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Development of Formosa Integrated Research Spherical 
Tokamak (FIRST), the first Tokamak in Taiwan

ො𝒛

Rgeo

Rmax

Rmin

a

b

3.4 m

1.66 m

2.8 m

1.75 m

• Rgeo = 45 cm

• a = 32 cm

• b = 76.8 cm

• T ~ 100 eV

• BT ~ 0.1 - 0.5 T

• Ip ~ 100 kA

• Ohmic heating

• Gas: H2

• Duration: 100 ms
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• First plasma: 2026.



Temperature of 100 eV is the threshold of radiation 
barrier by impurities

5H. Lux, etc., Fusion Eng. Des. 42, 101 (2015)
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Teams

• 馬維揚團隊 @ 國家原子能科技研究院

                               - Site

• 張博宇團隊        @ 成功大學太空與電漿科學研究所

                               - System design and development/diagnostics

• 向克強團隊 @ 成功大學前瞻電漿中心
                          - Theoretical design

• 河森榮一郎團隊 @ 成功大學太空與電漿科學研究所

                               - Diagnostics

• 柳克強團隊 @ 清華大學工程與系統科學系
                          - Diagnostics

• 蔡宗哲團隊 @ 國家高速網路與計算中心

                              - Simulation

• 張存續團隊 @ 清華大學物理系

                              - RF startup
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• We welcome anyone interested in fusion research to join us!



The system will be built in National Atomic Research 
Institute (NARI, 國家原子能科技研究院) at 龍潭

7

NARI

https://www.sipa.gov.tw/home.jsp?mserno=201001210037&serno=201001210041&menud

ata=ChineseMenu&contlink=content/introduction_4_1.jsp&serno3=201002010023

https://www.nari.org.tw/newsdetail/activity/353.html



• R/a/b=45/32/76.8 cm

• Aspect ratio = R/a = 1.5

• k = b/a = 2.4

• 𝜹 = 0.5

• BT = 0.1 ~ 0.5 T

• T ≥ 100 eV

• Ip ≥ 100 kA

• Gas: H2

• Ohmic heating

• Duration: 100 ms

Formosa Integrated Research Spherical Tokamak (FIRST) 
aiming for the first plasma in 2026
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• We welcome anyone interested in fusion research to join us! 

• FIRST is targeted for 

• Low aspect ratio

• High beta

• High bootstrap 

current 
Rmin Rmax

Rtop

Rgeo

δR

a

𝜹 ≡
𝛅𝑹

𝒂
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Alpha-E provided by Alpha Ring will be used to 
demonstrate the proton-boron nuclear fusion

10

https://alpharing.com/alpha-e/

Allan Xi Chen, etc., Physics Open 21, 100234(2024)



Alpha-E provided by Alpha Ring will be used to 
demonstrate the proton-boron nuclear fusion

11Allan Xi Chen, etc., Physics Open 21, 100234(2024)
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Microwave frequency is determined for those used in 
communications and radar purposes

13



Microwave / Radio-frequency (RF) wave can be 
generated using solid-state devise

14

S. Horikoshi and N. Serpone, RF Power semiconductor generator application in heating 

and energy utilization, Springer



Internal of a magnetron

15https://kids.britannica.com/students/article/electron-tube/106024/media?assemblyId=137
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Internal of a magnetron

16https://kids.britannica.com/students/article/electron-tube/106024/media?assemblyId=137
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Magnetron is a forced oscillation driven by electrons 
between the gap

17http://hyperphysics.phy-astr.gsu.edu/hbase/Waves/magnetron.html



Strong oscillation occurs when the electron cyclotron 
frequency match the LC oscillation frequency

18

𝝎 =
𝟏

𝑳𝑪

I

I

I

I

𝝎𝐂𝐄 =
𝒆𝑩

𝒎𝒄

𝝎𝐂𝐄 = 𝝎Resonance condition:



Resonance in a magnetron

19

http://cdn.preterhuman.net/texts/government_information/intelligence_and_espionage/homebrew.milit

ary.and.espionage.electronics/servv89pn0aj.sn.sourcedns.com/_gbpprorg/mil/herf1/index.html



