
Virtual Laboratory of 
Nuclear Fission 



Virtual Laboratory of Nuclear Fission 

The goal of the project is to include current scientific data into 
the educational process, to conduct virtual and online laboratory 
research based on using modern scientific equipment and data 
obtained from the existing physical facilities.  
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Software complex “Virtual Laboratory of 

Nuclear Fission” 

Interactive environment for nuclear experiment 

modeling (Setup Builder) 

Interactive web-version of the project Hardware complex “Virtual Laboratory of 

Nuclear Fission”  for student practices 

Virtual Laboratory of Nuclear Fission 



The project is comprised of  
three educational levels:  

Elementary level. A typical target group at this level are high 
school students, science teachers, undergraduate students and 
participants of summer practices. 
 
Basic level. The goal at this level is to study  various types of 
radiation detectors, nuclear electronics & DAQ systems and some 
important methods of experimental data processing. 
 
Advanced level. A typical target group at this level are students 
who plan to prepare their bachelor and master theses based on 
the measurements at the LISSA project. This level may be useful  
as a training before independent work as experimentalists in 
nuclear physics. 



Input knowledge  

Elementary level: high school physics 
 
Basic level: university course on general physics; 
section “Nuclear Physics” 
 
Advanced level: university courses “Quantum Physics” 
and “Nuclear Physics” 



Project content 

About: About Virtual Laboratory of Nuclear Fission 

Part 1: Some Concepts of Nuclear Physics 

Part 2: How to Measure Radioactivity 

Part 3: Theoretical Models of the Atomic Nucleus 

Part 4: How to Measure Nuclear Fission  

Part 5: Light Ions Spectrometer – Measurements  

Part 6: Light Ions Spectrometer – Data Analysis 

Part 7: Interactive Environment for Nuclear 

Experiment Modeling 



1. World of the Atom 

2. Atomic Nucleus 

3. Mass and Energy  

4. Fusion and Fission 

5. Radioactivity: 

     – Alpha Decay 

     – Beta  Decay 

     – Gamma Decay 

     – Spontaneous Fission 

6. Radioactive Decay Law 

7. Quiz 

8. Exercises 

Part 1: Some Concepts of Nuclear 
Physics 



1. Introduction 

2. Radioactive Sources 

3. Interaction of Radiation with 

Matter 

4. Radiation Detectors:  

     – Gas-Filled Detectors 

     – Scintillation Detectors 

     – PIN Diodes 

     – Detectors Based on      

     Microchannel Plates 

5. Measurement of 

Radioactivity  

6. Quiz 

7. Practicum 

Part 2: How to Measure Radioactivity 



1. Introduction 
2. Nuclear Models 
     – Liquid Drop Model 
     – Fermi Gas Model 
     – Shell Model 
     – Collective Model 
3. Quantum Mechanics in 
Nuclei 
4. Fission and Quantum 
Tunneling  
5. Basic Regularities of 
Spontaneous Fission  
6. Collinear Cluster Tri-
Partition (CCT) 
7. Quiz 
8. Exercises 

Part 3: Theoretical Models of the Atomic 
Nucleus 



1. Introduction 

2. Physics of Binary Fission 

3. Methods of Detection of 

Fission Fragments 

4. Energy Measurements of 

Fission Fragments from 

Californium-252 

5. Time Measurements of 

Fission Fragments 

6. Quiz 

7. Practicum 

Part 4: Nuclear Fission Experiment 



1. Physical Motivation 

2. LIS Setup 

3. Electronics of the LIS Setup 

4. Block Diagram and Data 

Acquisition System 

5. CAMAC Practicum 

6. PIN Diode Calibration  

7. Time of Flight Calibration 

Part 5: Light Ions Spectrometer – 
Measurements 



1. Introduction 

2. Data Viewer 

3. Preparation to Time 

Calibration 

4. Time Calibration 

5. Preparation to Energy 

Calibration 

6. Energy Calibration 

7. Mass Calculation 

Part 6: Light Ions Spectrometer – Data 
Analysis 



Theory 



Theory: Interactive Formulas 



Video Lectures 

Vusi Daid Malaza. Stellenbosch University, Faculty of Military Science, 
Military Academy, Saldanha, South Africa 



Quizzes 



Exercises 



Virtual Practicum 



Light Ions Spectrometer 



Light Ions Spectrometer 



Data Analysis 



Libraries of the Setup Builder 

Hardware-Software Complex 
“Interactive Environment for Nuclear 
Experiment Modeling” 



You can arrange your own setup 

Hardware-Software Complex 
“Interactive Environment for Nuclear 
Experiment Modeling” 



You can develop your own sources and equipment and integrate them 
into the Setup Bulider 

Hardware-Software Complex 
“Interactive Environment for Nuclear 
Experiment Modeling” 



 Lab exercises 

 

 

 

 
 

 Virtual labs 

 Live lectures 

 

 

 

 
 

 Real equipment 

 

Student Practices 



Student Practices 



1. Access through the 
Internet. 

2. You can control the 
educational process as 
a tutor. 

3. You can see the progress of 
passing the course as 
a student. 

4. You can communicate with 
peers and tutors. 

Web-version of the Project. Advantages 




