<
BoTwWh, $ATF—YVRREENT, HHEbEIX
WLy A% ETFTLTT). 2O LiExf7u~x=
Yol —% CHIRBEZ T ME R EITE, EHLT
HBUERILTH D, BIREWIAMSIE, EE
KEBIET LD R 720, BOETRREHRD /A
FHRICBEAEDNE LI IChoT WD, —H.
TGS B B BRSNS, RIS RO
28 - RAEICHW O T WS, WIS h7z4)8 &%
THEIZLTRAT—VICHEL 2T, BRI
LASTELI LR, RECHVEATHEESINZR
T—IIBEBLILENTELDTH S,

2.7.3 WHERE(AEEMER stereomicroscope

Wk % AR 2 720121k EAOBIC X 285
Fv 7 A (B BUETH D, RIRFEAREMTIZ.
BARZRL 2 HA»LBRT 5720020k %E b
DI LI L o TVMMEEIES . AR - LB - Roffe
BFEEOWMETH L (6.228M1), EHNOIET T
VAL DBEHRIIIET L o TWde EITHE -
B TECBTLHMAVT - REOEER, K- &
WA BT B RE - MIKRIER WS hTw b,
IR IR 22 Tl I AT SIS b . BiisR
AR EFERBETD 5

PR ERBEMSE X, — oW (12°FE) 25 -
72Ot FASEL 2 6ot R & RE L7 R
(X233 a. 7Y ) — Greenough Bt H\w9) k|
—OOMPL XX VES NIz H I AT R 2D
O FAZHEA 2 X DN R B RLE L AT R
(X233 by HXWEE V) O 2FEICHETX
%o WIAHIZTYNT MR THRIED B % 72DIR L
fibhTwad, $BHE. VAT LAOWERIEH I
TELHNDD Y. HRIEARBMEICL SR EINT



Wb, HBROZBHIIX -2 RT3 E
oTWAY, MWLy ARa s "—YayLyAD
Yoz cdirbhd, —HROBEMEBICHNS L, [
UAE3C 3 BIEAVN S W2 D f#$ 11345 % 25, itk
MO FBREIZRCOTHEEIZE O H VT W
%o FEARBEE T, FOUTR T4 PAA Fafliof:
i R B b TV DAY, B IEARSAM S
TR E R, WS RS, [a) il I 3
HRELMEIN TV,

\ IR =R/ L, BR ER

. ! !
ML o X @D
—miE . _ ‘
- e

/ -
-
IEIL L L

=

Q alﬁ%\g

i JEIN ==
- ) ' T %
n,, — = = c‘i::
o (LT x| = -
. i =
el

i | HLLK
T maA Ams
g4l a) NRPR sE L b) SRR

2.33 WMREHIEMIEDONZRER "

I 2.8 mEMBEOBRESE

SRR, R IRBIRT 272000 WL > Xk
EIRLY v Z013Hh, A2 BT 2720080 a >~
FUHL Y AR EONERL, TNELZ DR
SRR SN b, 234 ZIEVAEWBEMBED KDL
MERT,

ERBEEFY TS

g =iREE
//// | AEMER
e 2

/ﬁ// /// WAL X

DT, BB ORMIEE IO & ZhEh3iV§ 5,

(1) A&V R (E : base)
SAMBIOAKE > THH A Y ¥ Fid. i FEBTHidL
EREZZDR=AH (HEH) ERFREBELR D
T — L8 (B O oTWwhe N— AR BMSE
EROREEZMHRT 2R, KR&S, BEE2H-T
W5, MIOHMETIZ U RO D DDE L H DD
ORISR & N L 72 B EE Tl wERR T
FHR-YFHROLONR - E B >T WD, T—A4
ISR A T RE R L EIIICRE, 27—V %
KA D DFTELIELNT WD, T EHERED
7= A ARA TN TV S,

(2) AF—Y (stage)

BAZEIEL, FMICAL—ZICBE) S8 5%
Thbo BRICHE SN AT —VRIER &, gl
EICE > TETFIRBHTAAT—Y ETFWHA L 2D
bo $BAZ 2002 vy FTRHIEL. BEIZTT
197V —vA7—Y (M235a) L. Ny FVITK
DEREFBLEACBETAZA A= INVZAT—Y (K
235b) BdHBHo ZDIFH 360° [mlfiE T BE 2 [bliE A 7 —
Y (K235 ¢) »’H V. WSS R & THbILTW 5,
T, TEHTRIREY 2 hRBEHS RV EBRET S
7eOORMAT—Y (M235d) bHEIN TS,

(3) E£#EEE (focusing)

BRICEY P 2GbEb200RE T, KERTH
295 & ZITAHEI NV KV e, BfRCBIE
T5HEEIMTHMEI N FVDH 0., ElBEmE
TSR >TwD (14236),

SHEFEE
e b -1
FERDEA L I—
Pl
7 |EoSYIRL

Lz 3Tl

BIZF—Y
252700

| s avFUY
~ ETFEINY R
L

AVFUHESYTRG - LAILIC 5
MER Ry NZSYT N Z
U2 Z(CLAMP) B LA 74 WSBRERLJ(—
T 3—NZMBN KL AVFUHHORDE T A L BBALI—
et Tl AL L
: fEFRILY —
AF— BN KL o . ({Ow k53
Tl . " N0y hSUTF
- IVFUHLELRL
ZF—UEEBI KL AF—JEER EEAC YT
AT SR . Z5YTRU A
- REEHE [ 2a—nzm®BNY KL
KA A T IL(LAMP) S———
N—— 7 2 4—h BB KL
T R ol il
= B LR

F—hT7 ¥ FEEER
A4 uF

=L EL¥X

X234 FEMIEREBOET (=32 E600 : [ 4.50) ®

(TORQUE)
R U
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M235 &@IX5— IO
a) 7L—2XF—= b) *HZHIZXF—Y ¢) E&EXT—Y d) kBXF-

X236 ItEfamEres

(4) #&@E (tube)

T — 5D PRI AR E o RIBICERLY ¥
Ay FEBICLV RN ZALTHBL ¥ X2 WY 11T 5
KETH D, HEDOHMBETIIE ¥ M EbERIIH
W BERL v X EITEEST v 7= YA TERT
BETAHEBEE RoTWwh, —J, WED%E L DHM
BIBERT =2y T v ENREER (g
i) LhoTwd, HEHOMBFICOVWTIZ265TH
BARZ=DTHWIZEWET %o

(5) LRILIX (revolving nosepiece)
BERPHBEOR L DWW L ¥ X % s 5 5 3E
Ty 2~TOHHL > ZHWY FiFohsd (M237),
WAL v A ERLALA=ZIZY VL N, hoBl
FrhLOEADMNBERE Y POFTAINMNEL 25 X
I WECNTLEhTwa,

237 L& (7TR)?
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I 2.9 SEMEEDEDLERE accessories

MBI T 2 ) —EHANE S TE
0. BIgE, B, AL S ELAMICHEINTE
Y AT AERMA TS, S TIREDREN %
EIZD S HLCHAT 50

29.1 BERE

SRS IR O E L THHEOEERIZE I FTH
VA, HOTOHE 7 4V A2 X B UM TIX
BFSFERFOEOHM - I I HRLELEINTE
7o SORDILZ by AFMOREEZERFE
LC. WSS EBEOWURN KA —H—TH
S, UTOX) RBEEAHIEINhTWwWS, X238
32 L-HBGFHEEOHTH %,
TANVLDKE - BE ET - BERL
TANVAOEEDE Y b (= DX I— F#HR)
i (=HFEELOL Y M)
MR 2 (BUEPRED - BHITRD
¥y hEabeE (A= T7x—FR)
ot (BEHAR  MIDE, ZRISHbh)