Magnetron schematic diagram
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http://cdn.preterhuman.net/texts/government_information/intelligence_and_espionage/homebrew.milit

ary.and.espionage.electronics/servv89pn0aj.sn.sourcedns.com/_gbpprorg/mil/herf1/index.html



Magnetron schematic diagram
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http://cdn.preterhuman.net/texts/government_information/intelligence_and_espionage/homebrew.milit

ary.and.espionage.electronics/servv89pn0aj.sn.sourcedns.com/_gbpprorg/mil/herf1/index.html



Magnetron schematic diagram
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Microwave is 

generated.

http://cdn.preterhuman.net/texts/government_information/intelligence_and_espionage/homebrew.milit

ary.and.espionage.electronics/servv89pn0aj.sn.sourcedns.com/_gbpprorg/mil/herf1/index.html



The electrode of the microwave source is located at the 
location with the highest electric field

23

V. Surducan, etc., AIP Conference Proceedings 1425, 89 (2012)

Dan Ye, etc., AIP Advances 10, 055002 (2020



A 3-port circulator combining with a dump can be used 
as a isolator

24

https://cn.comsol.com/model/impedance-matching-of-a-lossy-ferrite-3-port-circulator-10302

https://doc.comsol.com/6.0/doc/com.comsol.help.models.rf.circulator/circulator.html

https://ferriteinc.com/high-power-microwave-circulators-isolators/wr340-waveguide-s-band/

Water load as a dump.



Electron cyclotron resonance (ECR) microwave 
systems

microwave systems

25
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Strong absorption occurs when the frequency matches 
the electron cyclotron frequency

• Electron cyclotron resonance (ECR) plasma reactor

27



Electron cyclotron frequency depends on magnetic field 
only

28

• Assuming                   and the 

electron oscillates in x-y plane
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Electrons keep getting accelerated when a electric field 
rotates in electron’s gyrofrequency

29
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Electric field in a circular polarized electromagnetic 
wave keeps rotating as the wave propagates 

30

• Right-handed polarization • Left-handed polarization

https://en.wikipedia.org/wiki/Circular_polarization



Electric field rotates in a circular polarization

31
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A linear polarized wave can be decomposed by a left-
handed and a right-handed polarized wave

32

• Right-handed polarization • Left-handed polarization

https://en.wikipedia.org/wiki/Circular_polarization
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Only right-handed polarization can resonance with 
electron’s gyromotion

33



Strong absorption occurs when the frequency matches 
the electron cyclotron frequency

• Electron cyclotron resonance (ECR) plasma reactor

34
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Two nuclear fusion reactions will be observed in 
experiments

36

• Remote experiment:

    D + D    →        T (1.01 MeV) + p (3.02 MeV)

               (50 %)

                  →     He3 (0.82 MeV) + n (2.45 MeV)

               (50 %)

• Local experiment:

     

     p + B11 →     3He4   (8.7 MeV)



Monoenergetic particles will be generated in D-D fusion

37

D + D    →        T (1.01 MeV) + p (3.02 MeV)

          (50 %)

             →     He3 (0.82 MeV) + n (2.45 MeV)

          (50 %)

p
T

He3



Alphas with wide spectrum will be generated

38

p + 11B → 12C* → α0 + 8Be (8.586 MeV)

→ α0 + α01 + α02

→ 12C* → α1 + 8Be* (5.65 MeV)

→ α1 + α12 + α12 (3.028 MeV)

p + 11B → 12C* → α2 + α3 + α4

H. W. Becker, etc, Z. Phys. A – Atomic Nuclei 327, 341 (1987)

Jiarui Liu, etc., Nucl. Instr. And Meth. B 190, 107 (2002)

F. A. Geser and M. Valente, Radiat. Phys. Chem 167, 108224 (2020)

RBS: Rutherford 

backscattering 

spectrometry
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A filter is used to block the photon so that the detector 
only sees alphas

40

(Al) filter

https://www.quarktwin.com/blogs/diode/the-working-principle-and-applications-of-photodiodes/125

