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1. Ohm's Law and Watts Law
Ohm's Law and Watts Law form the bedrock of all electrical and electronic calculations. These two

fundamental relationships, expressed through four interrelated variables — Power (P), Current (I),

Resistance (R), and Voltage (V) — allow an engineer to compute any two unknowns when the other two

are known. The calculator suite implements all six possible pair combinations via a data-driven dispatch

table, providing instant results with five-decimal precision to support the accuracy requirements of

professional engineering work.

Georg Simon Ohm published his empirical law in 1827, establishing that the current through a conductor

between two points is directly proportional to the voltage across those points. James Prescott Joule's work

on the heating effect of electric current, later formalized as Watts Law, complements Ohm's Law by

relating electrical power to voltage and current. Together, these laws are applied billions of times daily

across every discipline that involves electricity: from designing bias networks in a microphone

preamplifier to sizing cooling systems for AI training clusters.

1.1 Core Equations

Ohm's Law states that voltage across a conductor equals the product of current and resistance. Watts Law

states that electrical power equals the product of voltage and current. By substituting Ohm's Law into

Watts Law, all four electrical quantities can be expressed in terms of any other two, yielding six unique

pair combinations.

V = I × R (Ohm's Law)

P = I × V (Watts Law)

The implementation evaluates these pairs through a dispatch table — an array of six entries, each

containing a boolean check tuple and a solve function pointer. The first matching entry wins. This

data-driven approach eliminates deep nesting, satisfies MISRA/SEI CERT structural requirements, and

makes the priority order explicit and maintainable.

1.2 The Six Pair Combinations

Given any two of the four electrical variables, the remaining two can always be derived. The following

table documents all six pair combinations, along with the exact formulas used. Each formula is presented

in its most computationally stable form to minimize floating-point error accumulation. The

implementation uses 64-bit double-precision arithmetic throughout.

Known V (Volts) P (Watts) R (Ohms) I (Amps)

I & R I × R I2 × R (input) (input)

I & V (input) I × V V / I (input)

I & P P / I (input) P / I2 (input)



MCP-Relational-Data v2.1  |  Jeremy Anderson  |  dcos.net  |  CC-BY-SA 4.0 4

R & V (input) V2 / R (input) V / R

V & P (input) (input) V2 / P P / V

P & R √(P × R) (input) (input) √(P / R)

Table 1: All six pair combinations with derivation formulas

The P & R pair requires square-root operations. When power and resistance are the known quantities,

current is derived as the square root of the power-to-resistance ratio, and voltage as the square root of the

power-times-resistance product. The implementation guards against negative radicands by clamping the

argument to zero before extraction, preventing NaN propagation from physically impossible inputs such

as negative resistance. In audio amplifier design, the P & R pair is particularly useful when specifying a

loudspeaker's power rating and its nominal impedance, from which the required voltage swing and

current delivery of the amplifier can be immediately determined.

1.3 Worked Example: 5-Decimal Precision

Consider a loudspeaker rated at 85 Watts with a nominal impedance of 8 Ohms. Using the P & R pair,

the current and voltage are:

I = √(85 / 8) = 3.26100 Amps

V = √(85 × 8) = 26.07681 Volts

These five-decimal values provide the precision needed for accurate power amplifier design. The

peak-to-peak voltage swing required for a Class AB amplifier driving this speaker into full power is 2 ×

1.41421 × 26.07681 = 73.74528 Vpp, which directly determines the minimum rail voltage for the output

stage. The five-decimal precision ensures that cumulative error in multi-stage calculations remains well

below the typical component tolerance of 1–5%.

2. Audio Engineering Applications
Audio engineering is one of the most calculation-intensive applications of Ohm's Law and Watts Law.

Every stage of the audio signal chain — from microphone capsules and preamplifier input circuits to

power amplifier output stages and loudspeaker crossover networks — involves precise voltage, current,

resistance, and power relationships. The five-decimal precision is particularly valuable in audio work

because small impedance mismatches can cause measurable frequency response anomalies, and power

handling calculations directly affect thermal design and component lifetime.

2.1 Impedance Matching and Power Transfer

Maximum power transfer occurs when the source impedance equals the load impedance. In audio

systems, this principle governs the design of output transformer ratios in tube amplifiers, the selection of

damping resistors in solid-state designs, and the matching of loudspeaker crossover components. When a
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power amplifier with a specified output impedance drives a loudspeaker, the actual power delivered

depends on the ratio of speaker impedance to amplifier output impedance.