#i (A BEIE. A= b7 57 v 1)
T2, BEOAATPEFTEZY, 7L—3I VP
BRI A= DE{GRAr—V - F— I DHELARRE
OEBEETHELZ D D5, COXHITHEOYR
XD, B0z 2 7% 53 IE R IEARDYT &
32 Ped 57200 T BRI BMEE 5 ELAS LRI A 5)
CHND LT Hh o7z LALREDLIITTIY I

E&%\

W)

CNONORCECNONGC)

X238 BHBRHEERE



B RELERD—IRIICE T 5 &, &9 L2REDBHD
NeL % )22H %,

292 HAASKE

i IR BIEERARO BN R 8T & 5Lk 5 ke L
T 16 mm ¥ A REIT L 2 Wi 2T b i Tw 2k
REBo72H, EHOEKK DL, €T+ omB
LIICBEHLTLE oo EFFEEI, ZOMME
GBS A REEAL - SR OHAM A D
ZLL. M GROGTR L LCadusk kL7,
HIZ3CCD AT —EF A X FRNA{ ¥V 3 v HDTV
HRAXT, BHETYFIVA AT X D EMEEGIE,
I8V TN K BIRNT - B - RAEOBRZEDN S VAT
A FRBERYROI=y b ehoTETWAS,

2.9.3 EtAlE

BEAOH oML Mo L2 FHT 256, K&
BHAL X THNEMBWICXY ATF—VDN—=7F
o THtAN D 2 LB TE DD, HLBEREICE
WS 51203, B (X227) ZHIAAAZHEIRL ¥
X&) SHTHEMEL LIF51E, WL
X (X239 bHEERTWS, T amL v
A& - TiE, BREO#AERLEMIER &, JEiE
ZRFZENT0DEILDHDHLOT, PWIzax—
& CIEMER T EZRIEL TB L LELND 5o Jll5E Wik
HTRZLLOEHIHT 7)) —DHESIR TV
A ST TRZOHMIEMET 5,

2.39 BIMIERL > X

2.94 WERAINEE

A% Y62 microphotometry 1. HINLAY3E 3 % 4t
KR EREEWE TS LK), DNA-RNA - ¥
Y8y DEE, Ca’t DA & VIRIES & o WL
CHwHN S, 20 Tid. BREERE X KT o
BETdH o 7225, BUEIEEE O BMEHITHLAGA L] RE %

EVa—ERoTWVD, TOMKIT. BIKET +
FRNVFTIAXEZDT Y bu—F, BNIDGEERLL
FRETHBEMBEOLE VA -V ENELNDEL=
by BDGERAY & BN THERR T 2 MDGEE (£ 72130
K774 V%) HHEoTwS (X240). F 72 Ca™
REWEN & LTEAEY Rz 1=y 54 2
ufvr73Ig—a2=y bMELH L, SHITHRIDED
RODOE) 7uRX—=5, ZRILHGANIED 72D D F —
FAFy=r 72y FHPRAGDHLETELHOLH
BENTWE, WEF—51d, IvE2—=2I1C&k0 %
MR B, WAL B, REIRF AL 22 EAMT D,
EZFIEREI NG,

240 FEMGAINEE
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1) RBWER : tE2dulbE L-HMEoEE HA
VS TERF— LI R—T
http://www.microscope.jp/knowledge/index.
html (2016.12.20), H AP T 24240k

2) RWEB: &AM F Ty 7 NEY
B L2 LB, WA EE, pp685-704,
2002

3) RBPIB: OLFMMBEOLGE LIS, HAREY
BRAESHMREE, Vol34 No2-Vol35 Nol, 1996-
1997

4)  BEGE 6 T A0 EEITERAL, e, Vold2
No.7, pp.345-350, 2013

5 ROGHBETIEAMIE, 4V P8O0 IE
&4k, 1995

6) Martin L.C.: The Theory of the Microscope,
Blackie London, pp.192-205, 1966

7) EHERX : HEDLESR oW 22 HEEE, H500
DEE, FPMHII 2= — a3 v X, 1997,
pp.-365-379
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3 SAPMSEDFI LIV 2D VD

I 3.1 ®pELLX

MICE B FIELBGE. HR XY EEZ OB
HTH Y. BIPEFEOEATD 2 KA OBEANX, Ko
Al 3 ARICF Y Yy D 2—21 v F (Euclid, BCE.3307-
275?) 7 IV F 2 7 A (Archimedes, BCE.287?-212)
LAFB LTS, FmIro il b e 2 ki
TV¥ES Y FYTDOT LA TR (= L —3—
Ptolemy, CE83?-168?) itk L TV 275, JHITDIEL
WHRKEZ WO IR HOZ RV (Snell :
T vF) LEoTTHb, TOHFIV I YOHR
B, FYZAMOERDICEY, BFORBIET S
ETICB e THAL TV - TUNALH A (Tbn al-
Haytham : 55 ~4 7 )V y—¥ >~ Alhazen, 965-1040)
. 11 IR FE R L2 13 D] TR o g -
JRTOBIL 2 S HIRHELIERAE L, ML XX B0
KELEIZOWTHERLLTWE, ZOFHEFTITF ¥
FEICEER S W, BOFORIBITKE R ER 5 2 1
BADLFIVADOA MY v ZRIRTH o TR —a
(Roger Bacon, 1214-1294)  #D— AT, L ¥ XD
KEHEEREE LTOFHEEZRRLTWS, 2O
ZIRGEAIRANANE SN2 D1 1280 4ELD A 7 U 7 ON
ZATH b, TOHK, REFFWEEHET L2BELL
EERHPDICIHRAICE R L b4 2 ) ToHsIc, ]
Fo 2 BT BRI E Y 2 A TV E L, AN —
~NO(HUREE) TER LTRSS NTZ T LA T
(1352 4F) H'H Y. T LFRITHE 2 A DRSS L v —
RTHbo SHITI5MAFFITIEML ¥ X% flio 7
RIS D B Lz 29 LTa—u v 8% il
FBEMAOERIDPEAET 2 L5172,

iy

I 3.0 mathss L LN

2BDOMVY ¥ X%l A G b B0 R %2
BOAE- 72D, A5V FDI v FVT VT OlRSR
BADY ¥~ (Zacharias Janssen,1580 G -1638 &)
T, X Pl (Hans Janssen) & 3£12 1590 SEEHDFEH &
ENTVLEOBBHTH L0 BiidbL v, Y vk
oFEE (K31 &, WMoyl v X Lok
WL Y ZIHED ) ROFIHAATNIZHOT, &
GRERIIMHRIELSING, —H. Yy Ol
DOIRERANTH o720 v X4 (Hans Lipperhey,
1570-1619) A%, 1608 fEC P L » X & MO R
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Ly X ETHER L@ oirz e L, BWE L
ENTVD, ThHA 5D TIEb Y, BAEZIIAY
L % (Galileo Galilei, 1564-1642) 7% HF{E® %% i T
BADRIBIG 2B L. ERFHFOREZHWZ &
BFELMBENTVD, £ 161LEIE L vy rT
5 — (Johannes Kepler, 1571-1630) 25x%p - #EHR L
AL v X0EEGOMEE [EPORE] 2%
#LTW2,