Allan Xi Chen, etc., Physics Open 21, 100234(2024)

Incident photons/particles



Energetic charged particles losses most of its energy 
right before it stops

41http://www.kip.uni-heidelberg.de/~coulon/Lectures/DetectorsSoSe10/
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A particle loses most of its energy right before it stops

42http://www.shi.co.jp/quantum/eng/product/proton/proton.html

Bragg peak



There are two suggested website for getting the 
information of proton stopping power in different materials

43

http://www.nist.gov/pml/data/star/ http://www.srim.org/



The thickness of a filter can be decided from the range 
data from NIST website 

44

𝒅𝑬

𝒅𝒙
= 𝒇 𝑬 ⇒  𝒙 = න

𝑬𝒊

𝑬𝒇

𝐝𝐄

𝒇 𝑬



Proton therapy takes the advantage of using Bragg peak 

45http://www.shi.co.jp/quantum/eng/product/proton/proton.html



Alpha particles loss energies when passing through the 
(Al) filter

46

(Al) filter

• A filter is used to block the photon so that the detector only sees alphas.

• Alphas in p-11B, which are mostly in the range of 3–5 MeV, would be 

attenuated by ~130–180 keV in 0.8 μm of Al.

Allan Xi Chen, etc., Physics Open 21, 100234(2024)
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A pulse signal is converted to a voltage signal using an 
integrator

48

https://www.quarktwin.com/blogs/diode/the-working-principle-and-applications-of-photodiodes/125

Allan Xi Chen, etc., J. Nucl. Eng. 6, 15 (2025)

Incident photons/particles

• The 5-pF capacitor is charged by the current from the PIN detector.

• The 5-pF capacitor is discharged by the 20-MΩ resistor.

≈Area

Height

~𝐞 Τ−𝒕 𝝉 𝝉 = 𝑹𝑪

AmplifierIntegrator

𝑪

𝑹



Pulse Shaping is commonly used in nuclear and 
particle physics electronics

49H. Spieler, AIP Conf. Proc. 674, 76 (2003)

• Improve Signal-to-noise ratio S/N 

- Restrict bandwidth to match 

measurement time.

     => Increase pulse width.

• Improve pulse-pair resolution

     => Decrease pulse width.



Expected data profile

50Allan Xi Chen, etc., Physics Open 21, 100234(2024)



CR-RCn pulse shaping combines a high-pass filter and 
n low-pass filter

51

Lecture Notes - VII. Heidelberger Graduate Lectures in Physics by H. Spieler (2001)

https://www-physics.lbl.gov/%7Espieler/Heidelberg_Notes_2001/index.html



Pulses become gaussian-like after multiple integrators

52

• Integrating with the same time 

constant 𝝉
• Integrating with the reduced  

time constant
𝝉𝐧 =

𝝉𝐧−𝟏

𝒏
 

𝑻𝐩 = 𝒏𝝉



CR is the high pass filter while RC is the low pass filter

53
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CR is the high pass filter while RC is the low pass filter

54
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• CR circuit: • RC circuit:

