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Chapter summary
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Kirchhoff’s rule



Example 3
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𝜀 = 8.0	𝑉, 𝑅! = 3.0Ω, 𝑅" = 2.0Ω, &	𝑅# can vary between	3.0Ω and 6.0Ω. 
1) For what value of 𝑅# is the power dissipated by 𝑅! the greatest? 
2) What is that power?



Charging a Capacitor
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Kirchhoff’s loop rule:



Charging a Capacitor
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Kirchhoff’s loop rule:

𝑑 𝑞 − 𝐶𝜖
𝑑𝑡

= −
1
𝑅𝐶

(𝑞 − 𝐶𝜖)
𝑑 𝑞 − 𝐶𝜖
𝑞 − 𝐶𝜖

= −
𝑑𝑡
𝑅𝐶

ln 𝑞 − 𝐶𝜖 = −
𝑡
𝑅𝐶

+ 𝑐𝑜𝑛𝑠𝑡′

𝑞 − 𝐶𝜖 = 𝑐𝑜𝑛𝑠𝑡	 ∗ 	𝑒!
"
#$

With initial condition t=0, q=0, 𝑐𝑜𝑛𝑠𝑡 is fixed to −𝐶𝜖.
𝑞 = 𝐶𝜖(1 − 𝑒!"/#$)



Charging a Capacitor
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The charging speed decays as a function of time…

Like a really really hungry guy walking into a buffet…
Initially, he eats as fast as he could because he is so hungry.
He gradually slow down eating as he is not that hungry, 
until he is completely full…



Charging a Capacitor
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Time constant: 𝜏 = 𝑅𝐶

𝜏 is a measure of how quickly the capacitor charges.



Discharging a Capacitor
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The negative sign of the current 𝑖 indicates 
it’s flowing opposite to the purple arrows



Notes
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Basic principle: Capacitor resists rapid changes in Q & V

Charging 
o Initially, the capacitor behaves like a wire (V = 0, since Q = 0). 
o As current starts to flow, charge builds up on the capacitor.
1) it then becomes more difficult to add more charge
2) the current decreases 
o After a long time, the capacitor behaves like an open switch.

Discharging 
o Initially, the capacitor behaves like a battery. 
o After a long time, the capacitor behaves like a wire.



Example
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A 8.00 μF capacitor that is initially uncharged is connected in series with a 4.00 Ω resistor 
and an emf source with E = 50.0 V and negligible internal resistance.

Q: At the instant when the resistor is dissipating electrical energy at a rate of 400 W, how 
much energy has been stored in the capacitor?

Hint: Energy stored in a capacitor is 𝑈 = &!

'$
= (

'
𝐶𝑉' = (

'
𝑄𝑉



Example

11

The capacitor in (Figure 1) is initially uncharged. The switch is closed at t=0.

a) Immediately after the switch is closed, what is the current through the resistor R1, R2, R3?
b) What is the final charge on the capacitor?



Example
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You connect a battery, resistor, and capacitor as in (Figure 1), where E = 46.0 V, C = 5.00 μF, 
and R = 120 Ω. The switch S is closed at t = 0. When the voltage across the capacitor is 8.00 V

a) What is the magnitude of the current in the circuit?
b) What is t?            
c) At what rate is energy being stored in the capacitor?