T

AL x BERELYX

3.1 Y2t DBEHEROERER
(51F 4 £ 5W LIER)

BT, vy FYEVHED7 v 7 (Robert
Hooke, 1635-1703) 25, ML v ZEHERWRL » X (&
DIV VX)) OB HMEEE BEL. B oBlg
ZF L [3I27u”5747 (Micrographia) | ©
%1665 I L7z 2 Iz, ¥ T IHK0MME
W HUFEFC. UL LTIRARZA T =T R o7
7y 7RI ohmTany o/MLE TR (cel) ] &
2T TwD (K320 47 FDFLVT +T
M EEATHZL—Y 27 v 7 (Antoni van
Leeuwenhoek, 1632-1723) 1. MEIICH L ¥ XD ¥
g (X133) 2% EMED. 1670 F40H 5 80 4RI
MU CRILER, Kb oEY ., BERE MR, WFaE
ERRALE (K347, ChooREzE -0 Y Fo
DEVHEICHE L, BIIMAEDFORXEFITN S
9ot V=7 2iE, RNV VX
ZHOBOCTYREZER, RAFHRIEL ¥ X TIRE
R 275 512, £ RS 14milEL-E Sh
B, BB AMKIE. BRI LMW kot
Bbihd, 17 k%S 18 HAichHFT, 414
7DH == (Campani)s 4 ¥V ADT— ¥
(Marshall) . # VX 78— (Culpeper). # 7 (Cuff).
~—F ¥ (Martin). 7% 24 X (Adams) X¥. 75
YADF v 2 (Nachet) &, ¥ { OWMEH
YEZABINT=25, LAWY ¥ XOFREYIR, s
DIRGIRAEL. END T TOB L Z 200 /). Ch
SERBEAMBII L —T = ¥ 7 v 7 O MRBAMSIIHE
DT B h o7z,



I 3.3 L X0ES

BAME I N D O &K L T2 ORI % Bt
TEH720ODERTHEH,. TOHNEZREDT LD
WYL ZDOWRTH D, TOYRDE—HRIF, L
A FIFRPE, FFITlEshEdTsz Ll
Holze MOARY PVEFH L= 22—} ¥ (Isaac
Newton, 1643-1727) 7%, 2EEONW L ¥ X%
JEI S/ 2L ZTREPERESATREE L, K
WEE o 7o SO & BE (1668 4F) L7z &
BALTH D, Ly XX B0IEOBREIE. A4
ZD %} 45— (Leonhard Euler, 1707-1783) (12X 1 42
32 7y UOBME: 370757477 &Y BAHBOMAGHEITE ) WHETH 5 2 & AL

o) SEEAZ AN D) /IO o) 27 0R sS4 (17474), £ ¥U 20 Fa ¥ F (John Dollond,
1706-1761) A%, 1758 4250k (RIS X 2 IR

. HEW) AWNEWZ T UHFTADML Y X EFBHDOKR
mm.ié> EVTY Y IATADOML ¥ XL OMAGDRIZLY
i HLL Y XEFEB L, TO%, faiHL L v X3
MEER L v XCH N Sy, EEE L v X
L0 LA - BESHEETH D . TR L BEMEEaN
Ll v AR S0, £ F)VADYAY —
(Joseph J. Lister, 1786-1869) T 1830 4Dz & TH 5
(B71)e 0, MENZ LIF272012380W L
VADOROEERELS TELENH LI L ERERLT
W7o 4 %V 7®7 3IF (Giovanni B. Amici, 1786-
83 L1 Ty b R 1863) ] E#?fkﬁﬂ L*ﬂilf /*7\ E;:;Ebl]?‘,é hlp 3 J:. V):

o) SR (BABHBIRSFAEL TUAS) b) EANAD S DIEHEOTI L 2 A &L T (1857 -
31/ 3 £58 LIER) 72)0 T IFIE. BEAR LS L v X O W & R T 72

T IREV)) SEICE ) SSITHOKERE L,
RN Z D72 L v XD ERL TS, TH L7z
WL ZoMERE LISk ) BB X ) <
WABME OGN %2 L2 LB TEL X )Tk
720 MABMSEIBWBTFOES b H Y, BRIV —
iy S N (20~301%) & LCoMEIBEmMmEEL LTikaICL
EEFoTwi, YHEREILDIANLAL FY AT
. @A (Ross). AI A&y (Smith & Beck).
F—Inr1)—35 2 F (Powell & Lealand). 7 + v
v (Watson) HITX 0 B REDS S SITHE L.
HREY) — F LTz, 18394EIC2Y R ¥ — 5 2%HL

a)

©) Lo T, EEBREOT YR UEMERS (1866 4
34 L—-Y1>r7vI08BRH? X b FLBEMEE 4, Royal Microscopical Society :
a) ADKMEE b) KUKy TR ) AERDEBT RMS) %k L7z
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I 34 rqavBEMEORES Y O

DHADPFEICRDE, A F)ADATHHIC
TR LB A —H — & b BEORRIHK
W72, 7 A A TIE 1847 ST A X VW — (Charles
Spencer, 1813-1881 2 & » THIZE) b4t (1935 4F
KT AV AV FTT 4 ANICYER. 19904E XD 54
ATIV—T) BNy 7 7a—I2TC, 183 IEITKR Y =
& @ 2 (John J. Bausch 1830-1926 & Henry Lomb
1828-1908. 2 & - TAIZE, 19904FE X Y 54 H 70—
7) AU F 2 AY—IITHRLENTZ, —TF, FAY
T2 1846 124 = F (Jena) I2TY 7 4 A (Carl
Zeiss, 1816-1888 : 35) A%, 18494EIZw =V T —
(Wetzlar) 2T % VJ — (Carl Kellner, 1826-1855)
BENTIE T2 L. AL,

CDIBH—=NY 7 AR (SEMEEHITEBL A —
V74 ARAL 7 BRAAE— UTFY 74 2L0v)) i,
BIRR DOk S 0 BB 2 F R R LI oodh o798 &
IR EEZ DS L, B WAFE T v X (Ernst
Abbe, 1840-1905 : ¥ 3.6) IZKH L ¥ 2 ® M FHAFFE
EPRERE L. 7y NidZ i 2, 1870 4E 12
L v LRI O AR L % B IER S & 1872 4E1C
MR GHmEEEL 252 K), SF8Fh
WEBERLHEHEE LRI L7z TR I8T34EICT vy N
ot (a v 79, 232) %, 1877 T3
Ml 25%M) %, 1886 4E1Cik# A (CaF,) #%
Ly AP L7 E27o~v— (BEalLadwLr
YA, 261 M) RREET LA L, MO KIS
PERETR) L D 72 3D DO WY R & R 4 12581 T o 72
T I8TYEWHM A 5 AW L2Ya v b (Otto
Schott, 1851-1935 : X 37) LILMoD 7 I X T.H% 4

FIZHEE L (1884 4F). 1893 4RITH# LW (X
231) &3 F L7224 — 5 — (August Kohler, 1866-
1948, X1 33) & AtLS¢ (1900 4F). 1897 4FICIX 7 £
U A DAY E 7Y ) — (Horatio Greenough) D3
RIHDE, KOOBIRFEAHMSE (2.7.3 ) %
L7z 7ToyNid, Y74 AORKEA—VY 74 R
ML LTRE LTI ERME. Br o Rbirmstz
HlE LB RERTO Do/ ¥—F—%2 3L
LI BT vROEREDBIZ, ZOBDSFTIF LM
ERBIEE OB RHRBICBR L. ¥V 7 4 R0
EIBILMREO)—F 4 7 Hh ==L LTOH
e bl Twa,

—H. TV F = Lk athix, 1869 4Ei
54> (Ernst Leitz, 1843-1920: X 3.9) »#&# %5 &
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38 4—35-"?