𝝉𝐇 = 𝑹𝐇𝑪𝐇
𝝉𝐋 = 𝑹𝐋𝑪𝐋

𝑽𝐢 − 𝑽𝐜 − 𝑽𝐨 = 𝟎 𝑽𝐨 = 𝒊𝑹𝐇

𝑽𝐜 =
𝟏

𝑪𝐇
න𝒊𝒅𝒕 =

𝟏

𝑪𝐇
න

𝑽𝒐

𝑹𝐇
𝒅𝒕

ሶ𝑽𝐢 =
𝑽𝐨

𝝉𝐇
+ ሶ𝑽𝐨

𝑽𝒐 𝒕 = 𝒆 Τ−𝒕 𝝉𝐇 න
𝟎

𝒕

ሶ𝑽𝐢 𝒕′ 𝒆 Τ𝒕′ 𝝉𝐇𝒅𝒕′

𝑽𝐢 − 𝑽𝐑 − 𝑽𝐨 = 𝟎 𝒊 = 𝑪𝐋
ሶ𝑽𝐨

𝑽𝐑 = 𝒊𝑹𝐋 = 𝑹𝐋𝑪𝐋
ሶ𝑽𝐨

𝑽𝐢 = 𝝉𝐋
ሶ𝑽𝐨 + 𝑽𝐨

𝑽𝐨 𝒕 = 𝒆 Τ−𝒕 𝝉𝐋
𝟏

𝝉𝐋
න

𝟎

𝒕

𝑽𝐢 𝒕′ 𝒆 Τ𝒕′ 𝝉𝐋𝒅𝒕′



A step function becomes an exponential decay after the 
high-pass filter

55

Vi VO

CH

RH

• CR circuit:

𝝉𝐇 = 𝑹𝐇𝑪𝐇

𝑽𝐨 𝒕 = 𝒆 Τ−𝒕 𝝉𝐇 න
𝟎

𝒕

ሶ𝑽𝐢 𝒕′ 𝒆 Τ𝒕′ 𝝉𝐇𝒅𝒕′

𝑽𝐢 𝒕 = ቊ
𝟎 𝒕 < 𝟎

𝑽𝐢𝟎 𝒕 ≥ 𝟎

ሶ𝑽𝐢 𝒕 = 𝑽𝐢𝟎𝜹 𝒕

𝑽𝐨 𝒕 = 𝒆 Τ−𝒕 𝝉𝐇 න
𝟎

𝒕

𝑽𝐢𝟎𝜹 𝒕′ 𝒆 Τ𝒕′ 𝝉𝐇𝒅𝒕′

= 𝑽𝐢𝟎𝒆 Τ−𝒕 𝝉𝐇 ቚ𝒆 Τ𝒕′ 𝝉𝐇

𝒕′=𝟎
= 𝑽𝐢𝟎𝒆 Τ−𝒕 𝝉𝐇

𝑽𝐢𝟎 𝑽𝐢𝟎



CR is the high pass filter while RC is the low pass filter
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VI VO

RH

CH

• RC circuit:

𝝉𝐋 = 𝑹𝐋𝑪𝐋

𝑽𝐨 𝒕 = 𝒆 Τ−𝒕 𝝉𝐋
𝟏

𝝉𝐋
න

𝟎

𝒕

𝑽𝐢 𝒕′ 𝒆 Τ𝒕′ 𝝉𝐋𝒅𝒕′

𝑽𝐢 𝒕 = 𝑽𝐢𝟎𝒆 Τ−𝒕 𝝉𝐇

𝑽𝐨 𝒕 ~
𝟏

𝝉𝐋
න

𝟎

𝒕

𝑽𝐢 𝒕′ 𝒅𝒕′ =
𝟏

𝝉𝐋
න

𝟎

𝒕

𝑽𝐢𝟎𝒆 Τ−𝒕′ 𝝉𝐇𝒅𝒕′

𝐅𝐨𝐫 𝒕 ≪ 𝝉𝑳 𝒆 Τ−𝒕 𝝉𝐋~𝒆 Τ𝒕 𝝉𝐋~𝟏

=
𝝉𝐇

𝝉𝐋
𝑽𝐢𝟎 𝟏 − 𝒆 Τ−𝒕 𝝉𝐇

𝑽𝐨 𝒕 = 𝒆 Τ−𝒕 𝝉𝐋
𝟏

𝝉𝐋
න

𝟎

𝒕

𝑽𝐢𝟎𝒆 Τ−𝒕′ 𝝉𝐇𝒆 Τ𝒕′ 𝝉𝐋𝒅𝒕′

= 𝒆 Τ−𝒕 𝝉𝐋
𝟏

𝝉𝐋
න

𝟎

𝒕

𝑽𝐢𝟎𝒆 Τ𝒕′ 𝝉𝐞𝐟𝐟𝒅𝒕′

𝟏

𝝉𝐞𝐟𝐟
=

𝟏

𝝉𝐋
−

𝟏

𝝉𝐇
<

𝟏

𝝉𝐋

= 𝒆 Τ−𝒕 𝝉𝐋
𝝉𝐞𝐟𝐟

𝝉𝐋
𝑽𝐢𝟎 𝒆 Τ𝒕 𝝉𝐇 − 𝟏



CR-RCn pulse shaping combines a high-pass filter and 
n low-pass filter

57

Lecture Notes - VII. Heidelberger Graduate Lectures in Physics by H. Spieler (2001)

https://www-physics.lbl.gov/%7Espieler/Heidelberg_Notes_2001/index.html



Finite difference method is used to numerically 
applying the CR-RC pulse shaping
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Vi VO

