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Department of Nuclear Engineering

 원자핵공학이란?

 원자핵을 기원으로 하는 에너지와 입자를 활용하여 인간에게 편익을 주는
기술의 개발과 이용을 다루는 학문

 원자력시스템분야 핵공학개론 1

 핵분열에너지를 이용한 발전과 고온열 생산

 안전한 원자력발전소의 설계, 건설, 운영에 필요한 제반 기술

 핵융합•플라즈마분야 핵공학개론 2

 핵융합에너지를 이용한 발전과 플라즈마 활용

 디스플레이, 반도체 생산장비, 폐기물처리, 의료 장비 등

 방사선•아원자입자분야 핵공학개론 2

 방사선을 이용한 질병의 진단과 치료(X-ray, PET, MRI, BNCT)

 비파괴 검사 및 탐색, 개질(신소재 개발), 정밀 계측, 육종 등

 입자(전자, 양성자) 가속기, 중성자 발생장치 등
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History of Nuclear Engineering
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Nuclear system engineering

Boltzmann neutron transport equation

Navier-Stokes equation

 Reactor physics



5 Introduction to Nuclear Engineering, Fall 2020

Nuclear system engineering

 Thermo-hydrodynamics

자유표면

쓰나미전파3차원자유표면

탄성변형

자연대류

Hydrodynamic equations
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Fusion & plasma engineering

 Fusion plasma physics: Magneto-hydrodynamics or kinetics
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Fusion & plasma engineering

 Fusion reactor engineering
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Fusion & plasma engineering

 Plasma applications
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Radiation engineering

 Radiation biology and medical application
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Radiation engineering

 Radiation source and particle accelerator
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Radiation engineering

 Radiation detection and measurement

Neutron

𝛾𝛾-ray

𝝓𝝓20 hole

NE213 scintillation detector

8.2 m from 
magnetic axis 

 Linearity with conventional NFM Radiation shield

d-t neutrond-d neutron

Time (s)
 Neutron and gamma ray discrimination



12 Introduction to Nuclear Engineering, Fall 2020

Syllabus of Nuclear Engineering 2

 Radiation engineering
 Radiation and radioactivity
 Radiation interaction with matter
 Radiation source technology
 Detection and measurement of radiation
 Radiation dose and hazard assessment

 Plasma engineering
 Basic concepts of plasmas
 Plasma and sheath
 Plasma source technology
 Plasma applications and related issues

 Fusion engineering
 Fusion energy
 Various fusion concepts
 Tokamaks
 Issues in fusion nuclear technology
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Textbooks and references

 Radiation engineering
 J. Turner, Atoms, Radiation, and Radiation Detection, Wiley (2007)
 Arthur Beiser, Concepts of Modern Physics (6th ed.), Mc-Graw Hill (2003)
 A. Waltar, Radiation and Modern Life: Fulfilling Marie Curie’s Dream, Prometheus 

Books (2004)
 C. Grupen and M. Rodgers, Radioactivity and Radiation, Springer (2016)
 Arthur Beiser, Concepts of Modern Physics (6th ed.), Mc-Graw Hill (2003)
 N. Tsoulfanidid and S. Landsberger, Measurement and Detection of radiation, CRC 

Press (2015)

 Plasma engineering
 F. Chen, Introduction to Plasma Physics and Controlled Fusion, Springer (2016)

 Fusion engineering
 G. McCracken and P. Stott, Fusion: The Energy of the Universe, Elsevier (2005)
 F. Chen, An Indispensable Truth, Springer (2011)
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Curriculum

 원자력시스템공학

 핵융합·플라즈마공학

 방사선공학
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원자핵공학과 학문 세부 분야

교과목 원자로
시스템

원자로
물리

원자력
열수력

시스템
안전

핵연료 및
핵재료

시스템
계측·제어 핵주기 방사선

방호
방사선
계측·기기

입자
가속기

방사선
이용

핵융합
플라즈마
물리

핵융합로
시스템

산업
플라즈마 핵통제 원자력

정책

1-1 컴퓨터의개념및실습 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
신입생세미나

1-2 원자핵공학의미래

2-1

공학수학1 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
공학물리기초 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
핵공학개론1 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

핵공학기초실험*

2-2

공학수학2 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
핵공학현대물리 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
핵공학개론2 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

플라즈마전자역학1
시스템공학수력학

3-1

원자로이론
플라즈마기초
방사선공학

플라즈마전자역학2
에너지물리화학

원자로열유체실험*

3-2

원자핵공학세미나1
수치해석기초
원자력재료기초

원자로동역학및제어
핵융합플라즈마실험*

핵융합기초
열역학및원자력시스템
방사선산업및의학응용

4-1

학사논문연구1
원자로물리실험*
핵부품소재설계
원자로안전공학

원자력시스템실습*
확률론적안전해석
원자력시스템실습

응용핵물리
방사선의과학기초
산업플라즈마공학
원자력법과사회

4-2

학사논문연구2
원자로수치해석과설계
확률론적안전해석

핵계측
에너지정책및경제
공학지식의실무응용
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Classification of radiation

 Radiation: transportation of mass and energy through space
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Directly and Indirectly Ionizing Radiation

 Directly Ionizing Radiation: Comprises charged particles (electrons, protons, α-
particles, heavy ions) that deposit energy in the absorber through a direct one-
step process involving Coulomb interactions between the directly ionizing 
charged particle and orbital electrons of the atoms in the absorber.

 Indirectly Ionizing Radiation: Comprises neutral particles (photons such as x-
rays and γ-rays, neutrons) that deposit energy in the absorber through a two-
step process as follows:
 In the first step a charged particle is released in the absorber (photons 

release either electrons or electron/positron pairs, neutrons release protons 
or heavier ions).

 In the second step, the released charged particles deposit energy to the 
absorber through direct Coulomb interactions with orbital electrons of the 
atoms in the absorber.
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Photons

 A photon is regarded as a quantum of excitation in the underlying 
electromagnetic field.

𝐸𝐸 = ℎ𝜈𝜈 =
ℎ𝑐𝑐
𝜆𝜆

1 eV ~ 1,240 nm𝑝𝑝 =
ℎ𝜈𝜈
𝑐𝑐

=
ℎ
𝜆𝜆
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Low LET and High LET Radiation

 The ionization density produced by ionizing radiation in tissue depends on the 
linear energy transfer (LET) of the ionizing radiation beam.

 The LET is defined as the mean amount of energy that a given ionizing radiation 
imparts to absorbing medium (such as tissue) per unit path length and is used in 
radiobiology and radiation protection to specify the quality of an ionizing radiation 
beam.

 The LET is measured in keV/μm with 10 keV/μm separating the low LET 
(sparsely ionizing) radiation from the high LET (densely ionizing) radiation.



20 Introduction to Nuclear Engineering, Fall 2020

Chadwick’s paper (Nature, 1932)
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Chadwick’s paper (Nature, 1932)

4
9𝐵𝐵𝐵𝐵 + 𝛼𝛼 → 6

12𝐶𝐶 + 𝑛𝑛
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The Sun’s energy
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What is a plasma?

 A Plasma is quasi-neutral gas of charged and neutral particles which exhibits 
collective behavior. (Francis F. Chen)

 Plasma is a gas in which a certain portion of the particles are ionized. (Wikipedia)

Heat / Energy

0°C 100°C ?°C
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Semiconductor manufacturing
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