37 Yavy k™

WX, TR TA U (BT A A~
A7y A7 AX, BLFI4 2, 1990 4E DB IE 7 A
HhEw)) THAEEZ T, HMEORETRKEL
Wk L7 $RICE#% 2 v v (Carl Metz, 1861-1941)
DOFFHT L DML ¥ ZGFHliAH L Y 7 4 ALk
SRR — A — L LTRBE LT $294 Y
DOWIETHAHF 4~V b (Carl Reichert, 1851-1922 :
X310) . 1876 2EICF —A DY T =« 7 4 — VITH
7o WSR2 AIRE (1990 4E XD S A4 ATV —T),
VA RETA YIRS T - v ROBMF X —
A= ELRZ. T4 Y OFMiNNVF v 7 (Oskar
Barnack, 1879-1936) ®OFWAC, 1925 fFI2# b3
7235mm AF N A ATDT A A (Leica) &, JeFik
BBV —2 (Max Berek, 1886-1949 : X 3.11) 2 &
2EADHL Y RZED. A A TWY RS LA,
ChITHPLLY 74 A - £ 2 2131932 4E12 35mm &
A5, arv¥ v X (Contax) #%5¢L. DB 24k
DIANNVFuhHEVZ L F ISR T,
V7 A RBHE A VWD o272, 8 2 kIR K
T 1945 4RI A Y ANl ISR L 228 1S
F. REDY 7 4 ZADOEHRE - BANE 126 £ 2 VM
REET L, ALY - 74 AL LTRAL VEHS
DI —3—22 v~ Oberkochen O THi 72 1L L
Too THITXD Y 7 4 ZZHWEITHRL THRE O
BEr O Z TR L7225, 1991 4R ICHES LA — v —
Ty ANVIIAEERE W, DT 4 Vi, ARl
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4)

5)

6)

7)

8)

9)

10)

11)

12)
13)

DEDYISEO A, W ETE NP Y i e 4%
£, 1963

ANFRFEHE IR O BRSO BER | 1980

FH o — © BABEE IR, JUIN SO Rkt #ERk
Hpr, 1979

MR BE T 2 BB E O R E Y,
1988, pp.100

BHEX © fotrsihin > ¥ 7y 7 1. b4
Bk, WIEE)E | 2002

Hooke R.: Micrographia, Royal Society, 1665
(Dover edition 1961)

Ford BJ., AU KRR : v 70 - L v X - B
SRSEOMER —, VAL ) HEE, EBRFAIR
R, 1986

Innovation — Zeiss Information with Jena
Review, No.1, Carl Zeiss, 1996

Innovation No.15, In Memory of Ernst Abbe,
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TR EEEEE DB, SOICED HFAEEMT 5

FFBRHIRDEARIFALAE

375



®72

3 b3 MPlanApo 3L > X2 1) — D114k

1x 2X 5X 7.5X 10X 20X 50X 80X 100X 200X
0. 025 0. 055 0.14 0.21 0.28 0.42 0.55 0.7
MP1lanApo
11 34 34 35 33.5 20 13 6
0.28 0.42 0.5 0.55 0.62
MP1anApo—SL
30.5 20.5 15 13 13
0.21 0. 42 0.75 0.9
MPlanApo-HR
25.5 15 5.2 1.3
(EEB% : NA. TE : WD)

CLIZXD TR = EFEHLTWD, £7212
MPlanApo & & S IZFEB i D & v» MPlanApo-SL 3
X O"'NA ®» K & 72 MPlanApo-HR ¥V — XDk %,
72712 MPlanApo ¥V — A OMNREH Z/R§, I
Y b I TREOH. WHDEED SRR E TR
FEMNIE 2 L CERIDEROE B FI1F72 MPlan-NIR
LA @ LCD Plan-NIR ¥V — X, WA
LR F TRIGEMIEZ L CGREEIDLR O E
WY FIF72 MPlan-NUV & s B4 @ LCD Plan-
NUV ¥ ) =X, st Bfadz L v AR e LE
MO E M L e PR L7z MPlan-UV Y — X,
JEE35mm DAN—=HF A%l L CTHETAHH(IET
HET& N2 G PlanApo ¥V — X% EDGA4 VT v T
ZTH R LERPZ PO ERZ R LTV S,

727 3V b3 MPlanApo (#%35l) &R -HR (F15I)

:/U_Ze29)

HAG1, 1985 4R 125856 L 7= i #h J5 g 5 3 B At
Hixvf4r7u7+ FFXZHDE KO CF WL X
YV =ADAY FFA DG T B L ST
WL YA NCF ¥ =X %[5 53¢ L7z, NCF Plan &
NCF PlanApo ¥V —X (X1 7.28) TlZ#nhFFT®CF
Plan & CF PlanApo ¥V —XIZx L NA# K& LT,
+1) 2 73Z® SPlan. SplanApo ¥V —ZIZRHLL 72,0

7.4.4 1993 FLIEORFE
COEHIThyETEFEERE LT L, &7 -
TERMNY L ¥ X OB R MR~ DI FH A
VD SN, FNFFTIT-BEFELLE X, 1986 (I
6L Ty 7 4 A4k 54 H L% RICS
(Infinity Color-corrected System) * % #5 % L 7= 7 %!
W1 % $i Axiophot. Axioplan. Axiotron. Axiovert 2%
KA LFERENT (47 ZH). ICS IZEWH. &R -
T & b BB e e BE Al E C 2D SR G Al
ML & v ) BEHEATC, oL v X, HEIRY ¥
RERFMFE L2 DT, BRBEMEY) -y —& LT
DBEERTDDThH o7z MFEL ¥ XEIHWL ¥ X
E—RTHIEZMET 2R E Lo T, T4
VSRS D MBER IR Ew) T T M,
LFLLWH b DTRE R o205 hOY 74 X4t

B
NCF Plan
L%

[
=160mm

[EIYRbEE
=45mm

10X
NAO. 13 WD 16.22

NA0.30 WD9.22

] RS

40
NA0.70 WD O.61

100X o0il
NA1.25 WDO.16

HA
NCF PlanApo
FSE7NZ N

AR
= 160mm

[ e
=45mm

4
1

4x
NA 0.20 WD 15.0

10x
NA 0.45 WD 2.75

T
"‘-
AR
L]
[

40X
NA 0.95 WD 0.13

100X o0il
NA 1.40 WD 0.10

728 BAENFE NCF#L > XDIERKX
(NCF Plan, NCF PlanApo &1 — X' & V) $k#) 22
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MPEMPITRA L7 v 2 LT, F RS
FRATFA DNV REDPSECFHEZZ TS5 LIk
720 T4 NHTHE LEEHRED 7V 5 56%% (Delta
optics) " % 1992 4EIZF K L. 1998 41213 HC %%
(Harmonic Compound System) ~EFE L TW5b,
HAETIE, FTHY VAR ONFREME R
T REPREZ IR L. Bt - B8 % £
Ty 1988 AECH MBI L AL o~ X - HIRL ¥ X
) = A RO SAMSE L &R - T MM 4
MHEREAELZREL, HETT Y27 2R —
b &7z HFRBMRRE LNV OMERE ST EE
Ho— XA TE LY AT ALEN 2T A2 %
H#1Z, UIS (Universal Infinity System) & #fHi>
Sh7® ¥, BT 5ICS YY) — XL DERLD
L7220, KOLIBRDBDOTH -7,
) & 5w HBEEICE VTR RS L XV ORI,
AV ITAMNEAET S,

2) W, &w - TEHORAHERZ K- L, ER
HEANELFROHMIC LY . vy 27 LR
5 %o

3) MWL U X, R VX, HIRL Y XOFEINEE M
VARIEE Ly ROV 7 L Y TV kER e
T 5

4) —DODIY ) =X T, SFIFLPLFICHIETE
HAIN—HANWL VY X254 VT v 7T 5,

F YRR

Pl o ?? ‘ L“

g \ -
“ L :
. ) i
et ! —] - @7 2}
e [S—— (77 £ AL
Sl = -
A AR R W
T i
=45mm .f/ -
\ 4 .3
i [N 5
4x 10% 40X 100X 01l
NA 0.13 WD 17.0 NA 0.30 WD 10.1 NA 0.75 WD 0.51 NA 1.30 WD 0.10