CH

RH

VI VO

RH

CH

• CR circuit: • RC circuit:

𝝉𝐇 = 𝑹𝐇𝑪𝐇
𝝉𝐋 = 𝑹𝐋𝑪𝐋

ሶ𝑽𝐢 =
𝑽𝐨

𝝉𝐇
+ ሶ𝑽𝐨

𝑽𝐢 = 𝝉𝐋
ሶ𝑽𝐨 + 𝑽𝐨

𝑽𝐢 𝒕𝐣 − 𝑽𝐢 𝒕𝐣−𝟏

𝜟𝒕
≈

𝑽𝐨 𝒕𝐣−𝟏

𝝉𝐇
+

𝑽𝐨 𝒕𝐣 − 𝑽𝐨 𝒕𝐣−𝟏

𝜟𝒕

≈
𝑽𝐨 𝒕𝐣

𝝉𝐇
+

𝑽𝐨 𝒕𝐣 − 𝑽𝐨 𝒕𝐣−𝟏

𝜟𝒕

𝑽𝐨 𝒕𝐣 = 𝜶𝐂𝐑𝑽𝐨 𝒕𝐣−𝟏 + 𝜶𝐂𝐑 𝑽𝐢 𝒕𝐣 − 𝑽𝐢 𝒕𝐣−𝟏

𝜶𝐂𝐑 ≡

𝝉𝐇
𝜟𝒕

𝝉𝐇
𝜟𝒕 + 𝟏

=

𝑹𝐇𝑪𝐇
𝜟𝒕

𝑹𝐇𝑪𝐇
𝜟𝒕 + 𝟏

𝒕𝐣
time𝒕𝐣+𝟏𝒕𝐣−𝟏

𝒅𝑽

𝒅𝒕
= lim

𝜟𝒕→𝟎

𝑽 𝒕𝐣 − 𝑽 𝒕𝐣−𝟏

𝜟𝒕

≈
𝑽 𝒕𝐣 − 𝑽 𝒕𝐣−𝟏

𝜟𝒕



Finite difference method is used to numerically 
applying the CR-RC pulse shaping

59

Vi VO

CH

RH

VI VO

RH

CH

• CR circuit: • RC circuit:

