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Give calculus-based plan to ensure safety from accidents,
crimes and illness. Give differential and integral equations.

If you want a calculus-based framework for safety—covering accidents, crime, and illness—
you can model risk as a dynamic system that evolves over time and depends on
controllable variables (behavior, environment, prevention effort). The goal is to minimize

cumulative risk exposure subject to real-world constraints.

Here's a structured way to think about it.

1. Define a Risk Function

Let total risk be:
R(t) = R4(t) + R.(t) + Ri(?)

Where;

e R, accident risk
e R crimerisk

e R;:illness risk

Each evolves over time depending on inputs.

2. Differential Equations (Dynamic Risk Evolution)

(A) Accidents

dR,
dt

= aaE(t) - /BaPa(t)

e E(t): exposure (driving time, hazardous activity)
e P,(t): prevention effort (training, safety gear)
e (,: risk per unit exposure

e [3,: effectiveness of prevention



Interpretation: Risk increases with exposure and decreases with safety behavior.

(B) Crime

dR.
dt

= acV(t) — BeS (1)

o V(t): vulnerability (location, time, visibility)
° S(t): security measures (locks, awareness, avoidance)

You can reduce crime risk by lowering vulnerability and increasing deterrence.

(C) lliness

dR;
dt

e X (t): exposure to pathogens / unhealthy conditions
e H(t): health investment (exercise, sleep, hygiene, healthcare)

3. Control Variables (Your Decisions)

You control:

o P,(t): safety habits

e S(t): security behavior

e H(t): health investment

e partially E(t), V(t), X (¢)

4. Objective: Minimize Total Risk Over Time

T
min / R(t)dt
0

This is the total accumulated danger over a time horizon T



5. Add Realistic Constraints

You don’t have unlimited time/energy:
Po(t) + 5(t) + H(t) < B(t)

e B(t): total available effort (time, money, attention)

6. Optimal Allocation (Euler-Lagrange Insight)

You want effort distributed so that:

OR, _OR. OR,
oP,  8S = OH

Translation:

Put effort where it reduces risk the most per unit effort.

7. Integral Risk Models (Cumulative Exposure)

Accident probability over time:

P,=1—-¢ Jo Aalt) dt

lliness exposure dose:

D:/OTX(t)dt

Crime exposure:

C:/OTV(t)dt

These show:

e Risk accumulates like area under the curve

e Even small risks become large if sustained



8. Practical Interpretation (What the Math Says)

(1) Reduce Exposure First (Most Powerful)

Lower the integrals:

e Avoid high-risk environments
e Reduce unnecessary travel in dangerous conditions

e Limit contact with illness sources

Mathematically: reduce E(t), V(t), X (t)

(2) Add Preventive Buffers

Increase damping terms:

e Safety gear, defensive driving — increases [,
e Situational awareness — increases (3,

e Exercise, vaccines — increases [3;

(3) Avoid Risk Spikes

Large short-term spikes dominate integrals:
/R(t) dt > if R(t) has peaks

One reckless moment can outweigh months of caution.

(4) Stability Condition
For safety, require:

dR
dt

Which implies:
BuP, + B.S + BiH > aE + a.V + a; X

Your protective actions must outweigh exposures.



9. Feedback System (Adaptive Safety)

You can model learning:

e _ koRa(t)
dt - a a
a5 _ k.R.(t)
dt

dH

—_— = klRZ t
= (t)

As risk increases, you adapt and improve defenses.

10. Final Strategy (Plain Language)

The calculus boils down to:

e Minimize area under risk curves
e Keep system in negative drift (risk decreasing)
e Allocate effort where marginal benefit is highest

e Avoid spikes—extreme events dominate outcomes

If you want, | can turn this into:

e a concrete daily routine optimized using this model
e or simulate scenarios (e.g., “what if | commute vs work from home”) using these

equations
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