&2

UPlanApo

5) HHEOBIIFEE 22 (TEHKIX 20) IR L. L
v ZOfEB R (WD) K& LTEMEREOm 1
ZM 5,

KRV v AOFE N HE L, Bk A e @k BHRET - SIERT
fili % # T, FHRMICICEY¥R LML 180mm & L7z,
LEN—=HUPYL P XL, TIrTRIuY— T T
YINFY=bD2DODY) =L L7205 AKOWBL
PPVERE % e R BEICHEOR LoD, AT ERALZE B = R i oG AF
Yo FE2FIEISER T2 LER DY, WEORE VR
AFCH o7z FICHOLBIEHE L TR VI EIE B
2dbH, POAREOD LRV ZRE L 722 Lid,
RETOHMEZ D2, SO AMA EIEITFSE 05
#3HD FK03 (A7 # : 3l S-FPL53) < GFK70 (f:H
WA TAB GERAFaY) EAMBL (7.3 2H]).
IR B Ze oA O AR AR L LAY ) IS D228
DERFHCEH SNz 7B AN E & &R U
Bilka—7 4 > 7 M BT 23 o 722 L DM B L 2o
720 EHITHPYL Y ADFEMERE - BV > XH
ML A B THHTEA SN e A ENEOR) FIZ
RERBEE R L7ze THLTI993 4EIC UIS 2%, #
W2 H R BHME BX U —X 4.7 B]) LILC,
F BRI R AR L R - TR UIS 28 AX
Y=, IX VY=, BXM RV —XDHtggiE it
WRREEN., ENAD L= =25/l Z %2 72,
7.29 12 UIS stL v X% & PlanApo 60 X oil

X729 #U /tZ UIS ML > XHEHRE 2

etk @ @:@ ﬁ&}f//% a2
7 L =
= Kl i) ) P 7
I s i (& %
=45m E (G 7
/é [N a4
1 1= L) N
4X 10X 40X 100X 0il
NA 0.16 WD 13.0 NA 0.40 WD 3.1 NA 0.85 WD 0.20 NA 1.35 WD 0.10
F iR - b;_;:l?_\j, _
P £S5
VIS Y —% W L
PlanApo [ £)]
s
bt <13
e r«/‘fq
A 7
—45mm ﬁiﬁ
40X 100X o0il
NA 0.95 WD 0.14 NA 1.40 WD 0.10
a) UPlanFl . UPlanApo. PlanApo &) — X & V) k¥

b) PlanApo 60 X oil DHEKHN & MEEE

FFBRHIRDEARIFALAE

377



378

DG FEZR S, $72M730 & 7.31 3LhEh/ALY
. &8 - TERAWNYL Y AKI ) —ADEETH 5,

730 #UL/SZ2UISHYL X (E4A) 2"

a) Ach 10X, 20X, 40X, 60 X, 100 X oil

b) Plan 10 X, 20 X, 40 X, 60 X, 100 X oil

¢) UPlanFl 4 X, 10 %, 20 X, 40 X, 60 X oil iris, 100 X oil,
100 X oil iris

d) PlanApo 1.25 X, 2 X, 40 X, 60 X oil, 100 X oil

e) UPlanApo 4 X, 10 X, 20 X, 20 X oil, 40 X, 40 X oil, 60 X,
100 X oil

f) LCPlanFI 20 X, 40 X, S-40 X, 60 X ¢

a§%?é%?£? b)
Yo e%e
e Y0 g

M7.31 FUL/ZRUISHMLCX (8 - T¥H) 2

a) MPlan5 X, 10 X ,20 X , 50 X , 100 X

b) MPlan-BD 5 X, 10 X, 20 X, 50 X, 100 X
¢) UMPlanFI 5 X , 10 X , 20 X , 50 X , 100 X

d) UMPIlanFI-BD 5 X, 10 X , 20 X , 50 X , 100 X
e) LMPlanFl 20 X , 50 X, 100 X

f) LMPlanFI-BD 20 X , 50 X , 100 X

g) LMPlanApo(-BD) 250 x

UU./

—Ji=a i, B REBEILOBNICE DY
T, 1994 4EIC CF A L~ X & M BOa 4l IE 2 jl A &
e Lwew - TEHANHL X CF & IC R
ZRIS L7 R v Ao EEZ. 200mm %
B L7 $E3K® CF MPlan ¥ — X4 5 NA 2 K
ELLTHMENEa Y bS5 A & E®DTz CF IC EPI
Plan. EfE#)#i#ko CF IC EPI Plan ELWD. #¥Efk
B#isko CF IC EPI Plan SLWD ® %3 ) — Xk, W]
W #1% i ® CF IC BD Plan, CF IC BD Plan ELWD
V=X ENLE o Tz (K7.32),

ZaY CF&IC##L > X%

7.32

a) CFIC EPIPlan5X,10x%,20X%,50 X, 100 X
b) CF IC EPI Plan ELWD 20 X, 50 X, 100 X

¢) CF IC EPI Plan SLWD 10 X, 20 X, 50 X, 100 X
d) CFICBD Plan5x, 10X, 20X, 50 X, 100 X
e) CF IC BD Plan ELWD 20 X, 50 X, 100 X

f) CF IC EPI PlanApo/CF IC BD PlanApo 150 X

Soll=avid, AYHESRE - THEEANHL >
% AWM EFT R U L7z CFl e R % Bz 12
FE L. 1996 AEH AL B = 7 V) 7 A (Eclipse) ¥
V=X LTI L7z EWHNY L v X H MR
ZMEBLEANIEC T % & RIS, AT oMU ok
® 45mm 5 60mm ~NE R Ly F2LARVAIRDY
R &% RMS 20 & M25 ~ & P T ALk - 1%
HBORHEEZR 5722 LITKE LB D o720 K73
AR L Y XD NCF ¥V — X (Plan & Plan
Apo ¥V —2X) KU CFlg ¥V — A (Plan Fluor &
Plan Apo ¥V —X) L OHMRIEZRT, KiE1S
RS T THRICEE i (WD) 2AKR& K Lo T

#73 =3 EYAYL S X CFly, & NCF ¥ U — XDt 2

Plan (Fluor) U —X PlanApo ¥V —X
4X 10X | 20X | 40X | 60X [100Xo0il| 2X 4X 110X | 20X | 40X | 60X | 60Xo0il [100Xo0il
NCF 0.13 [ 0.30 | 0.50 | 0.70 1. 25 0.050.20 | 0.45 | 0.75 | 0.95 1. 40 1. 40
TU—X | 16.22 | 9.22 | 1.78 | 0.61 0.16 5.80| 15.0 | 2.75 | 0.64 | 0.13 0.17 0.1
CFIg 0.13 | 0.30 | 0.50 ] 0.75 ] 0.85 1. 30 0.10] 0.20 | 0.45| 0.75 | 0.95 | 0.95 1. 40 1.40
PR 17.1 | 16.0 | 2.10 | 0.66 | 0.30 0.16 8.50 | 20.0 [ 4.00 | 1.00 | 0.14 | 0. 15 0.13 0.13
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L0 bh5b, $72M73312CFl, YV —ADTEHE
B"IGA VT Y TDEEERT,

TERTRTR o Y
c) 0

e

d) =
Bgts
88

¢

733 =3 CFlg L > X (£4H) @

a) CFl Plan Apo 20 X, 2 X, 40 X, 4 X, 60 X oil, 10 X, 100 X oil
b) CFl Plan Fluor 4 X, 40 X, 10 X, 60 X, 20 X, 100 X oil

c) CFIPlan1X,2X,4x,40X,10x, 100 X oil, 20 X

d) CFl Ach 4 X, 40X ,10x%, 100 X oil, 20 X

e) CFI S Fluor 10 X, 20 X, 40 X, 40 X oil

F) VN2, 2004 4EIC UIS 6% & WiE L. ¥
LWk R UIS2 vV — X 2B L <. EMHOIEN
TS [Power BX plus| & B RIBAMMEE [Power
IX plus] IZHEBRLTHRBE L. TOELNBELUT
W22 %,

