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6.1

6.1.1

(1) 

(2)

(3)

(4)

(5)

(6) 

(7) 

(8) 

(9) 

(10)

(11)

(12) 

filed stop diaphragm aperture stop diaphragm

Field stop diaphragm aper-

ture stop diaphragm

Field stop diaphragm Koehler
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Aperture

stop diaphragm

1. 

(the primary image)

2. 

(empty magnification)

P

P P

(numeric aperture) (NA) 

NA

n

NA=n x sin u 2u

1 n

1 1.52

1

53

6



r= / 2 NA

r r

6.1.2

1. 

2. 

54



(condenser iris diaphragm) 

3. 

4. 

=

160 mm (10X) 160/10 16

mm 4 mm 160/4 40

1.8 2.0 mm

5. (Parfocal lenses)

parfocal lenses

6. 

NA=n sin u

n 1 n n
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6



1.51~1.56

23°C 1.515~1.520

6.1.3

(1) 100 100:1

(2) mm

(3) 

17 0.17 mm

+/- 0.01 0

(4) 1.30

(5)

170/0.17 Pl Apo Oel 100/1.32 170

mm 0.17 mm (flat field)

100 1.32

HI WI Ph

Ultrafluar (Zeiss) UV Fluotar (Leitz) Neofluar

(Zeiss) 

6.1.4

(iris diaphragm) 
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swing-in lens swing-in lens

6.1.5

(field lens) (eye lens) (Field

lens) (eye lens) (eye lens)

(field stop)

(eye lens) 

field diaphragm (Huygens eye-

pieces)

(compensating eyepieces)

Zeiss
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6



(eyepoint)

8x, 10x,

12.5x

100 10 1000

optovar magnification changer

tubal factor 1.0, 1.25, 1.6, 2.0

1000 100 1.25

1250 12.5

8x, 12.5x, C, K comp (compensat-

ing eyepieces for flat-field objectives)

pl (plat field) W wide field

field-of-view

infinity-corrected lenses

6.1.6 (Homogenous)

NA= n sin u

NA n Cedarwood

1.515 1.33 1

1.515~1.520

1.44~1.515

(1.530~1.540) 
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6.1.7

(metaphase)

(metaphase)

6.1.8

6.1.9

(field diaphragm) 
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6



6.1.10 Kohler (Kohler Illumination)

Kohler

Kohler

(1) 

(2) 

(3) 

(4) 

(5) 

(4)

(6) 
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(7) (N.A)

(8) 

1~2 mm

6.1.11

(Giemsa) 

Wratten 530  nm 500 nm 546

nm

6.1.12 (Immersion oil) 

Cargille A B

PCBs (Polychlorinated biphenyls)

6.1.13 (coverglass)

1 1~1/2

0.17 mm

6.1.14 (slides) 

High- NA 1 mm 0.05
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6



6.1.15

6.1.16 (Flnorescence Microscope)

(probe) 

(incidental light)

(incidental light) (Epi-illumination) 

Ploem illumination

(incidental light) 
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6.1.17

300-400 nm 400 nm

(700 nm)

(quinacrine) 460-500 nm

XBO75 150 450 HBO 50 100 200 12 V 100 W

100 50

2

6.1.18

(quinacrine) 460

500 nm 500 550 nm

460 500 nm

510 550 nm 500 nm

(Acridine) 500 nm 530 nm

(Hoechst) 365 nm 480 nm

546 nm
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6



Epifluorescence 

(dichroic reflector)

6.1.19

(apochromats)

brightfield

6.1.20 (Phase Contrast Microscopy)

(inverted) 

(Phase) C (Giemsa

stain) R

(phase) 

64



(phase annulus)

(Zeiss optovar) (annulus)

phase

10 100

6.1.21 (Inverted Microscope)

Inverted microscope

6.1.22

(band) 

0.2 µm

Kohler

(1) (field diaphragm)

(2) (field diaphragm) 

substage diaphragm
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6



6.1.23 (Brightfield Photography)

1. 

brightfield photography

(band) 

Davidson G (560 nm)

(500 nm)

(phase contrast photomicrography) Kodak Wratten 13 58

61 61 C banding

2. 

eyepoint

f-

stop aperture

(splitter)

35 mm

(bellow) (photomi-

crography) 4 5 (bellow) 

4 5

6.1.24

1. 