Parameter Value Unit Calculated Via

Speaker Impedance 8 Ohms (input)

Rated Power 85 Watts (input)

RMS Voltage 26.07681 Volts √(P × R)

RMS Current 3.26100 Amps √(P / R)

Peak Voltage 36.87265 Volts V
rms

 × 1.41421

Peak-to-Peak Voltage 73.74528 Volts 2 × V
peak

Min. Rail Voltage 78.5 Volts V
pp

 + headroom

Table 2: 85W / 8-Ohm speaker system electrical parameters

2.2 Crossover Network Design

Passive crossover networks in loudspeakers are built entirely from resistors, inductors, and capacitors —

all components whose behavior is governed by Ohm's Law and its AC extensions. The power dissipated

in each component must be calculated to ensure proper wattage ratings are selected. A tweeter attenuator

circuit, for example, uses an L-pad formed by two resistors. Given the desired attenuation and the

tweeter's impedance, the resistor values and their individual power dissipation are derived from the same

fundamental P, I, R, V relationships.

For a first-order high-pass crossover at 3 kHz with an 8-Ohm tweeter, the capacitor value is 1 / (2π ×

3000 × 8) = 6.63145 μF. The power dissipated by the capacitor's equivalent series resistance (ESR) at the

amplifier's full output voltage determines whether a standard 250V film capacitor is sufficient or whether

a higher-rated part is needed. All of these calculations trace back to the same four variables and the same

six pair combinations.

3. MOSFET Power Supply Design
MOSFET-based power supply units are the workhorses of modern electronics, found in everything from

desktop computer motherboards and server power supplies to electric vehicle chargers and industrial

motor drives. The design of a MOSFET PSU requires precise application of Ohm's Law and Watts Law

at every stage: input rectification and filtering, switching regulator design, output regulation, and

protection circuitry. The high currents involved — often tens of amperes — mean that even small

resistance values in traces, inductors, and MOSFET channels result in significant power dissipation,
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making five-decimal precision essential for thermal management.

3.1 MOSFET Conduction Losses

The on-resistance (R
DS(on)

) of a power MOSFET is a critical parameter that directly determines

conduction losses. When the MOSFET is in the on-state, the voltage across it equals I × R
DS(on)

, and the

power dissipated equals I2 × R
DS(on)

. For a synchronous buck converter supplying 12V at 20A with a

high-side MOSFET having an on-resistance of 8.5 milliohms, the conduction loss is 202 × 0.0085 = 3.4

Watts per MOSFET. With a duty cycle of approximately 50%, the average conduction loss is 1.7 Watts.

These calculations use the I & R and I & P pairs from the calculator.

Parameter High-Side Low-Side Unit

On-Resistance (R
DS(on)

) 0.00850 0.00520 Ohms

Switching Current 20.00000 20.00000 Amps

Duty Cycle 0.45000 0.55000 —

V
drop

 = I × R 0.17000 0.10400 Volts

P
cond

 = I2 × R 3.40000 2.08000 Watts

P
cond

 (avg, with duty) 1.53000 1.14400 Watts

Table 3: MOSFET conduction loss analysis for a 12V/20A buck converter

3.2 Inductor and Capacitor Selection

The output inductor in a switching PSU must carry the full load current while maintaining a specified

inductance to keep ripple current within acceptable bounds. The DC resistance (DCR) of the inductor

directly contributes to power loss: P
DCR

 = I2 × DCR. A 10 μH inductor with a DCR of 0.00350 Ohms

carrying 20 Amps dissipates 202 × 0.00350 = 1.40000 Watts in the winding alone. The calculator's I & R

pair provides this result instantly. Similarly, output capacitor ESR losses are calculated using the same

fundamental relationships. The total loss budget — MOSFET conduction, MOSFET switching, inductor

DCR, capacitor ESR, and PCB trace losses — determines the heatsink requirements and ultimately the

PSU's efficiency rating.

