Different RC Circuit 

Let us consider a RC circuit.  The capacitor is initially charged (q(t) = q_0), and there is no source of EMF in the circuit.  We will assume that the top plate of the capacitor initially holds positive charge.  For this circuit, Kirchoff's loop rule gives IR + q/C = 0, or IR = -q/C. 

Find the current I(t) as a function of time for this circuit. 


Express your answer in terms of q_0, C, t, R, and e. 

Again i'm totally lost 

I know i have to integrate something but i don't know what or how. 

Thank you!!! 
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Solution: 

The key point is that you first obtain the instantaneous charge i.e. the charge at a given time t, in terms of the initial charge q0 on the capacitor. Then differentiate the equation with respect to time and obtain the current I in terms of q0, C, R and time t. 
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----- (2)

Note that variables are properly separated to integrate the equation. In equation (2), the charge term is on left side, but as Rc means a time constant, and therefore the product Rc has the dimensions of time constant, we keep Rc on the right side only. 

Integrating equation (2), we get 
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-----(3) 
[ Note: ln means logarithm with the base e]


where ( is a constant of integration, to be found from the initial known conditions as follows. 

Equation (3) must be satisfied for all those values of time for which the capacitor charge gives non-zero values, i.e. from t = 0 to t ( (.

Initially, the capacitor is completely charged and so its charge at time t = 0 is q0. 

Hence equation (3) gives 
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i.e.
( = ln q0 

Using this value of (, eqution (3) gives
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i.e.
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i.e.
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The above equation (4) gives the charge q at time t that remains with the capacitor. 

[To verify this equation, just substitute t = 0 and see that the initial charge on the capacitor turns out to be the same i.e. q0 ]

Differentiating equation (4) with respect to time, we get 
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i.e.
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i.e. the current at time t. 
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This is the required equation. 

------------------------------------------------------ 

Just read an additional note on next page, especially written to understand the eqn.

Note: In equation (5), the term 
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 must have the dimensions of the current because the left side of the equation represents the current in the circuit at time t. 

If we substitute t = 0 in equation (5), we get 
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i.e. current at time t = 0. 

Hence equation (5) can also be written as 
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The negative sign to the I0 indicates that the current in the circuit decreases with increase in time. 

--------------------------------------------------------
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