𝝉𝐇 = 𝑹𝐇𝑪𝐇
𝝉𝐋 = 𝑹𝐋𝑪𝐋

ሶ𝑽𝐢 =
𝑽𝐨

𝝉𝐇
+ ሶ𝑽𝐨

𝑽𝐢 = 𝝉𝐋
ሶ𝑽𝐨 + 𝑽𝐨

𝑽𝐢 𝒕𝐣 ≈ 𝝉𝐋

𝑽𝐨 𝒕𝐣 − 𝑽𝐨 𝒕𝐣−𝟏

𝜟𝒕
+ 𝑽𝐨 𝒕𝐣−𝟏

𝑽𝐨 𝒕𝐣 = 𝟏 − 𝜶𝐑𝐂 𝑽𝐨 𝒕𝐣−𝟏 + 𝜶𝐑𝐂𝑽𝐢 𝒕𝐣

𝜶𝐑𝐂 ≡
𝟏

𝝉𝐋
𝜟𝒕 + 𝟏

=
𝟏

𝑹𝐋𝑪𝐋
𝜟𝒕 + 𝟏

𝒕𝐣
time𝒕𝐣+𝟏𝒕𝐣−𝟏

≈ 𝝉𝐋

𝑽𝐨 𝒕𝐣 − 𝑽𝐨 𝒕𝐣−𝟏

𝜟𝒕
+ 𝑽𝐨 𝒕𝐣



Iteration can be used to have more orders of CR-RCn 
pulse shaping

60

V1 V2 V3 Vn+1

CR RCn

1 → 2 2 → 3 → 4 → … → n+1

…

𝑽𝟐 𝒕𝐣 = 𝜶𝐂𝐑𝑽𝟐 𝒕𝐣−𝟏 + 𝜶𝐂𝐑 𝑽𝟏 𝒕𝐣 − 𝑽𝟏 𝒕𝐣−𝟏 𝜶𝐂𝐑 ≡

𝝉𝐇
𝜟𝒕

𝝉𝐇
𝜟𝒕 + 𝟏

=

𝑹𝐇𝑪𝐇
𝜟𝒕

𝑹𝐇𝑪𝐇
𝜟𝒕 + 𝟏

𝑽𝟑 𝒕𝐣 = 𝟏 − 𝜶𝐑𝐂,𝟑 𝑽𝟑 𝒕𝐣−𝟏 + 𝜶𝐑𝐂,𝟑𝑽𝟐 𝒕𝐣

𝑽𝐦 𝒕𝐣 = 𝟏 − 𝜶𝐑𝐂,𝐦 𝑽𝐦 𝒕𝐣−𝟏 + 𝜶𝐑𝐂,𝐦𝑽𝐦−𝟏 𝒕𝐣

𝜶𝐑𝐂,𝐦 ≡
𝟏

𝝉𝐋,𝐦

𝜟𝒕 + 𝟏

𝑽𝐧+𝟏 𝒕𝐣 = 𝟏 − 𝜶𝐑𝐂,𝐧+𝟏 𝑽𝐧+𝟏 𝒕𝐣−𝟏 + 𝜶𝐑𝐂,𝐧+𝟏𝑽𝐧 𝒕𝐣
…

…
𝝉𝐋,𝐦 =

𝝉𝐋,𝐦−𝟏

𝐦
 

𝝉𝐋 = 𝑹𝐋𝑪𝐋



Let’s try using excel first
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𝜶𝐂𝐑 ≡ 𝟎. 𝟖𝟓

𝜶𝐑𝐂,𝟐 ≡ 𝟎. 𝟏𝟓

𝑽𝟐 𝒕𝐣 = 𝜶𝐂𝐑𝑽𝟐 𝒕𝐣−𝟏 + 𝜶𝐂𝐑 𝑽𝟏 𝒕𝐣 − 𝑽𝟏 𝒕𝐣−𝟏

𝑽𝟑 𝒕𝐣 = 𝟏 − 𝜶𝐑𝐂,𝟑 𝑽𝟑 𝒕𝐣−𝟏 + 𝜶𝐑𝐂,𝟑𝑽𝟐 𝒕𝐣

𝑽𝐦 𝒕𝐣 = 𝟏 − 𝜶𝐑𝐂,𝐦 𝑽𝐦 𝒕𝐣−𝟏 + 𝜶𝐑𝐂,𝐦𝑽𝐦−𝟏 𝒕𝐣

𝑽𝐧+𝟏 𝒕𝐣 = 𝟏 − 𝜶𝐑𝐂,𝐧+𝟏 𝑽𝐧+𝟏 𝒕𝐣−𝟏 + 𝜶𝐑𝐂,𝐧+𝟏𝑽𝐧 𝒕𝐣

𝜶𝐂𝐑 ≡

𝝉𝐇
𝜟𝒕

𝝉𝐇
𝜟𝒕 + 𝟏

= 𝟎. 𝟖𝟓

𝜶𝐑𝐂,𝐦 ≡
𝟏

𝝉𝐋,𝐦

𝜟𝒕 + 𝟏
= 𝟎. 𝟏𝟓

𝝉𝐧 =
𝝉𝐧−𝟏

𝒏
 

𝝉𝐋,𝐦

𝜟𝒕
=

𝟎. 𝟖𝟓

𝟎. 𝟏𝟓

𝜶𝐑𝐂,𝐦 ≡
𝟏

𝟎. 𝟖𝟓
𝟎. 𝟏𝟓

𝟏
𝒎 + 𝟏

𝜟𝒕 = 𝟔𝟒 𝐧𝐬

𝝉𝐋,𝐦 = 𝟑𝟔𝟐. 𝟕/𝒎 𝐧𝐬

𝝉𝐇 = 𝟑𝟔𝟐. 𝟕 𝐧𝐬



Let’s try using excel first
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𝜶𝐂𝐑 ≡ 𝟎. 𝟖𝟓