D) HRBOLV Y Xa—5 4 Y 7EME I AMED
WoBICE D, #OEo SN ez B L7z,

2) MWL X UPLSAPO ) — X%, Wl
WD 430nm H 5EHRSED 1,000nm T THOIRWIRT
IEZ B EICHIE L. 72080 58 K0 &
WEEHREEL Y BMELT, SVF 5 —HRBIE
HREDEKWMT TV r—a YIZh e Lz

3) FIUINMA A=V Y ZIHIB L, BEAD X b B3z
R EBREE Y A7 A2 EH L1,

4) ETOXFRIMTT 275 AME . siveH
LEDHEEWEEZEI VI AT T AR, B
AN DRI & AT 720
X 7.34 12 UIS2 DHEF.% /R $

0% 99%¢ 444§
098 " indal

7.34 A1)z UIS2 1L > X2V

a) UPlan SApo 4 X, 10 X, 20 X, 20 X oil, 40 X, 60 X w, 60 X oil,
100 X oil

b) PlanApo N 1.25 X, 2 X, 60 X oil, 60 X 0ilSC

c) UPlanFL N 4 x, 10 X, 20 X, 40 X, 60 X oil, 100 X oil

d) PlanN2x,4X,10X,20X, 40X, 50 X oil, 100 X oil

F2= 3 VIF 2012412, LM & LT CFL2 5t
WML v X)) =X %55 Lz, A OB T 2 it
ZUANVL Y XA HAL, IEOKRE S 522K
VEBIBBL Z B L7222 7 LAV L ¥ X, [
Pk FF (DOE : Diffractive Optical Element) @
—HET, WEORITL v XL ERE YV AOTEE DD
(ML ¥ XTIRBERAFIT R B ) 720,
NS EMAGDEDL LOTNEMKT S I L5
W20, B EGEMIEZ EHTE %, CFlg2 4
WLy Xy =&, ZOMNM7LVAVL Y X2 HRH
L7-E/E8iiEE o TU Plan EPI/BD ELWD. M E&EAfE
EiifEo T Plan EPT SLWD. REAfEBjigkm#Ho TU
Plan Apo EPI/BD ® % ¥V — X &, EE#EHREIoO TU
Plan Fluor EPI/BD. #{Xf5*® T Plan EPIL, fiiJt
J® TU Plan Fluor EPIP D% Y1) — X S - T
VWho 1735 12 CFlg2 &3 ) — XDBEE R

a O FEn sy
L]

LLTTNITT

X 7.35 =23 CFlg-2 5L > X

a) TPlan1 X, 2 X

b) T Plan SLWD 10 X, 20 X, 50 X , 100 X

¢) TU Plan Fluor 5 X, 10 X, 20 X, 50 X, 100 X
d) TU Plan Apo 50 X, 100 X , 150 X

745 $EHIMLUX

ChETIE, FHOBEEN LWL > X)) — X1
DEHPLTELD, =—XDLKMLIcE b RnE F
EF AR E O L ¥ X5, EFHER oM AR
Lo THBEBEINTE . DTFIHEMNRDDIZD
WTIRHT %,

(1) WEBERIYILVX
EWBHEMBICBT AL Y ZOBERIE, 41505
DR TH B25, BEAD X U A WHPH 2 85 - itk
L7zwE g ==X LT, 53625 2 5 8L T Dk
KL v XS N CoRA. L v X
DG KEL 7 B720, WofFRL ol %
MEFFT 2 Z ERENNICHEL K 2 %0 D720, BlZ
WA Y82 clid. [ SR #E 36.65mm 12K L Plan
1.3 X 12 606mm i2%>TED, HFVBEFIIRL ko
720 FEINTRANIBAER S L > X o[l 52 i)

FFBRHIRDEARIFALAE
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L7=D 3T T, Brilmss MT-B & 362, Sl
265 D%~ X Plan 1 x (NA 0035, WD 1.6mm)
M9T5 AE TR E S NIz, T HARFIE, 1976 4%
DO CFx ML v ZOHIZCF Plan 1 X% 54 7 v
T L7z VU Y82 LB ¥ — X OH T SPlanFl 1
x %, UIS ¥ —ZX®»H T PlanApo 1.25 x (NA 0.04.
WD 51mm) %358 LT, X736 1% SPlanFl 1 X
DM TH HH STOMIRT X 9IS, FHERME
#E 45mm DS IEE 138mm D L ¥ AR AL D A
T, ostEE (A MENE) Z2MlofRe
IR U EFEICD > T2 RiThiEd R s wniz
O, BERTHL AR ML YR L 2 XRED
LAY RV VA4 T b, EHIT=a ViF,
CFI¥ ) —XT~<27u05xWL X (NA0O25,
WD70mm : ¥ 7.37, MO L Y b4 X & Hi/hL TR
LTw3) ZhF L7z L v X EI3MITARERRIC
ML 2 (WEHDOL v R) #HATEHRTHY,
L AH S S FEREEEA 60mm & KRE L oz
7o OFETTRE & %0 o 7225, ARG NURE 400mm. FE8L
¥ ¢ 50mm (ZMFIHZ R s Th 5.

==

_%_

736 F1)INX
SPlanFl 1 x 2V

7.37 =3> CFIl Macro
Plan 0.5 x

(2) BafaEamL X

SHMBROME I I I L Y ADONAIWKED
RFE 270, LRAIHEELZH L LTH R OMER
BRAEZDEI BT TERV. —BRITRARHEK
M DA HPH X, 500NA A 5 1000NA DR & X i,
CHZEBADIBAMBRZ. BHHERLIFETATVD
(258M), ZOONWL ¥ XOEEGEE D 100
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PV 160 5 TH o 7225, TEBATH 2 H0I
BV WL BBENIEN->TL B E, L Y)EFEOEN
HRdwin) ==X M T& 7 TSR LAED
A5, CF MPlanApo 200 x (NA0.95, WD 0.2mm) %
UIS ¥ Y — X ® LMPlanApo250 x (NA 0.90. WD
0.830mm : X 7.38) T %,

7.38 #1) > /¥Z LMPlanApo250 X 2V

(3) BRIEEMEERTIML VX

BE O L v XoEBHEE (WD) &, —#i
BRPEL 52 LB EEL B HHEICH 205 9
ETRHABOUBER, WL v X LR L OfffzE
DARBEEDBEI S, RO EEMTELTDH 5,
CD7=DRIEIR - T RS B M TR,
WD DEWHBIL V AHRF4 7y 7I3NRTED., L,
LWD % E DL B W T v B, K739 2#8E WD
L vy ZOREK OB % 7R3, NA 1 045 T 50 x
ELTIR/NEWVA, WD iZ 15mm & E K 4.2
Hddob, Kl ¥ AFEH LTHMEIREL &
D, IGEL MR R T VWzd, ED A AL Eh
5o FBEIIIENMIANAT—DL Y ADEE I LT
Who ZOBNZFEE A 45mm D b D TH 5 %,
i 7R o ] 4 4 B EE 60mm %° 95mm DX L ¥ X T
EWDMWL v XO%GHIAFINC R 5,

X 7.39 #1>/¥X SLMPlan 50 x 2"



