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UNDERSTANDING
NUCLEAR
PROCESSES
THROUGH THE
ALPHA AND BETA
DECAY PHET
ACTIVITY

Nuclear chemistry and
physics  can  feel  like
abstract  subjects,  full
of  invisible  particles
a n d  c o m p l e x
equations.  However,
interactive  simulations
have  revolutionized
how  s tudents  and
enthusiasts  grasp
these  fundamental
concepts.  Among  the
most  effective  tools
available is the Alpha

And Beta Decay Phet
Activity,  a  dynamic
simulation  developed
by  the  University  of
Colorado Boulder.  This
e n g a g i n g  d i g i t a l
r e s o u r c e  a l l o w s
learners to manipulate
atomic nuclei,  observe
decay processes in real
t ime,  and  bui ld  an
intuitive understanding
of radioactivity without
needing  a  laboratory
fu l l  o f  haza rdous
mater ia l s .  In  th i s
comprehensive  guide,
w e  w i l l  e x p l o r e
everything you need to
k n o w  a b o u t  t h i s
act iv i ty ,  f rom  the
science  behind  alpha
and  beta  decay  to
p rac t i ca l  t i ps  f o r

https://turn-nyc-edge-vdmdp.louper.io/
https://turn-nyc-edge-vdmdp.louper.io/


2

2 Alpha And Beta Decay Phet
Activity

2026-03-07

m a x i m i z i n g  y o u r
learning experience.

What Is
the Alpha
And Beta
Decay
Phet
Activity?
The Alpha And Beta
Decay  Phet  Activity
i s  a n  i n t e r a c t i v e
computer  simulation
d e s i g n e d  t o  h e l p
students  visualize  and
understand two of the
most common types of
radioactive decay. It is
part of the larger PhET
Interactive  Simulations
project, which provides
free,  research-based
sc ience  and  math
s imulat ions .  Th is

particular  activity
f o c u s e s  o n  h o w
unstable atomic nuclei
transform  into  more
stable  configurations
by  emit t ing  a lpha
pa r t i c l e s  o r  be ta
particles.  Users  can
cl ick  on  individual
nuclei,  watch  decay
chains  unfold,  and
adjust  variables  such
as  the  half-life  or  the
type of decay, making
it  a  powerful  tool  for
b o t h  c l a s s r o o m
i n s t r u c t i o n  a n d
independent  study.

Why Use
a
Simulatio
n for
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Learning
Nuclear

Decay?
Traditional methods of
teaching nuclear decay
often  rely  on  static
d i a g r a m s  a n d
m a t h e m a t i c a l
equations. While these
approaches have their
place,  they  can  leave
students  struggling  to
connect  the  abstract
numbers  w i th  the
physical reality of what
happens  ins ide  an
atom. The Alpha And
Beta  Decay  Phet
Activity  bridges  this
gap  by  providing  a
visual  and  interactive
experience.  When you
watch  a  polonium-211
nucleus  spontaneously
eject an alpha particle,
y o u  a r e  n o t  j u s t
m e m o r i z i n g  a
f a c t — y o u  a r e

w i t n e s s i n g  a
fundamental process of
nature.  This  kind  of
active  learning  has
been shown to improve
retent ion,  deepen
c o n c e p t u a l
understanding,  and
increase  engagement,
especially  for  complex
t o p i c s  l i k e
radioactivity.

The
Science
Behind
Alpha
Decay
Before  diving  into  the
simulation  itself,  it  is
helpful  to  understand
the  two  processes  it
models.  Alpha  decay
o c c u r s  w h e n  a n
uns tab le  nuc leus
contains  too  many
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protons  and  neutrons.
T o  b e c o m e  m o r e
stable,  the  nucleus
e j e c t s  a n  a l p h a
particle, which consists
of two protons and two
n e u t r o n s  b o u n d
together—essentially
t h e  n u c l e u s  o f  a
helium-4  atom.  This
process  reduces  the
atomic number by two
and the mass number
by  four.  For  example,
when  uranium-238
u n d e r g o e s  a l p h a
decay,  it  transforms
into  thorium-234.
In  the  Alpha  And
Beta  Decay  Phet
Activity ,  you  can
select from a variety of
alpha-emitting isotopes
and watch this process
happen. The simulation
s h o w s  t h e  a l p h a
particle  being  ejected
at high speed, and you
can  see  the  daughter
nucleus  that  remains.
T h i s  v i s u a l
representation  makes

i t  c lear  why  a lpha
decay  typically  occurs
in heavy elements,  as
the  repulsive  forces
between many protons
become too strong for
the  nucleus  to  hold
together.