66



2. 

Kodak Technical Pan2415

3. 

Kodak T Max 100 Agfapan25 65 lines/mm

Kodak Technical Pan 2415 55 lines/mm

4. 

ASA

DIN number

ASA/DIN

5. 

6. Daylight bulk film loader

Daylight bulk film loader 35 mm

67

6



7. Bracketing Exposures

Bracketing

Exposures

ASA

(1) ASA

(2) ASA

(3) ASA

(4)

6.1.25 (Fluorescence Photomicrography Films)

1. 

ASA

Kodak TP 2145 ASA 7

5 Q banding Agfapan APX25

Ektachrome P 1600

ASA Diafine 400ASA

1600

2. 

(acridine orange) 

(in situ probe) 

push-processed

(Fluorescence photomicrography)

ASA pushed
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ASA

20-90

3. 

photomultiplier photodiodes

Photomultiplier

Zeiss Axiophot Leitz MPS 4652 phtomultiplier Leitz

Orthomat E

6.1.26

apron

1. (Developer) 

2. (Stop Bath)

pH

69

6



3. (Fixer)

sodium thiosulfate

(ammonium thiosulfate) 

Resin-coated

thiosulfate

10 11 hypocheck

4. (Washing Aid)

Hypoclear Orbit Bath Perma Wash

5. (Wetting Agent)

Kodak Photo-Flo

6. 

6.1.27

2-6 35 mm

apron

1. 

(developer) 

(stop bath) 

(indicator) 1%

70



(fixer) 

10-11

2. (Washing aid)

Hypoclear Orbit bath Perma Wash

3. (Wetting agent)

4. 

6.1.28

apron

1. 

68 75 65

(photomultiplier) 

(averaging meter) 
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6



Zeiss Axionphot Leitz MPS4652

Leitz Orthomat E

(1) 

(prewash)

(2) 

30 5

15

10

2. 

3. 

4. 

68-72

30
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5. (Wetting agent)

Kodak Photo-Flo

60

6. 

6.1.29

(condensor) 

(diffusion) (diffusion enlarger) 

(condensor enlarger) 

75-1000 Tungso

1. 

35 mm

2. 

8 10

73

6



3. 

20

4. 

(densitimer) 

5. 

4

3-4

15

X- 5-6

6.1.30

(Kodak Liquid System

Cleaner)
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1. 

Kodak Dektol

2. 

Kodak stop bath

3. (Fixer / Hypo)

(sodium thiohyposulfate)

(1) 

(2) 

(3) 

(4) 

(5) 

tri X

4. 

200 8

10 4

5. Hypocleaning

hypocleaning
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6



6. 

6

(Kodak) 

65-70

(1) 

(2) 2 2 Kodak HT2

(3) 

(4) 

(5) 

Kodak hypotest solution

24 4 28% 1/4

7. 

RC RC

RC

19 24
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(drum dryer)

6.1.31

(bands) 

10-15

1. 

silver halide

(single) (medium) 

(double) 

0 2 5 6

0-6

3 4

2. RC

190

77

6



6.1.32

35 mm

IBM UNIX

CCD

1. 

2. (metaphase) 

3. FISH

FISH
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6.1.33

79

6

1.515
1000

(>1 cm)

(diaphragm)



1. 

2. 