4. AI Hardware and Datacenter Applications
The exponential growth of AI compute has made electrical power calculations a first-order concern for

every organization operating GPU clusters. A single NVIDIA H100 GPU consumes approximately 700

Watts under full load, and a typical AI training server with 8 GPUs draws 5,600 to 7,000 Watts

continuously. At datacenter scale, where thousands of GPUs operate 24 hours a day, the electricity cost
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alone can dominate the total cost of ownership — often exceeding the hardware purchase price over the

typical three-to-five-year operational lifetime of the equipment.

4.1 GPU Power Budgeting

Accurate power budgeting at the GPU level requires knowing the voltage supplied to the board, the

current drawn under various workloads, and the efficiency of the power delivery network (PDN). The

PDN consists of voltage regulator modules (VRMs), PCB power planes, and decoupling capacitors, each

with its own resistance and associated I2R loss. For an 8-GPU server where each GPU draws 350 Amps

from a 0.8V rail, even a 0.00050 Ohm trace resistance results in a 0.17500 Volt drop and 61.25000 Watts

of loss per GPU — a significant figure that must be accounted for in the thermal design.

Component Voltage (V) Current (A) R (Ohms) Power (W)

GPU Core Rail 0.80000 350.00000 0.00050 61.25000

VRM Output Stage 0.80000 350.00000 0.00100 122.50000

PCIe Slot Power 12.00000 5.56000 0.02000 0.61872

Memory (HBM) 1.20000 120.00000 0.00200 28.80000

Board Total (est.) — — — 650.00000

Table 4: Per-GPU power budget breakdown (estimated single H100)

4.2 Electricity Cost Modeling

The Electricity Cost calculator converts power consumption into financial terms. Given the power draw

of a device, the hours per day it operates, the number of operating days per month, and the local

electricity rate in dollars per kilowatt-hour, the calculator produces daily, monthly, and yearly cost

figures. For an AI training cluster of 1,024 GPUs each consuming 700 Watts, running 24 hours a day at a

commercial electricity rate of $0.08/kWh, the monthly electricity cost reaches $0.08 × 700 × 24 × 30 ×

1024 / 1000 = $4,128,153.60. This figure does not include cooling overhead, which typically adds

30–50% on top of the IT equipment power. The PUE (Power Usage Effectiveness) of a well-designed

datacenter ranges from 1.10 to 1.30, meaning the actual electricity bill is 10–30% higher than the raw

GPU power consumption would suggest.

5. Ecommerce and Business Calculations
Beyond electrical engineering, the calculator suite includes business-focused tools that apply equally well

to ecommerce operations, digital marketing campaigns, and AI service pricing. These calculators use

simpler arithmetic than the Ohm's Law engine — addition, subtraction, multiplication, and division —
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but the same reactive, real-time calculation approach that provides instant feedback as values are entered.

5.1 Margin and Markup

The Margin and Markup calculator computes three related but often confused metrics from a cost price

and selling price. Profit is the difference between selling price and cost. Margin percentage expresses

profit as a fraction of the selling price: Margin = (Sell − Cost) / Sell × 100%. Markup percentage

expresses profit as a fraction of the cost price: Markup = (Sell − Cost) / Cost × 100%. The distinction

matters because a 50% markup on a $10 cost yields a $15 selling price with a 33.33333% margin, not a

50% margin. This distinction is critical in ecommerce pricing strategy, where margins determine

profitability after deducting all other operating expenses.

5.2 Return on Investment

The ROI calculator measures the efficiency of an investment by comparing net profit to the initial cost:

ROI = (Revenue − Investment) / Investment × 100%. In the context of AI infrastructure, ROI calculations

are particularly nuanced because the benefits of AI investment — reduced labor costs, improved decision

quality, new product capabilities — are often difficult to quantify precisely. A marketing team investing

$50,000 in an AI-powered ad platform that generates $175,000 in attributable revenue achieves an ROI

of 250.00000%, but the true ROI must also account for ongoing platform costs, team training time, and

the opportunity cost of not pursuing alternative strategies.

5.3 AI Token Cost and Break-Even Analysis

The Token Cost Estimator calculates the per-query and per-batch cost of using large language model

APIs by multiplying token counts by per-million-token pricing. For a customer service chatbot processing

an average of 500 input tokens and 1,500 output tokens per conversation at Claude 3.5 Sonnet pricing

($3.00/M input, $15.00/M output), each conversation costs $0.00225 in input fees and $0.02250 in

output fees, totaling $0.02475 per interaction. At 10,000 conversations per month, the monthly API cost

is $247.50 — a figure that must be weighed against the labor savings from automation.

