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1  Electrical measurement 
 

   
 Potentiometer (measurement of electromotive force with zero current) 

 

    
      Optical galvanometer (1) 
 

   
    Optical galvanometer (2) (sensitivity 0.02μA) 
 

    (J.Takagi, ”History of electricity”, Ohm Ltd. (1967))  
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2   Wired communication 
 

 

  Telephone by A.Bell (1876) Electromagnetic microphone and receiver 

     （I.Sagara : History of electronics in 20th century, Nikkei electronics (1996)） 
 

      
  Electromagnetic receiver and carbon  Carbon microphone  Condenser microphone 

  microphone     Edison (1877) 
 

          
 

Donation by Emeritus Prof. Yakichi Higo of Tokyo Institute of Technology 
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3   Wireless communication 
 

 

  

   Yagi antenna (1928)  (“Tohoku University” 2007/8/1) 

 

     

 Vacuum tube radio [1]   Transistor radio (Sony TRW-621)(1960) 

(Clock can be used as timer) [2]  
 

  
 

Transistor radio circuit (Sony TRW-621) (1955)[2] 
https://www.radiomuseum.org/r/sony_TRW_621 

 

[1] Donation by Mr. Masami Tawara (Optoelectronics) 

[2] Donation by Emeritus Prof. Yakichi Higo of Tokyo Institute of Technology    

https://www.radiomuseum.org/r/sony_TRW_621
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4   Recording 

  
    Edison and phonograph (1877) [1] 
 

           

 Magnetic wire recording by V.Poulsen (1898),    Magnetic wire recording (Gakken) 
 

   

   AC bias recording (K.Nagai (Tohoku University) 
 

  

             Vacuum tube tape recorder (Sony) 
 

[1] Donation by Mr. Masami Tawara (Optoelectronics)     
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5  Calculator (1) (Analog) 
 

 
Banboo Slide Rule[1] (logAB = LogA+LogB)      [1] Donation by Emeritus Prof. Yakichi Higo 

 

 

 

 

 

 

 

 

 

 

 
 

Differential Analyzer  (https://www.tus.ac.jp/info/setubi/museum/main/info_eng.html) 

 

Differential Analyzer is a mechanical analog computer to solve differential equations. It was invented by Prof. V.Bush 

in MIT in 1931. The machine in the photograph in Tokyo University of Science was used in Shimizu laboratory in the 

department of mathematics. The principle is an integrator by drawing some area.   

 

Analog computer using operational amplifiers is an electronic computer to solve differential equations.   Motion 

equation is f = m d2y/dt2  (f : force, m : mass and y : displacement). By combining integrator as shown in the figure 

and gravity force (f) is applied at the input, speed (dy/dx) is obtained as a negative value of the output of the 1st stage. 

Further displacement (y) is obtained at the output of the 2nd integrator. The mass (m) is given by the C1R1. When S1 

and S2 are closed the initial speed is set as E1 on C1, and initial position E2 on C2 respectively. S1 and S2 are opened 

at t=0 and then the time dependent speed and displacement are given. 

 
Analog computer                 

Time and Size can be 

transformed to equivalent 

ones which we can imagine 

using the logarithmic scale.  

 
Time Size Equivalence Scale [1] 

 

 

 

  

    

Example of element of mechanical 

computer (Hermann integrator)  (A.Ben 

Clymer, The mechanical analog computers 

of Haannibal Ford and William Newell, IEEE 

Annals of the History of Computing, 15, 2 

(1993) 
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6   Calculator (2) (Digital) 
 

 

   

     Calculator using gears with steps by Leibniz (around 1700) 
   (S.Ohkoma, A history of computer development, Kyoritsu Pub. (2005)) 

 
 

  

  Mechanical digital calculator (around 1960)   Model to show the principle 
 

        

ENIAC (1946)   Transistor calculator (1963)      Ten key transistor calculator (1964) 

         Hayakawa electric (now Sharp)    Canon “Canola 130” 
 

 

 E.Goto    Parametron computer (1971) 

