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Switch open, no current flows.

Charging a Capacitor

Close switch, current flows.

Apply Kirchoff’s loop rule* 
(green loop) at the instant 
charge on C is q.

*Convention for capacitors is “like” batteries: negative if going across from + to -.
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This equation is 
deceptively 
complex because 
I depends on q 
and both depend 
on time.
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 = RC is the “time constant” of the circuit; it tells us “how 
fast” the capacitor charges and discharges.
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Why not just 
solve this for 
q and I?









Capacitor charged, switch 
open, no current flows.

Discharging a Capacitor
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Close switch, current flows.

t>0
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Apply Kirchoff’s loop rule* 
(green loop) at the instant 
charge on C is q.

*Convention for capacitors is “like” batteries: positive if going across from - to +.
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Math:
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negative because 
charge decreases



More math:
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as for charging







Notes
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This is for charging a capacitor.
/R = I0 = Imax is the initial current, 
and depends on the charging emf 
and the resistor.
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This is for discharging a capacitor. 
I0 = Q/RC, and depends on how 
much charge Q the capacitor 
started with.

I0 for charging is equal to I0 for discharging only if the 
discharging capacitor was fully charged.



Notes

In a series RC circuit, the same current I flows through both 
the capacitor and the resistor. Sometimes this fact comes in 
handy.

In a series RC circuit, where a source of emf is present (so 
this is for capacitor charging problems)...

R CV  + V  = V

R CV  = V - V  = IR

 CV - V
I  =  

R

Any technique that begins with a starting equation and is worked 
correctly is acceptable, but I don’t recommend trying to memorize a 
bunch of special cases. Starting with I(t) = dq(t)/dt  always works.

Vc and I must be at the same instant in time for this to work.



Notes

In a discharging capacitor problem...

R CV  = V = IR

CV
I = 

R

So sometimes you can “get away” with using V = IR, where V 
is the potential difference across the capacitor (if the circuit 
has only a resistor and a capacitor).

Rather than hoping you get lucky and “get away” with using 
V = IR, I recommend you understand the physics of the 
circuit!