The Break-Even Analysis calculator determines how many units must be sold to recover fixed costs. For

an AI-powered SaaS product with $200,000 in monthly fixed costs, a $49/month subscription price, and

$12 per customer in variable costs, the contribution margin is $37 per unit and the break-even point is

200,000 / 37 = 5,405.40541 customers. Every customer beyond this threshold contributes $37 toward net

profit. The five-decimal precision ensures that fractional break-even units are displayed accurately,

which is important when the break-even point is close to an integer and management needs to understand

exactly how close the operation is to profitability.
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6. Solar Panel Revenue
The Solar Panel Revenue calculator estimates the financial return of a photovoltaic installation. It accepts

six inputs — number of panels, wattage per panel, average daily sun hours, electricity sell-back rate, total

system installation cost, and system efficiency — and produces eight outputs spanning generation

capacity, energy production at daily, monthly, and yearly intervals, revenue projections, payback period,

and 25-year lifetime earnings. This calculator is designed for residential and commercial solar array

planning where net metering policies allow grid-sell-back revenue.

6.1 Core Formulas

The system's DC nameplate capacity is the product of panel count, panel wattage, and efficiency, divided

by 1000 to convert watts to kilowatts. Daily energy production is the product of system capacity and sun

hours. Monthly production scales daily production by 30 days; yearly production scales by 365 days.

Revenue is the product of energy produced and the sell-back rate. The payback period divides the total

system cost by annual revenue, yielding the number of years required to recoup the investment. Lifetime

earnings project the 25-year cumulative revenue assuming constant production and rate.

System_kW = (Panels × Panel_W × Efficiency) / 1000

Daily_kWh = System_kW × Sun_Hours

Monthly_kWh = Daily_kWh × 30

Yearly_kWh = Daily_kWh × 365

Monthly_Revenue = Monthly_kWh × Rate

Payback_Years = System_Cost / Yearly_Revenue

Lifetime_25yr = Yearly_Revenue × 25

6.2 Worked Example

A homeowner installs 20 panels rated at 400W each, with an average of 5 peak sun hours per day, a net

metering sell-back rate of $0.12/kWh, a total installation cost of $12,000, and a system efficiency of

85%. The effective system capacity is (20 × 400 × 0.85) / 1000 = 6.80 kW. Daily production is 6.80 × 5

= 34.0 kWh. Annual revenue is 34.0 × 365 × 0.12 = $1,489.20. The payback period is 12,000 / 1,489.20

= 8.06 years. Over 25 years, the system generates $37,230 in revenue — a 210.25% return on the initial

investment.

7. 3D Print Cost Analysis
The 3D Print Cost calculator determines the per-part economics of FDM or SLA additive manufacturing.

It accepts seven inputs — filament cost per kilogram, print weight in grams, print time in hours, printer

power draw in watts, electricity rate, failure rate percentage, and selling price — and produces six

outputs: filament consumed per print (in kg), material cost, energy cost, total cost per print (amortizing
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failures), profit per print, and margin percentage. This calculator targets print farm operators, Etsy

sellers, and prototyping shops that need to understand per-unit profitability.

7.1 Core Formulas

Material cost is the product of filament consumed (print weight converted to kilograms) and the

per-kilogram filament price. Energy cost is the product of printer power draw, print time, and electricity

rate, converted from watt-hours to kilowatt-hours. The failure rate introduces a cost multiplier: on

average, each successful print requires 1 / (1 − failure_rate/100) total print attempts. This multiplier is

applied to the sum of material and energy costs to yield the true cost per successful print. A failure rate of

100% or above is clamped to infinity, reflecting the mathematical impossibility of producing a successful

part.