 

 

 

 

 

 

 

                   

  
  

   
  

   
  

  

         

              

 

 

 

 

 

 

 

                   

  
  

   
  

   
  

  

         

              

                

𝜶𝐑𝐂,𝐦 ≡
𝟏

𝟎. 𝟖𝟓
𝟎. 𝟏𝟓

𝟏
𝒎 + 𝟏

𝜶𝐑𝐂,𝟐 ≡ 𝟎. 𝟏𝟓

𝜟𝒕 = 𝟔𝟒 𝐧𝐬

𝝉𝐋,𝐦 = 𝟑𝟔𝟐. 𝟕/𝒎 𝐧𝐬

𝝉𝐇 = 𝟑𝟔𝟐. 𝟕 𝐧𝐬



When the pulse is not sharp enough, no significant 
gaussian feature is observed
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𝜶𝐂𝐑 ≡ 𝟎. 𝟖𝟓

   

   

   

   

   

   

   

   

   

   

   
                

  
   

  
   

  

         

  

    

    

    

    

 

   

   

   

   

 

                

  
  

   
  

   
  

  

         

           

𝜶𝐑𝐂,𝐦 ≡
𝟏

𝟎. 𝟖𝟓
𝟎. 𝟏𝟓

𝟏
𝒎 + 𝟏

𝜟𝒕 = 𝟔𝟒 𝐧𝐬

𝝉𝐋,𝐦 = 𝟑𝟔𝟐. 𝟕/𝒎 𝐧𝐬

𝝉𝐇 = 𝟑𝟔𝟐. 𝟕 𝐧𝐬

• What’s the source?



Let’s try using python
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• You may install: IDLE / Visual Studio / Anaconda 



Let’s try using python

65

𝑽𝟐 𝒕𝐣 = 𝜶𝐂𝐑𝑽𝟐 𝒕𝐣−𝟏 + 𝜶𝐂𝐑 𝑽𝟏 𝒕𝐣 − 𝑽𝟏 𝒕𝐣−𝟏

𝑽𝐦 𝒕𝐣 = 𝟏 − 𝜶𝐑𝐂,𝐦 𝑽𝐦 𝒕𝐣−𝟏 + 𝜶𝐑𝐂,𝐦𝑽𝐦−𝟏 𝒕𝐣
𝝉𝐧 =

𝝉𝐧−𝟏

𝒏
 

𝝉𝐋,𝐦

𝜟𝒕
=

𝟎. 𝟖𝟓

𝟎. 𝟏𝟓 𝜶𝐑𝐂,𝐦 ≡
𝟏

𝟎. 𝟖𝟓
𝟎. 𝟏𝟓

𝟏
𝒎 + 𝟏



Course Outline

• Formosa Integrated Research Spherical Tokamak (FIRST), the first 

Tokamak in Taiwan

• Physics used in Alpha-E

– Microwave

– ECRH

– Spectrum of fusion products

– Stopping power of the filter

– Data analysis using Pulse Shaping 

• Final report

66



Final presentation

67

1. 實驗設備之原理。
2. 被分配的實驗項目的原理。
3. 數據分析原理說明。
4. 數據分析結果。
5. 討論。

若週四實驗課缺課，則報告為0分。



We will visit Alpha Ring’s laboratory located in Shalun

68

• Alpha Ring @ Shalun

• Meet at Tainan Station at 12:40.

• Train 373, departing at 12:55. 

• Walk to Alpha Ring arriving at 13:40.
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