The
Science
Behind
Beta
Decay
B e t a  d e c a y  i s  a
different  phenomenon.
I t  o c c u r s  w h e n  a
n u c l e u s  h a s  a n
uns tab le  r a t i o  o f
neutrons to protons. In
beta-minus  decay,  a
neutron  transforms
i n t o  a  p r o t o n ,  a n
electron  (the  beta
pa r t i c l e ) ,  and  an
antineutrino.  The  beta
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particle is ejected from
the nucleus, increasing
the atomic number by
one  while  leaving  the
m a s s  n u m b e r
unchanged.  In  beta-
plus decay, or positron
emission,  a  proton
t rans forms  in to  a
neutron,  a  positron,
and  a  neutrino.  The
A lpha  And  Be ta
Decay  Phet  Activity
typically  focuses  on
beta-minus  decay,
which is more common
i n  n a t u r e .  T h e
simulation  allows  you
t o  s e e  t h i s
t ransformat ion  in
action,  making  the
abstract  concept  of  a
neutron  changing  into
a  proton  feel  tangible
and real.

HOW TO GET
STARTED WITH
THE ALPHA AND
BETA DECAY PHET
ACTIVITY

A c c e s s i n g  t h e

s i m u l a t i o n  i s
straightforward.  You
can  find  it  on  the
official PhET website by
searching  for  "Alpha
D e c a y "  o r  " B e t a
Decay."  The  interface
is  intuitively designed,
with clear buttons and
sliders  that  allow  you
t o  c o n t r o l  t h e
simulation at your own
pace.  Here  is  a  step-
b y - s t e p  g u i d e  t o
getting the most out of
the activity.

Step One:
Familiariz
e Yourself
with the
Interface
When  you  first  open
the  Alpha  And  Beta
Decay Phet Activity,
you  wil l  see  a  main
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screen  displaying  a
samp le  o f  a tomic
nuclei.  On the side or
bottom of  the  screen,
there  are  controls  for
selecting  the  isotope
you  want  to  study,
adjusting  the  half-life,
and switching between
alpha and beta  decay
modes.  Take  a  few
moments  to  click  on
these controls and see
how  they  affect  the
simulation. The design
i s  m e a n t  t o  b e
exploratory, so do not
b e  a f r a i d  t o
experiment.

Step Two:
Observe
Alpha
Decay in

Action
Start  by  selecting  an
alpha-emitting isotope,
such  as  polonium-211
or  uranium-238.  Click
o n  a n  i n d i v i d u a l
nucleus  to  trigger  a
decay event, or let the
s i m u l a t i o n  r u n
automatically.  Watch
as the alpha particle is
e j e c t e d  a n d  t h e
daughter  nuc leus
appears.  Notice  how
the atomic number and
mass  number  change
in  the  information
panel. The Alpha And
Beta  Decay  Phet
Activity often includes
a  chart  or  graph  that
tracks  the  number  of
undecayed nuclei over
time,  allowing  you  to
o b s e r v e  t h e
exponential  decay
p a t t e r n  t h a t  i s
cha rac te r i s t i c  o f
radioactive materials.
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Step
Three:
Explore
Beta
Decay
Next,  switch  to  beta
decay  mode.  Select  a
beta-emitting  isotope
l i ke  ca rbon-14  o r
hydrogen-3  (tritium).
A g a i n ,  c l i c k  o n
individual nuclei or let
the  simulation  run.
Observe how the beta
particle is emitted and
h o w  t h e  a t o m i c
number changes while
the  mass  number
remains the same. This
is  a  crucial  distinction
from alpha decay, and
seeing it visually helps
r e i n f o r c e  t h e
difference.  The  Alpha
And Beta Decay Phet

Activity  makes  this
compar i son  easy
b e c a u s e  y o u  c a n
toggle  between  the
t w o  d e c a y  t y p e s
without  leaving  the
simulation.