 
[1] Donation by Emeritus Prof. Yakichi Higo of Tokyo Institute of Technology 
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7   Optical instruments (1) (Camera) 
 

 

     

Ricoh 35 lens shutter 35mm film    Twin-lens reflex camera [2]   Mechanical self- 

camera (1950’s) [1]         timer for camera[1] 

  
     First autofocus camera   Analog recording camera 

     
 8mm movie camera and its projector     Digital video camera 
[1] Donation by Emeritus Prof. Yakichi Higo of Tokyo Institute of Technology 

[2] Donation by Emeritus Prof. Hiromasa Ito of Tohoku Univ.   
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8   Optical instruments (2) (Microscope) 
 

    
Old biological microscope   First microscope (replica)      Portable microscope [1]  

     (Olympus) 
 

 
Telescope (1930s) [1] 

(donated by Emeritus Prof. Yakichi Higo of  

Tokyo Institute of Technology) 

 
 

 

   

 

      Corner cube 

 

 

 

 

 

 

 

 

 

 
  

Corner cube 

Interphone using flat cathode ray tube (bottom) 

(donated by Hiroshi Tanigawa (NEC, Ritsumeikan Univ.) 
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9   Optical instruments (3) (Infrared measurement)  
 

 

 
Mechanical scanning infrared imager made in Barnes Company (USA) (donated 

by Prof. Kimata in Ritsumeikan Univ. ← Prof. Eto in Kinki Univ.) 

 

 

  

 Golay cell (infrared light detector using an expansion of gas)  

 
     

  

Radiation temperature meter using diminishing image of hot wire (corridor) 
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10   Vacuum tube 
 

  
 

  Diode       Triode  Triode    MT tube, GT tube, ST tube, Metal tube, Nuvistor 

Fleming (1904) de Forest(1906) (Indirect heating) 
 

   

 Split-anode magnetron (1932) (History of electronics development （1998）) 
 

   
    Magnetron for microwave oven  Klystron         Light house tube 

 

   
IR image converter tube    Chalnicon and AP imager (Hamamatsu Photonics)   CRT for oscilloscope    
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11  Transistor and integrated circuit 
  

    
Point contact transistor (1947 Bell Lab.) Planer integrated circuit (1959 Fairchild)    

(Made in Western Electric) 

     
Trend of integrated circuit and  

home electronics 

 

 

 

      
         Development of integrated circuit 
  (Semiconductor IC Guide Book 2, JEIDA (ed), Industry times (2012))        
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12  Patrick Haggerty’s forecast (1964)   
 

 
 

 
 

 
 

 
 

 
(Seitz & Einspruch, Electronic genie – The tangled history of silicon  (1998) Univ.of Illinoiis Press)           
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13   Large size vacuum tube for transmitter 

 

   
Triode for transmitter (7T40)      Water cooled triode for transmitter (8T72A)) 

 

   
    Triode for transmitter (5T31)   Power triode 

 

  
Pontoode for transmitter (4P60)  Pulse modulation tube (3F21P) for radar and sonar 
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14  Cannonball of anti-aircraft gun using vacuum tube (VT (Variable-Time) fuse) 
 

 Cannonball of anti-aircraft gun using vacuum tube (VT (Variable-Time) fuse) was developed during 

the Pacific war in Johns Hopkins University in United State1). When radio waves from the cannon ball 

are reflected by a target airplane, the reflected radio waves containing frequency difference between 

transmitted and received waves by Doppler effect are detected. This was detected if the distance 

between the cannon ball and the target airplane is less than 20m. Interval timer is not necessary and 

hit rate was improved 20 times.  

