
Course Structure
Laboratory
Students spend nominally three hours per week in lab 

for 13 weeks.

The class is broken into working groups of six or seven 

students each.  (There is one experimental setup, so 

groups come in at separate times.)

A graduate teaching assistant oversees the set-up and 

operation of apparati.

All students participate in data acquisition. Data 

reduction is done both as a group and individually.

Each student submits a written report for each lab. For 

three of the labs, students must find and report on at 

least three journal articles related to the lab topic.

Lecture
Lecture meets two hours per week. The main emphasis 

is on concepts underlying phenomena and techniques 

studied in lab.

Homework is assigned in lecture, and a midterm and 

final exam are administered.

Grading
Laboratory reports – 30%

Midterm and Final – 30% each

Homework – 10%

Experiments Using an 

MeV Accelerator

Rutherford backscattering analysis
Acquaints the student with the Rutherford scattering 

cross section, the application of elastic nuclear 

scattering to materials analysis, and target preparation 

techniques

Specific objectives:

• Fabricate thin samples on light substrate 

using evaporation

• Determine thicknesses of thin samples

• Investigate energy dependence of cross

section and kinematic factor

• Investigate angular dependence of cross 

section and kinematic factor

Particle-induced x-ray emission 

analysis
Introduces the student to x-ray production processes in 

materials by MeV ions, and applications

Specific objectives:

• Calibrate detector

• Identify unknown target materials

• Determine thicknesses of thin samples

Nuclear reaction analysis
Introduces the student to particle-induced nuclear 

reactions such as 11B(p,α)8Be, underlying principles, 

and applications

Specific objectives:

• Measure thicknesses of samples

• Investigate energy dependence of cross 

section
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Experiments Using 

Radioactive Sources

Gamma-ray spectroscopy using a 

NaI(Tl) detector
Familiarizes the student with the basic concepts of 

scintillation spectroscopy, gamma decay, and gamma-

ray interaction with matter

Specific objectives:

• Calibrate NaI(Tl) detector using known sources

• Identify unknown sources

• Identify typical spectral features

• Measure detector resolution

• Measure source activity

• Measure mass absorption coefficient for lead

Gamma-ray spectroscopy using a 

HpGe detector
Further familiarizes the student with gamma ray 

processes while showcasing the superior resolution of 

this type of detector compared to NaI(Tl)

Specific objectives:

• Calibrate detector

• Measure detector resolution

• Measure efficiency vs. energy

• Measure activity of unknown source

• Measure complex spectrum

X-ray fluorescence
Introduces the student to x-ray production processes 

from radioactive decay, and x-ray fluorescence 

spectroscopy

Specific objectives:

• Calibrate detector

• Identify unknown samples

Energy loss of alpha particles in 

matter
Introduces the student to solid state surface barrier 

detectors, alpha particle emission in radioactive decay, 

and the interaction of alpha particles with matter

Specific objectives:

• Calibrate detector

• Measure thicknesses of different films

• Study straggling vs. energy loss

• Compare measured energy loss in films of

known thickness with calculated values

Annihilation radiation coincidence 

studies with 22Na
Introduces the student to basic coincident measurement 

techniques using two NaI(Tl) detectors to measure 

coincident gamma photons from e+-e‒ annihilation

Specific objective:

• Measure angular correlation of annihilation

radiation

Neutron activation analysis
Introduces the student to neutron-induced nuclear 

reactions and applications

Specific objective:

• Determine neutron flux from a PuBe source

Introduction
The Department of Physics at the University of  North 

Texas (UNT) periodically offers an upper level elective 

undergraduate laboratory course covering a variety of 

topics related to nuclear and atomic physics.  

Laboratory exercises explore subjects ranging from 

gamma, x-ray, and alpha-particle spectroscopy to 

Rutherford scattering, particle-induced x-ray emission, 

and nuclear reactions.  A lecture component 

complements the laboratory exercises by addressing 

pertinent theoretical material.  The course exploits the 

advanced facilities and capabilities available in the 

Department’s  Ion Beam Modification and Analysis 

Laboratory (IBMAL), including a 2.5 MV Van de 

Graaff accelerator and an array of detectors, radioactive 

sources, and nuclear electronics.  

Notes
The course is offered at most every other year, and is 

typically populated by about 14 students.  This is in a 

physics program with approximately 80 undergraduate 

majors.   

Most of the experiments are based on laboratory 

exercises developed by Prof. Jerome Duggan.

A laboratory manual describing the experiments 

utilizing radioactive sources is available online at 

www.ortec-online.com → Library →Application Notes 

→ Application Note AN34.

Several of the experiments are spread out over two or 

three weeks.

All the radioactive sources utilized in the labs are 

exempt, with the exception of the PuBe source, which is 

handled by the instructor.

Course Goals
The course is designed to introduce students to 

experimental techniques of precision measurements in 

nuclear and atomic physics.  Students are also taught 

key ideas about the physical concepts and processes 

underlying  these techniques.
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