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Core Electricity Calculations Breakdown

This comprehensive guide details the foundational mathematical and physical principles governing
electrical circuits, static fields, and energy transmission.

1. Electrostatic Force (Coulomb's Law)

Calculates the electrostatic force of attraction or repulsion between two stationary electrical charges
separated by a distance.

Formula: F = (k x |q1 X q2|) /

Where: F = Force (N), k = Coulomb'’s Constant (= 9.0 x 10° N-m2/C2), g = Charge magnitudes (C), r =
Distance between centers (m).

Analogy: Think of electric charges like ultra-strong cosmic magnets. If you bring two heavily charged
items near each other, they will forcefully snap together or fly apart. If you back away just a tiny bit, the
push drops off drastically because distance squares its weakness.

Example: Two point charges of +2 x 10 C and -3 x 10°® C are held 0.3 meters apart. Find the force:
F=(x10%x2x10°x3x 109 /(0.3)° = 0.054/0.09 = 0.6 N (Attractive)

2. Electric Field Strength

Measures the intensity of an electrical field vector at a specific coordinate point in space surrounding a
source charge.

Formula:E=F/q or E:k><Q/r2
Where: E = Electric field strength (N/C or V/m), Q = Source charge, q = Test charge.

Analogy: Imagine standing near a massive, blazing campfire. The heat you feel on your skin represents
the electric field. The closer you step toward the fire (Q), the more intense the heat (E). The size of your
body (q) determines the total force of heat you experience.

Example: Calculate the electric field strength at a point 2 meters away from a standalone source charge
of 4 x 10° C:
E=(9x10%x 4 x10°) /2% =36,000/4 =9,000 N/C

3. Current and Potential Difference (Voltage)

Tracks the rate of charge flow over elapsed time and the potential work done per unit charge moving
between points.

Formulas: 1=Q /At and V=W/Q
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Where: | = Current (Amperes, A), Q = Electric Charge (C), At = Time change (s), V = Voltage (Volts, V), W
= Work Done / Energy Transferred (J).

Analogy: Think of an electric circuit like an hour-glass timer filled with sand. Current (1) is the speed at
which individual grains of sand drop through the narrow gap. Voltage (V) is the physical height drop
forcing the sand grains down.

Example: If 12 Coulombs of charge pass through a copper light filament over 4 seconds driven by an
energy expenditure of 60 Joules:

Current: 1=12C/4s=3A

Voltage: V=60J/12C =5V

4. Ohm's Law and Total Circuit Resistance

Governs circuit behavior based on electrical friction. Explores how series configurations stack up while
parallel networks create alternative bypass paths.

Formulas: R=V /I | Series: RS = Rl + R2 +.. | Parallel: l/RID = 1/R1 + 1/R2 + ..
Where: R = Electrical Resistance (Ohms, Q).

Analogy: Imagine traffic passing through a toll gate booth. Connecting toll booths in a Series path forces
cars through booth after booth, clogging up traffic (higher total resistance). Connecting booths in Parallel
opens up extra toll lanes side-by-side, easing congestion and making it easier for traffic to clear out (lower
total resistance).

Example: A 6 Q resistor and a 3 Q resistor are connected in parallel to a 12V battery source:
1/Rp =1/6+1/3=1/6 +2/6 =3/6 - Rp =6/3 = 2 Q total resistance.
Total Current: |=V/R=12V/2Q=6A

5. Electrical Power and Cost Energy Consumption

Quantifies structural energy conversions per second and real-world commercial electricity utility tracking
expenses.

Formulas: P =V =1°R=V?R and Energy (kWh) = Power (kW) x Time (hours)

Where: P = Power (Watts, W), Energy consumption units are generally expressed commercially in
kilowatt-hours (kWh).

Analogy: Electrical Power is like the water output flow rate of a high-pressure jet sprayer cleaning a patio
floor. The total water structural cost over an afternoon depends on both how high you cranked the power
dial and exactly how many hours you held the trigger down.

Example: An electric space heater rated at 2,000 Watts (2 kW) runs continuously for 5 hours. If utility
power costs R3.00 per kWh, find the operating cost:
Energy = 2 kW x 5 hours = 10 kWh
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Cost = 10 kWh x R3.00 = R30.00 total expense
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