 
 Cannonball of anti-aircraft gun    Electronics of VT fuse   Experiment of shot down of aircraft 
 

The structure and circuit of the VT fuse is shown in the following figure2) 3). The transmitter is used 

as detector as the reflected radio wave and signal of 200 Hz is amplified and trigger a detonator using 

Thyratron. This has to stand large acceleration (about 10,000 G) and rotation caused by the cannon 

firing. Subminiature vacuum tube shown in the upper figure and its longitudinal direction is that of 

travel. Electrolyte for battery is in a glass bottle which is broken by the cannon firing, which is needed 

for prevent battery discharge and for safety during storage. Since the Battle of the Marianas in June 

1944, the VT fuse were equipped in all ships and 2,2 million VT fuse were produced during the second 

world war1). These were used only in the sea to prevent technology leak by unexploded ordnance, .   
 

  
 

   Structure      Circuit 

 

1 NHK 取材班編 : “太平洋戦争 日本の敗因 電子兵器 カミカゼを制す”, 角川文庫 (1995). 

2 貞重孝一 : 真空管時代のリーディングエッジ電子機器, 映像情報メディア学会誌, 55, 1 (2001) 70-

75. 

3 Circuit of VT fuse,  http://home.catv.ne.jp/ss/taihoh/vacuumtubes/radar/vtcirct.htm.  
          

  

http://home.catv.ne.jp/ss/taihoh/vacuumtubes/radar/vtcirct.htm
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15   From mercury rectifier and thyratron to power semiconductor 
 

           
Mercury rectifier  5H69      872A   4H72   2H66    Thyratron(power control) (5G69) 
 

 
 

     “Sendaitron” (Watanabe, Hatta, Kawai (1949)) 
 
 
GTO : Gate Turn-Off transistor,  IGBT : Insulated Gate Bipolar Transistor 

 
Application of power semiconductor categorized by  
power and frequency (Power semiconductor influencing the worlds (in Japanese)、J. of IEEJ (2008))  

Model 0 系 (1964~)  

ダイオード + 変圧器 
端子切り替え 

Model 300 (1992~) 
and Model 500 
GTO + PWM 
control 
electric power 
regeneration brake 
Model 700 (1998~) 
IGBT Inverter 
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16   Hobby (1) (Robot) 
 

   
       AIBO (Sony)       
 

   
    Mechanical doll (Karakuri ningyo) (Gakken) 

 

     
 

Small robot   MANOI (Kyosho)     
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17   Hobby (2) (Car, helicopter) 
 

    
4bit microcomputer (Gakken) and its application to     Radio controlled car (Kyence) 

caterpillar model car 
 

  
  Micro fling robot (Seiko Epson)       IR controlled helicopter (CCP) 

 

   
Radio controlled multicopter and helicopter (Keyence)        
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18   Automobile 
 

  
 (Engineering School campus east end) 

   
Model T Ford (1908-1927 15 million cars)  Model A Ford (1927-1931 4 million cars) 
 

      
   Peripheral of handle and pedals of Model T Ford 
 

 (Donated by Mr. Masami Tawara (Optoelectronics), Dec. 14, 2005)     
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19   Illumination and lighter 
 

   
40W incandescent lamp    40W equivalent fluorescent lamp(8W)  40W equivalent LED(4W) 

Current measurement  
 

     
 

 

 

 

 

 

 

 

 

     

 

 

[1] Donation by Emeritus Prof. Yakichi Higo of Tokyo Institute of Technology  

 Air defense incandescent lamp during 2nd 
world war [1] 

At the end stage of the world 2nd war Japan 

was bombed by US airplane. Dark lamp which 

illuminate only under the lamp was used for 

eating and study in order to prevent the light 

leakage during night. The lamp was made in 

Matsuda (Toshiba at present). It is 5W for 6-

10m2. 

Ignition of lighter and fuel [1] 

Lighter initiates from a flint and moxa. The 

moxa was used as an inflammable. The flint and a 

cord, the flint and petroleum, platinum black and 

ethyl alcohol (dangerous), flint and gas. spark by 

a battery and gas and recently piezoelectric 

device and gas have been used historically. 

The left lighter in the photo was made by Tanita 

in 1970s. This used the battery and the gas in an 

expensive Ti case. 