80

NA NA

NA

ASA/f-Stop ASA

ASA/f-Stop ASA

68

G bands Giemsa
Kodak Panatomic-X,Plis-X,

TP2415

G band Kodak D-76 HC-100

Giemsa stain

Acufine, UFG-1, D-19

2-1/2



81

6

Köhler (field 
diaphragm) 

Rollers

Roller

Roller

(Enlarger) (Enlarger) 

(Enlarger) 



(1) CCD

CCD (probe) 2kb

(2)

CCD

6.1.34 (Protocols)

1. 

2. 

82

Köhler

80A (3200°K) 80B (3500°K)

COLOR PRINTS

Antifade antifade



3. 

72 75

(1)

(2)

(3) HC 110 400

(4)

(5)

(6)

(7) 68 75
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6



(8) Photo-Flo

(9)

(10)

4. 

(1) Ilford Beseler dust

gun 22

(2)

1-1/2 2-1/2

(3)

(4)

(5) (3-

5) (0-1)

5. 

(1)

(2)

(3)

(4)

(5)

84



(6)

6. 

(1)

(2)

(3)

(4)

(5)

(6)

(7)

7. 

(1) 50-100% Dektol

(2)

(3)

(4)

(5) Hypo clear

(6)

(7)

(8)

8. 

(1)

(2)

(3)

(4)

(5)

(6)

85

6



(7) Dektol

(8)

(9)

(10)

(11) Hypo clear

(12)

(13)

(14)

9. 

(1)

(2) (replenishment) 

(3)

(4)

(5)

(6)

10. 

(1)

(2)

(3)

(4)

11. 

(1)

(2)

(3)

86



12. 

6.1.35 (Karyotyping)

1. 

(karyotyping)

(karyotype) 

(Karyotype) 

2. 

(karyotype)

(bands) 

3. 

(1) Katie computer

(2)

(3)

(4)

(5)

(6)

4. (karyotyping) 

(1)

(2)
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6



(3)

(4)

(5)

6.1.36 (Photomicrographic Procedure) 

1. 

2. (Harvesting procedure) 

3. 

Cargille 

(1) Type A cat. #16482

(2) Type B cat. #16484

4. 

(1) Lens tissue

(2) Kodak Technical Pan 2415

(3) BH-2 Olympus BHTU microscope with model PM-10AD photomicrograph system

(4) 10x 

(5) S-Planapo 100

(6) Lens cleaner

(7) Photography worksheet

5. 

(1) 10 15 25 36 Kodak Technical Pan 2415

(2) time-off / winding
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(3) (diaphragm) (condenser) 

(4)

(5) 10 100

type B type A

(6)

1 2

(7) Kohler 

a. 

b. 

c. 

(8)

(9)

(10) 3

(11) 3.4

(12)

(13) photo

(14)

(15) 4 G-band

(16)

6. 

(1)

(2) 10

(3) VG-9
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6



6.1.37 

1. 

2. KODAK TECHNICAL PAN FILM 2415

3. 

(1) (Kodak HC-110)

(2) (Kodak D-19)

(3) Kodak 

(4) Rapidoprint 6182B (Rapidoprint DD5400)

(5) Rapidoprint QS04 (Rapidoprint DD5400)

(6) Rapidoprint 6180B (Ektamatic)

(7) Rapidoprint G380B (Ektamatic)

4. 

(1) Besler 23C II

(2) Besler 45 MXII

(3) Kodak Ektamatic

(4) Rapidoprint DD5400

(5)

(6) (Besler) 

(7)

Rapitone P 1-2 Paper

Rapitone P 1-3 Paper

5. 

(1) HC-110

a. Kodak Technical Pan 2415 
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b.

(a) HC-110 HC-110 G C 1:7 Q R

1:3

(b) HC-110 HC-

110 HC-110

(c) 

(d) 2

(e) 

(2) D-19

a. Kodak Technical Pan 2415 

b.

(a) D-19 D-19

D-19

(b) 

(c) 2

(d) 

6. 

68

91

6



7. HC 110

8. 