Step
Four:
Investigat
e Half-
Life and
Decay
Rates
O n e  o f  t h e  m o s t
powerful  features  of
the  simulation  is  the
ability  to  adjust  the
half-life.  Set  a  short
half-life and watch the
nuclei  decay  rapidly.
Then set a long half-life
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a n d  o b s e r v e  h o w
slowly  the  process
occurs.  This  hands-on
manipulation  helps
build an intuitive sense
of what half-life means,
beyond just  a number
in a textbook. You can
also use the simulation
to  predict  how  many
nuclei will remain after
a  g iven  amount  of
time,  then check your
prediction  against  the
simulation results.

EDUCATIONAL
BENEFITS OF
USING THE ALPHA
AND BETA DECAY
PHET ACTIVITY

Teachers and students
alike have praised the
A lpha  And  Be ta
Decay  Phet  Activity
for its ability to make a
difficult  topic
accessible.  There  are
s e v e r a l  k e y
educational  benefits
that set this simulation
a p a r t  f r o m  o t h e r

learning  tools.

Visualizin
g the
Invisible
N u c l e a r  d e c a y  i s
inherently  invisible.
You  cannot  see  an
alpha particle or a beta
particle with the naked
e y e ,  a n d  e v e n
specialized  equipment
only  detects  their
effects  indirectly.  The
simulation  removes
t h i s  b a r r i e r  b y
provid ing  a  c lear ,
a n i m a t e d
representat ion  of
events  at  the  atomic
scale. When you see a
nucleus split and eject
a  part ic le,  you  are
bu i ld ing  a  menta l
model  that  will  serve
you  wel l  when  you
e n c o u n t e r  m o r e
advanced  topics  in
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nuclear  physics.

Promotin
g Active
Explorati
on
Instead  of  passively
reading  about  decay,
the  Alpha  And  Beta
Decay  Phet  Activity
invites you to explore.
You can ask questions
like: What happens if I
keep clicking the same
nucleus? How does the
decay chain change if I
start  with  a  different
isotope?  This  type  of
inquiry-driven  learning
is  far  more  engaging
t h a n  r o t e
memorization,  and  it
encourages  critical
thinking  skil ls  that
a p p l y  a c r o s s  a l l
scientific disciplines.

Connecti
ng to
Real-
World
Applicatio
ns
Understanding  alpha
and beta decay is not
j u s t  an  academic
e x e r c i s e .  T h e s e
processes  have  real-
world  implications  in
fields  like  medicine,
e n e r g y ,  a n d
archaeology.  Beta
decay is  the basis  for
carbon-14  dat ing,
which allows scientists
to  determine  the  age
of  ancient  artifacts.
Alpha decay is involved
in the decay chains of
uranium  and  thorium,
which  are  relevant  to
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nuclear  power  and
radiation  shielding.  By
using  the  Alpha And
Beta  Decay  Phet
Act iv ity ,  you  are
laying the groundwork
for  understanding
t h e s e  p r a c t i c a l
applications.

COMMON
MISCONCEPTIONS
ADDRESSED BY
THE SIMULATION

Many students come to
the  study  of  nuclear
d e c a y  w i t h
preconceived  notions
that  can  hinder  their
understanding.  The
A lpha  And  Be ta
Decay  Phet  Activity
is  particularly  effective
at  addressing  these
misconceptions.

Misconce

ption:
Decay Is
Predictabl
e for
Individual
Atoms
One  common  mistake
i s  t h i n k i n g  t h a t
scientists  can  predict
exactly  when a  single
atom  will  decay.  The
simulation  makes  it
clear  that  decay  is
r a n d o m  a t  t h e
individual  level  but
predictable  in  large
populations. When you
watch a group of nuclei
decay,  you  see  the
statist ical  pattern
emerge  even  though
you  cannot  predict
which  specific  nucleus
will decay next. This is
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a profound concept in
quantum  mechanics,
and  the  simulation
brings  it  to  life.