Filament_kg = Print_Weight_g / 1000

Material_Cost = Filament_kg × Filament_Cost_per_kg

Energy_kWh = (Printer_W × Print_Time_h) / 1000

Energy_Cost = Energy_kWh × Elec_Rate

Fail_Multiplier = 1 / (1 − Failure_Rate / 100)

Cost_Per_Print = (Material_Cost + Energy_Cost) × Fail_Multiplier

Profit = Sell_Price − Cost_Per_Print

Margin_% = (Profit / Sell_Price) × 100

7.2 Worked Example

A print farm operator produces a part weighing 50g using $25/kg PLA filament, with a 3-hour print time

on a 200W printer, electricity at $0.12/kWh, a 10% failure rate, and a $15 selling price. Material cost is

(0.050 × 25) = $1.25. Energy cost is (200 × 3 / 1000) × 0.12 = $0.072. The failure multiplier is 1 / (1 −

0.10) = 1.11111. Total cost per successful print is ($1.25 + $0.072) × 1.11111 = $1.469. Profit is $15 −

$1.469 = $13.531, yielding a margin of 90.21%. This high margin is typical of small FDM prints sold at

retail pricing, and explains why additive manufacturing has become an attractive small-business entry

point.

8. Comprehensive Formula Reference
The following table consolidates every formula implemented in the calculator suite, organized by

calculation domain. Each formula is shown in its standard mathematical notation alongside the specific

calculator that invokes it. All formulas assume real-number inputs and produce real-number outputs; the

implementation guards against imaginary results from square-root operations on negative arguments by

clamping the radicand to zero before extraction.
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Domain Formula Source

Ohm's Law V = I × R Fundamental

Watts Law P = I × V Fundamental

I & R pair V = I × R, P = I2 × R Ohm + Watts

I & V pair R = V / I, P = I × V Ohm + Watts

I & P pair V = P / I, R = P / I2 Ohm + Watts

R & V pair I = V / R, P = V2 / R Ohm + Watts

V & P pair I = P / V, R = V2 / P Ohm + Watts

P & R pair I = √(P/R), V = √(P×R) Ohm + Watts

Margin Margin = (Sell−Cost)/Sell × 100% Commerce

Markup Markup = (Sell−Cost)/Cost × 100% Commerce

ROI ROI = (Revenue−Inv)/Inv × 100% Finance

Electricity kWh = (Watts × Hours) / 1000 Energy

Break-Even Units = Fixed / (Price−Variable) Business

Token Cost Cost = (Tokens / 1M) × Price_per_M AI/ML

Solar — Capacity kW = (N × W × Eff) / 1000 Energy

Solar — Daily kWh = kW × Sun_Hours Energy

Solar — Payback Years = Cost / (kWh_yr × Rate) Finance

3D Print — Material Cost = (g/1000) × $/kg Manufacturing

3D Print — Fail Mult 1 / (1−Fail%/100) Statistics

3D Print — Total (Mat+Elec) × Fail_Mult Manufacturing

Table 5: Complete formula reference for all calculator domains

References
The formulas and engineering principles documented in this reference are drawn from the following

authoritative sources. Each entry identifies the specific equations or design methods used in the

MCP-Relational-Data calculator suite.

[1] Horowitz, P. and Hill, W. The Art of Electronics, 3rd Edition. Cambridge University Press, 2015. Source for

Ohm's Law pair matching, MOSFET conduction loss analysis, and power supply design methods (Sections

1.2, 3.5, 9.3).



MCP-Relational-Data v2.1  |  Jeremy Anderson  |  dcos.net  |  CC-BY-SA 4.0 12

[2] Self, D. Audio Power Amplifier Design, 6th Edition. Newnes, 2013. Source for impedance matching calculations,

crossover network design, and loudspeaker power handling analysis (Chapters 2, 7, 12).

[3] Erickson, R.W. and Maksimovic, D. Fundamentals of Power Electronics, 3rd Edition. Springer, 2020. Source for

buck converter loss analysis, inductor DCR calculations, and output capacitor ESR modeling (Sections 2.3,

5.4, 9.2).

[4] National Renewable Energy Laboratory (NREL). PVWatts Calculator. U.S. Department of Energy. Source for

solar panel energy production modeling, system efficiency derating, and payback period estimation.

https://pvwatts.nrel.gov/

[5] Gibson, I., Rosen, D., and Stucker, B. Additive Manufacturing Technologies, 3rd Edition. Springer, 2021. Source

for FDM/SLA cost modeling, failure rate economics, and per-part cost analysis in additive manufacturing

(Chapters 3, 8).

[6] OpenAI. GPT-4o Pricing; Anthropic. Claude API Pricing. Source for AI token cost per-million-token rates used

in the Token Cost Estimator. Prices reflect publicly listed rates at the time of implementation.