(1) Rapidoprint 5400 10

3-4

(2)

(3)

(4) (Rapitone P1-2) 

(Rapitone P1-3) 

(5) F-stop

(6)

1

(7)

(8)

(9) Kodak Ektamatic 2-8

92

HC 110 (min) Temp. D19 (min) 

5.00 74 (23 ) 
5.20 72 (22 ) 
5.40 70 (21 ) 
6.00 68 (20 ) 4.00
6.20 66 (19 ) 4.20
6.40 64 (18 ) 4.40
7.00 62 (17 ) 5.00

1:3  1 45 ml 135 ml 180 ml
2 110 ml 330 ml 440 ml Q&R

7

1:7  1 25 ml 150 ml 175 ml
2 55 ml 385 ml 440 ml G&C



9. 

(1) Rapidoprint DD 5400 DR 5400

a.

b.

c.

d.

e.

f.

g.

h.

(2) Kodak Ektamatic Processor

a.

b.

c.

d.

e.

6.1.38

1. 

(1) 

a. 

(a) 16 (Kodak HC-110)

(b) (glass gallon stock bottle)

(c)

93

6



(d) 120 ml

(e) 1.2L 1/2

b.

(a) 120 ml

(b)

(c) 1

c.

(a) 1.9L

(b) a

(c) b

(d) 900 ml

(e) 1/2

(2) 1-L

a.

(a) (stock solution) 

(b) 1:19 100 ml 1900 mL

b.

Use straight from stock bottle 850-900 mL

c.

Use straight from stock bottle 850-900 mL

2. 

Kodak Technical Pan film

(1) 

(2) 

(3) HC-110

(4) 
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(5) 30

(6) 15-30

(7) 2-4

(8) 30

(9) Hypo-Clear 30

(10) 68-70°F

(11) Photoflo

3. 

(1)

(2)

(3) 30

6.1.39

1. 

2. 

(1)

95

6

66 68 70 73
8-3/4 min 6 min 7-1/3 min 6-3/4 min

65 72



(2)

35 mm

(3) planapochromate planfluorite

Kohler

(4)

(5)

3. Hope Model 152 Kodal TP 2415

Kodak Duraflo RT 24°C 50% Kodak

72-74 °F

4. S-8 Kodak TP2415

S-8 2 ft/min

5. Kodak TP2415

(1) Kodak D-19 22°C 5 1:2 30 1-2

(2) 1%

(3) Kodak 3 30 5-10

(4)

(5)
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6. Kodak HC-110 B 22 1 7

Kodak TP2415

(1) 30-60 1-2

(2) D-19 Kodak TP 2415 2-6

7. Ilforspeed RC Ilford

(1) Tray

(2) Ilforspeed 2400 RC

60

(3) Ilforspeed RC

Kodak Kodabromide II RC Agfa Rapitone

Ilford Ilford

8. 

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8) 4
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6



(9)

(10)

(11)

(12) 4

(clones) 

9. 

(1) 

a. Agfa Rapitone RC (Agfa-Gevaert)

b. ACS 5

c. Ilford Ilfospeed RC Ilford photo

d. Ilford RC Ilford photo

e. Kodak D-19 (Easeman Kodak) 

f. Kodak Duraflo RT (Easeman Kodak) 

g. Kodak HC-110 (Easeman Kodak) 

h. Kodak Kodabromide II RC (Easeman Kodak)

i. (Easeman Kodak) 

j. Kodak TP 2415 (Easeman Kodak)

(2)

1% 1 ml 99 ml
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6.2

6.2.1

99

6



6.2.2

Kohler Kohler

6.2.3

100x

6.2.4

6.2.5

(pixel) (pixel) 

X 10 11p 12q 17q

100



6.2.6

1. area / window

area / window

4p 9q 17q 19 22

G Q

area/window

2. (sharpening) 

area / window

3. (contrast) 

6.2.7

101

6



1. 

2. 
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