(4) =RO%% (NA) L rX

NA ZKELTHDDL<—V a3 VI A4 VORI
Fu L1518 TH 29 5. WL ¥ XOBMLINA
RRMIZRVE 1.30~140 TH Y. a2 o
HIOBBEREEZEZON TV, ETIEAY U8
ADUIS2 ¥ 1) — X (2004 4£) 12 PlanApo N60 x oil
(NA142) =2 ¥ ® CFI Planapo 1 VU —2X (2011
4E) 12100 x oilH (NAL45) AHFEENRTWVWE, &
SIS RGO BI%E: (TIRF : 5.7.3 ) Tt
LYy AHSGZELTHENARAZIT) = — A8 %
Bl A—h—%4tE BRECFMHEZBECLT, &
FRNPL v AR NALIZHIK L 720 =2 ¥ Tk
CFI Apo TIRF 60 x oil & 100 X oil (32 NA 149)
Z, Y Y%A 3% Apo N 60 x oil TIRF. 100 x oil
TIRF ($£12 NA 149) K 0° 150 x oil TIRF (NA 145)
L HHA ANV (0217800 v,=19.1) B OVHH] AN —
#5 A% Apo 100 x oil HR (NA 1.65. X 7.40)
% Apo N 100 x Hoil TIRF (NA 1.70) %% L7,

7.40 #1)> /%X Apo 100 X oil HR 2"

(5) KERMYL VX

RBBKTHEAWL ¥ 23 EL 2SO H o208
(741 ), B3 ERP oMz BT 5720
ZOREREIHOEFE->TETW S, BRAHAD
THEO—2>TH B8y F 25 7 (Patch clamp) ¥
3. BREFED AR —7— (E. Neher) ¥y 7<= (B
Sakmann) 251991 FE®D ) — RV E - A2 E % 52
H L. MRy - AR TR Z B
7oo FRBBRTNIRS —0 1A A=Y Y i EHilk
BBV T, M oBIgE - BiED 720 KR
WV Y AHPELE B E R LT D HMEIEE
MDA 7 — VR EIE RS EED DN S lH oxt

WL v AERRY . KRBOMBEEIRESh, =
Val—va YBEXPLRTVII, WDEELL

TWBIRICAEEZ DT T, TAEEIHL Y X T
. RHHIR OB S 3 U TGS 2 #E 3 2 #l 1R B
BHZALTVw2b0bH5, SHITHYL ¥ X2
T D720, BRWKETRELNAZD BERE
I OERHEE TITHo K741 1&=3 >~ D CFI75
LWD 16 x W (NA0.80. WD 3.0mm) DART. [
T HEE 7omm EHFRTH Bo

3.0mm

741 =3 CFI75LWD 16 X W

(8) L VX

PEARD Si R GaAs, kT I vy O—FIF. EE
A 1m% B2 2 ERINECTENC R B, DDA
MBS A2 E, 7y THEE (YY) 3 VRO %
R DLEE) A5 IC /8% — ¥ DI IEBIZE. MEMS
OWNIBBIEE, I I v 7 BRHIMELR LS ESE R
METTVE=ZZBIRTE D, FIVIRIL ¥ X3,
AROWIRBILEDER L. T2 HERIMR (PR
2/mui %) TREIE O FIE &R IR 6 & R &
RLUZZEFIC R TV5D, FAMIL ¥ Xid, HAR
TH YAG L — (1,064nm) 1 & % P84k n] ¥ %0 i
MEREDOL —FYRTR T A MPL—F R LD
IR SN, #BRL LT ) 820D
ULWDMIRPlan ¥V — X (IC ¥V —X) % LMPlan-
IR ¥V —2X (UIS ¥V —X), =2 >® LR PlanApo-
NIR Y —X, I b3 ® MPlanApo NIR ¥V —X
VD5,

(7) RENIL VX

BHBIC BT OIS, L) RREEEsH
TR L~ XD £4 T HL E Iz,
WHEONFEN T AE, BIEERBDORENT v by
79 /RTH300mAIEFEFTTHSLDT, TRUTF
DOFEIBERIRTIE, HARAELR EOMEHIIRE S
Nb, V74 ZAthiE. 1959 4F12H) 240nm O FEHME
P HEFRIHEE THEERBRE TNV T TV T —
v (ULTRAFLUAR) YV —XZH®5%ELTw5b, &

FFBRHIRDEARIFALAE
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382

WHTREZZY£) ¥ (0,=1450. ».=58) Zfliv,
JEWE BT B 2 6D E R OGBS R EIEA S h
Too —iy LEMTEMGEZ HNE L7 REIVIY
Ly XELTIE, =3 ¥A81998 41 = A Ek A
¥ A2 5 A DUV L — ¥ ks LU2000-DUV IC## L
2B @100 x (NA 09. WD 042mm. 1 266nm)
AH Y. 01umL/S O HRE T IS - JEpED
UTNF A LBIEE - SRR E LTwb, T24
1) ¥ 8 Z % 2001 4E 42 DUV I @ MApol00 X -248NC
(NA 090, WD 0.2mm, A 248nm : X 742) ZBHF L.
DUV #fifiz=y PEHITHELTVD, WIhd
ANLHAEBRAEDOHL ¥ AWPHHY . L v X
GARNIMEDNTE 5T, T - AITIIRE IR
JENPLR SN D450 TEEHEORVILERTH 5,

7.42 #1) > ¥Z MApo100 X -248NC 2"

(8) Zfth

Filoigs, HZ L ICS ST 2 MMssmL ~
ADHAET o ZHRTWEIR L BT WEt 2 M Ak
ATET WL ¥ X B O A THEK & i
DEL BVENHL Y X, F4 A =Y a vES
WHIIE L2 E SIS L » XL ThH b, Th
ZNORER L BB 5 A5, Ml & R AR &
WX WIS 5,

I /.5 bhrEOEIRL > X0

EIRL ¥ X (263 M) (3, BMEIL HEs - N
RFEOMP L ¥ XX B2 WRBIFET LDV
AThho Vv MR 1ROYE, B2 RE LT
LV Y AFESBREL D0, 2RETHIK LATRET
YL Y ZXh 60N E D, BIFOL ¥ A THIKT
294 THEHIPOLHVOLNT WS, ZOL &, Hi
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HE2HEL v X (field lens), #HHZIRL ¥ X (eye
lens) LI, ENZENHFHL ¥ 2T, YL v XD
BALEXW L ¥ ZOWICH B 7 4 7. 1703 4124
5 FDERAL N A (C. Huygens) 35 L7214
FURERLY v X (K743) T, BIFL Y XX DM
MMZH D54 TE, 17834 FYVAD T ARAT
v (J. Ramsden) Z3FHL7z5 A A7y AHERL ¥
2 (M744) TH5H. BEFIZ WL ¥ ZOBE I
TR HED FOOVL MR EEE LR TV EW
YAy bADH B 18494EICF AL Yo r v — (C
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2016.12.20 BifE

JIS Ty < Hil5E - YIEA:

E

FHE IS0, #tar - BElk

B 7132: 1949 — 1998

Gy E D

2009 g1k = MIS 1001: 2011

B 7132-1: 2009

SRPYEE D S 14 52 Bk — 28 1B B R 160 mm

ISO 9345-1

B 7132-2: 2009

ST OB 17 5 B~k — 2 2 8 ¢ BRARA R MR

ISO 9345-2

B 7133: 1951 HCIRR L > X A SR 1998 BE 1k = JIS B 7132: 1998
B 7134: 1951 UN 2R FAL 1999 BE 1l = MIS 8801: 2008
B 7135: 1957 L BUR SR S5 1986 BEIE = JIS B 7132: 1986
B 7136: 1965 UL R E S 1999 BE Il = MIS 9503: 2008
B 7137: 1990 PSR I s u X —% 1999 g1l = MIS 9001: 2008
B 7138: 1990 ARSI AR 20 X —5 1999 Bg 1k = MIS 9002: 2008