Misconce
ption: All
Radioacti
ve Decay
Is the
Same
Another misconception
is  that  all  radioactive
decay  involves  the
emission  of  the  same
type  of  particle.  By
toggling between alpha
and  beta  modes,  the
A lpha  And  Be ta
Decay  Phet  Activity
clearly  demonstrates
the  differences
between  these  two
processes.  Students

can  see  that  alpha
decay  changes  both
the atomic number and
the  mass  number,
wh i l e  be ta  decay
changes  on ly  the
atomic  number.  This
distinction  is  essential
for  understanding  the
complexities of nuclear
chemistry.

TIPS FOR
MAXIMIZING YOUR
LEARNING
EXPERIENCE

To get the most out of
the  Alpha  And  Beta
Decay Phet Activity,
consider  the  following
tips.

Take notes as
you explore.
Write down
observations
about how the
atomic number
and mass
number change
after each decay
event. This will
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help you
internalize the
patterns.
Compare
multiple
isotopes. Do not
limit yourself to
just one element.
Try several
different isotopes
to see how decay
characteristics
vary across the
periodic table.
Use the reset
button often.
Starting fresh
allows you to test
hypotheses and
see if your
predictions hold
true under the
same conditions.
Pair the
simulation with
textbook
reading. The
Alpha And Beta
Decay Phet
Activity is most
effective when
used alongside

traditional
learning
materials. Read
about a concept,
then see it in
action.
Discuss with
peers or
teachers.
Explaining what
you see in the
simulation to
someone else is
a great way to
solidify your own
understanding.

EXTENDING THE
ACTIVITY: BEYOND
THE BASICS

O n c e  y o u  h a v e
m a s t e r e d  t h e
fundamental  concepts,
the  Alpha  And  Beta
Decay  Phet  Activity
can be used to explore
more advanced topics.
For  example,  you  can
invest igate  decay
chains,  where  one
radioactive  isotope
decays  into  another,
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which then decays into
another,  and  so  on.
The simulation can also
be used to model  the
concept  of  radioactive
equilibrium, where the
rate of production of a
daughter  i so tope
equa l s  i t s  ra te  o f
decay. These advanced
applications  make  the
simulation valuable for
students  at  multiple
leve l s ,  f r om  h igh
school  to  introductory
college courses.

Integratin
g with
Other
PhET
Simulatio

ns
The PhET project offers
a  su i te  o f  re la ted
simulations  that  can
complement  your
study  of  alpha  and
b e t a  d e c a y .  F o r
i n s t a n c e ,  t h e
"Radioactive  Dating
Game"  s imulat ion
builds on the concepts
learned  in  the  Alpha
And Beta Decay Phet
Activity  and  applies
them  to  the  practical
problem  of  dat ing
a r c h a e o l o g i c a l
samples.  Using  these
simulations  together
p r o v i d e s  a
c o m p r e h e n s i v e
learning  experience
t h a t  c o n n e c t s
fundamental  principles
t o  r e a l - w o r l d
applications.

CONCLUSION

The Alpha And Beta
Decay  Phet  Activity
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i s  an  except iona l
educational  resource
that  transforms  the
abs t rac t  wor ld  o f
nuclear physics into an
interactive, visual, and
deeply  understandable
e x p e r i e n c e .  B y
allowing  learners  to
manipulate  atomic
nuclei,  observe  decay
events,  and  explore
the concepts of half-life
a n d  r a d i o a c t i v e
transformation,  this
simulation  addresses
c o m m o n
misconceptions  and
promotes  genuine
c o n c e p t u a l
u n d e r s t a n d i n g .
Whether  you  are  a
student struggling with

t h e  b a s i c s  o f
radioactivity, a teacher
looking for an engaging
classroom  tool ,  or
simply a curious mind
fasc inated  by  the
w o r k i n g s  o f  t h e
universe,  this  activity
offers  a  rich  and
rewarding  learning
journey. As you click on
those  tiny  nuclei  and
watch them transform,
you are not just playing
a  g a m e — y o u  a r e
engaging  with  the
fundamental processes
that  govern  matter
i t s e l f .  T h e  P h E T
simulation  makes  the
invisible visible, and in
doing  so,  it  opens  a
window into the heart
of the atom.