The right one in the photo is the flint and the 

cord. Case and chain are made of silver and this 

was produced before 1965. 
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20   Fountain pen 
 

 

  
① Mitsukoshi brand （around 1925） syringe and outer lever 

② Atena （Maruzen）（around 1925） syringe and outer lever 

③ Sheaffer （made in USA）（around 1930）syringe and outer lever 

④ Pilot （around 1960）syringe and inner lever 

⑤ Pelican （made in Germany） pump 

⑥ Montblanc （made in Germany ） pump 

⑦ Sheaffer （made in USA）syringe 

⑧ Parker （made in USA） A：syringe, B：cartridge pump, C：cartridge 

⑨ Parker （made in USA）suction by capillary force 

 

Ink is suctioned using a rubber syringe. The syringe is pushed by pulling up the side 

lever of the pen. The suction of the syringe is carried out when the side lever returns 

and syringe inflates（①，②, ③）. ④ has the lever inside the pen and the lever on the 

back plays the role. 

Later in Germany, the suction is made by a pump (⑤, ⑥). Pump is pushed when the 

bottom of the pen is twisted and it suctions the ink during returning. The pens are partly 

transparent and the ink motion can be observed. 

The Sheaffer （⑦） made in USA looks like a pump but the structure is the syringe. 

Bottom is pulled out to push the syringe and pushed back to suction the ink. 

⑧ is Parker made in USA. This is transition from the syringe type to the cartridge. 

model and 3 suction types can be used. ⑧A is the syringe type, ⑧B is the cartridge 

pump type and ⑧C is the cartridge type. 

⑨ is also Parker made in USA, but it use new suction by capillary force. This had a 

problem to reduce suction volume in long use and the pen shifted to the cartridge type.  
 
 
Donation by Emeritus Prof. Yakichi Higo of Tokyo Institute of Technology   
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21  Measurement gauge 

 

   
         Balance [1]  Hear hygrometer with thermometer [1]   Maximum minimum thermometer [1] 

          
Fare and rain meter (around 1925) [1]   Portable magnetic compass [1]    Pedometer (1930!’s USA) [1] 

The weather is visible in the left glass tube.  

The liquid inside crystalize depending on the weather. 

 

     
Proportional compass [1]       Planimeter (measurement of area) 

 
 

{1} Donation by Emeritus Prof. Yakichi Higo of Tokyo Institute of Technology 
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22   Clock 
 

     
Mechanical discharge lamp display clock driven by AC motor      Clock driven by electrical motor  

(1970 Tamura) [1]           (Tokyo clock) [1] 

 

        
Tuning fork clock (1974 Seiko) [1]          Tuning fork watch (1960 Bulova Accutron (Switzerland）[2] 

 

   
Graphic clock   Pendant quartz watch           Nixy tube clock  (with GPS) 

(1985 Citizen) [1]        (1979Sharp) [1]       (2015 年 Charonix Design Works) 

 

[1] Donation by Emeritus Prof. Yakichi Higo of Tokyo Institute of Technology 

[2] Donation by Mr.Yutaka Kojima in Kojundo Chemical Laboratory         
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23   Typewriter 

 

 
Portable typewriter (Before the second world war) [1] 

 (Prof. Shigeto Tsuru who was a president of Hitotsubashi Univ. used it in Harverd Univ..) 

 

 
 

Electrical typewriter (Corona) [1] (Prof. Shigeto Tsuru who was a president of Hitotsubashi Univ. used it.)  

 

[1] Donation by Emeritus Prof. Yakichi Higo of Tokyo Institute of Technology     
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24   Kiyota Manufacturing Co. – Contact probe – 
 

 

Evening 

Newspaper 

Fuji 

2013/1/29 

② 

Recording

stylus ① 

③ 

Spring probe 

④ 

⑤ 
Stacked probe 

4 point 

probe ② 

RF probe 

③ 

Probe for 

hybrid 

circuits ⑥ 
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G2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Kiyota Magfacturing Co. was closed on May 31, 2014 after 50 years operation. All employees and facilities were 

moved to its contract manufacturing company and “Kiyota probes” have been manufactured there. Kiyota’s 

technologies are expected to contribute for the future of electronics.         