B 7139: 1951 — 1997

U S 5

2008 BE1E. = JIS B 7139-1~4:
2008 {2 IE

B 7139-1: 2008

PR IS - 55 1 36 — —MEORF I

ISO 11884-1 & ISO 11884-2

B 7139-2: 2008

PRGBS - 28 2 & — Bk

ISO 15227

B 7139-3: 2008 BURFARBRISE « 55 3 3 — 2OR ISO 11883
B 7139-4: 2008 BRSPS - 55 4 #F — ARk H ISO 15362

B 7140: 1951 SRS AR A 1999 BE1l: = MIS 8602: 2008
B 7141: 2012 ST — L ISO 8038
B 7142: 1951 SAMSER M L Y AR L RNV ANDRA LT 1994 BE1l = JIS B 7141: 1994
B 7143: 1951 — 1977 | BMEEHRL ¥ X EHR R ) — T L DIZdH Wik ISO 10937
B 7144: 1951 PSR — E AR AR L NI A Y — T L DIEDH BV 1999 B£ 1l = MIS 9501: 2008
B 7145: 1951 SAMEE — A 7 — VB M D1 D B Wik 1999 g1l = MIS 9502: 2016
B 7146: 1951 I LY ANEHHVE 1995 BE 1l = JIS B 7145: 1995
B 7147: 1967 A SEMSIR L v X 1999 BE1l: = MIS 9301: 2011
B 7148: 1967 SRS BRI L ~ X 1999 g1l = MIS 9201: 2007
B 7149: 1951 SAMBHBEIR L & XHE AR 1999 1k = MIS 9505: 2007
B 7150: 1967 e 1999 BE1k
B 7151: 1967 HBAZIR L > X 1999 BE1k
B 7152: 1967 A MBI L v X RO L > X — PERE E )5 1999 BE1l = MIS 9101: 2016

B 7158-1: 2010

BBV Y AOURKPFR-F 1 77 YL v X
DR T

ISO 19012-1

B 7158-2: 2011

SRS L v X OVERE R OV F0R — 45 2 8 ¢ PR AIE

ISO 19012-2

B 7158-3 BMSI L v X OVERR R OZOR - 55 388 WL ¥ X050k | IS0 19012-3, 2017 44l 5E A
FIES

B 7251: 2000 TR CHREE D 2R ISO 8576

B 7252: 2015 WIS L ¥ AR OEIRL ¥ XD FTRTTH: ISO 8578

B 7254: 2007 SRS — R ISO 8039

B 7255: 2007 BiEi- C~=>7 v b ISO 10935

B 7256: 2007 SRS — ARk H ISO 12853, 2017 4FE A

K 2400: 2015 SRR GBAIZEAT) ISO 8036

R 3702: 1957 — 1996

BB A N —H T

ISO 8255-1 & ISO 8255-2

R 3703: 1957 — 1996

WBEHA S A F 5 R

ISO 8037-1 & ISO 8037-2

T 4204: I 2k 2001 BE 1L
T 10936-1: 2014 T SRR — 45 1 #F ¢ FERIFH R OB ISO 10936-1
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2. FAFTAHERERDE I1ISO RIZ—&

2016.12.20 JAE

Fig WE - QUEAE %o W XIS JIS
ISO 8036: 2015 Immersion liquids for light microscopy K 2400
ISO 8037-1: 1986 Slides - Part 1: Dimensions, optical properties and marking
ISO 8037-2: 1997 Slides - Part 2: Quality of material, standards of finish and mode of packaging R 5705
ISO 8038: 2013 Screw threads for objectives and related nosepieces B 7141
ISO 8039: 2014 Values, tolerances and symbols for magnification B 7254
ISO 8040: 2001 Dimension of tube slide and tube slot connections —
ISO 8255-1: 2011 Cover glasses - Part 1: Dimensional tolerances, thickness and optical properties
ISO 8255-2: 2013 Cover glasses - Part 2: Quality of material, standards of finish and mode of R 3702

packaging
ISO 8576: 1996 Reference system of polarized light microscopy B 7251
ISO 8578: 2012 Marking of objectives and eyepieces B 7252
ISO 9344: 2016 Graticules for eyepieces (B7149)
ISO 9345-1: 2012 Imaging distances related to mechanical reference planes - Part 1: Tube length B 71321

160 mm
ISO 9345-2: 2014 Imaging dista.nces related to mechanical reference planes - Part 2: Infinity- B 7132.2

corrected optical systems
1SO 10934-1: 2002 Vocabulary for microscopy - Part 1: Light microscopy —
ISO 10934-2: 2007 Vocabulary for microscopy - Part 2: Advanced techniques in light microscopy —
ISO 10935: 2009 Interfacing connection type C B 7255
ISO 10936-1: 2000 Operation microscopes - Part 1: Requirements and test methods T 10936-1
ISO 10937: 2000 Diameter of interchangeable eyepieces B 7143
ISO 11882: 1997 Interfacing connections for 35 mm SLR photo camera (T - thread adaptation) —
I1SO 11883: 1997 Marking of stereomicroscopes B 7139-3
ISO 11884-1:2006 Minimum requirements for stereomicroscopes - Part 1: Stereomicroscopes for

general use

B 7139-1

ISO 11884-2:2007 Minimum requirements for stereomicroscopes - Part 2: High performance

microscopes
1SO 12853: 2015 Information provided to the user B 7256
1SO 15227: 2000 Testing of stereomicroscopes B 7139-2
1SO 15362: 2014 Stereomicroscopes - Information provided to the user B 71394
ISO 18221: 2016 Microscopes with digital imaging displays — Information provided to the user .

regarding imaging performance
1SO 19012-1: 2013 Designation of microscope objectives - Part 1: Flatness of field/Plan B 7158-1
I1SO 19012-2: 2013 Designation of microscope objectives — Part 2: Chromatic correction B 7158-2
ISO 19055: 2015 Minimum requirements for binocular tubes —
1SO 19056-1: 2015 Definition and measurement of illumination properties — Image brightness and .

uniformity in bright field microscopy
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3. BABRMIETRSAE (MIS) —8BX

2016.12.20 JAE
Fi  HE - YOEAE E *IE JIS
MIS 7801: 2016 H A B8 13 2 BURG 1) 1 5 1 —
MIS 7804: 2007 AN W SRR B D A RSB AR —

MIS 8602: 2008

SRS IRAREA

JIS B 7140 (1999.10 BE1l)

MIS 8801: 2008

AN

JIS B 7134 (1999.03 BE1L)

MIS 9001: 2008

AW HHSENIMI 7o X -5

JIS B 7137 (1999.10 B&1l-)

MIS 9002: 2008

AW SRSIIN WIR S 7 0 X — 5

JIS B 7138 (1999.10 B&1l-)

MIS 9101: 2016

B ESTHN M L Y AR CRIRY > X - Mgl )i ik

JIS B 7152 (1999.10 B&1l-)

MIS 9201: 2007 SIS EIR Y ¥ X JIS B 7148 (1999.10 BE1L)
MIS 9301: 2011 FE SIS L > X JIS B 7147 (1999.10 BE k-

MIS 9501: 2008

SRR — BRI L R R ) — T L DIZD H W

JIS B 7144 (1999.10 BE1k

MIS 9502: 2016

RS — 27— VR R D130 H Wi

)
)
JIS B 7145 (1999.10 BE1L)
)
)
)

MIS 9503: 2008 U AR L JIS B 7136 (1999.03 BE1L-
MIS 9001: 2008 SRS IR L > X R JIS B 7149 (1999.10 BE 1L
MIS 1001: 2011 GRYF 6 JIS B 7132 (2009.10 &1+
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