
Nuclear changesNuclear changes

AlphaAlpha
A − 4; Z − 2; radium-226 → radon-222 + helium-4A − 4; Z − 2; radium-226 → radon-222 + helium-4

Beta minusBeta minus
Neutron → proton; A unchanged, Z + 1Neutron → proton; A unchanged, Z + 1

Beta plusBeta plus
Proton → neutron; A unchanged, Z − 1Proton → neutron; A unchanged, Z − 1

Gamma / checkingGamma / checking
A and Z unchanged; balance nucleon / chargeA and Z unchanged; balance nucleon / charge

numbersnumbers

Half-lifeHalf-life

HalvingHalving
Time for nuclei / activity to halve; material doesTime for nuclei / activity to halve; material does

not vanishnot vanish
FractionsFractions

After 1 / 2 / 3 half-lives: ½ / ¼ / ⅛; divide byAfter 1 / 2 / 3 half-lives: ½ / ¼ / ⅛; divide by
2ⁿ2ⁿ

ExampleExample
80 Bq, 5-year half-life → 40 / 20 / 10 Bq after 580 Bq, 5-year half-life → 40 / 20 / 10 Bq after 5

/ 10 / 15 y/ 10 / 15 y
Graph / randomnessGraph / randomness

Find interval to halve; subtract background;Find interval to halve; subtract background;
large-sample trendlarge-sample trend

ExposureExposure

DamageDamage
Ionisation can damage DNA; risk depends onIonisation can damage DNA; risk depends on
dosedose
HandlingHandling
Distance / tongs, shielding, short time andDistance / tongs, shielding, short time and
secure storagesecure storage
DistinguishDistinguish
Irradiation: exposure; contamination:Irradiation: exposure; contamination:
radioactive material depositedradioactive material deposited
ContextContext
Internal alpha dangerous; external gammaInternal alpha dangerous; external gamma
penetrates; balance medical riskpenetrates; balance medical risk
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1. Nuclear changes → Half-life: Nuclear decay reduces the number of undecayed nuclei.1. Nuclear changes → Half-life: Nuclear decay reduces the number of undecayed nuclei.

22

22

2. Half-life → Exposure: Activity decreases over time; exposure still needs controls.2. Half-life → Exposure: Activity decreases over time; exposure still needs controls.
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Nuclear change, decayNuclear change, decay

and safetyand safety
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