RC Circuits

Lesson 18 - Module 1 — First-Order Modelling - Differential Equations - dailymaths.uk/diffeq

Practice problems

1. A circuit consists of a 12 V battery, a 20012 resistor, and a 0.01 F capacitor. Find the time
constant 7 and the charge ¢(t) at t = 3 s if the capacitor starts empty.

2. A capacitor with an initial charge of 0.8 C is discharged through a resistor of 100£2 and a capacitor
of 0.05 F. How long does it take for the charge to drop to 0.2 C?

3. In a charging RC circuit, the charge reaches 0.05 C at ¢ = 1 s and 0.08 C at t = 2 s, starting
from ¢(0) = 0. Find the time constant 7 and the source voltage V if R = 1002.



Solutions

1. A circuit consists of a 12 V battery, a 20012 resistor, and a 0.01 F capacitor. Find the time
constant 7 and the charge ¢(t) at t = 3 s if the capacitor starts empty.

Calculate 7 = RC =200 x 0.01 =2 s.

Calculate Qe = CV =0.01 x 12 =10.12 C.

Use the charging formula ¢(t) = 0.12(1 — e~*/2).

Substitute ¢ = 3: ¢(3) = 0.12(1 — e 1) ~ 0.12(1 — 0.223) ~ 0.0932 C.

Answer: 7 =25s,¢(3) = 0.0932 C

2. A capacitor with an initial charge of 0.8 C is discharged through a resistor of 100€2 and a capacitor
of 0.05 F. How long does it take for the charge to drop to 0.2 C?

Calculate 7 = RC' =100 x 0.05 = 5 s.

Set up the discharge equation: 0.2 = (0.8e

Divide by 0.8: 0.25 = e~%/5.

e Take the natural log: In(0.25) = —t/5.

e Solve for t: t = —51n(0.25) = 51n(4) ~ 6.93 s.

—t/5.

Answer: t ~ 6.93 s

3. In a charging RC circuit, the charge reaches 0.05 C at ¢ = 1 s and 0.08 C at t = 2 s, starting
from ¢(0) = 0. Find the time constant 7 and the source voltage V' if R = 10012.
e Use the ratio ¢(2)/q(1) = (1 — e 2/7) /(1 — e 1/7).
e Let u=e /7. Then 0.08/0.05 = (1 — u?)/(1 —u) =1+ u.
e Solve foru: 1.6 =14+u = u=0.6.
e Solve for 7: ¢7/7 =0.6 = —1/7 =In(0.6) = 7= —1/1n(0.6) ~ 2.23 s.
e Find C: C =7/R =2.23/100 = 0.0223 F.
e Find Qmaz: 0.05 = Qaz(1 —0.6) = Qpaz = 0.05/0.4 =0.125 C.
o Find V: V = Qmae/C = 0.125/0.0223 ~ 5.61 V.

Answer: 7~ 2.23s,V 561V
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