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Module 10 Worksheet

Problem 1. The following figure shows two circuits contained inside a black box, with an equivalent voltage output.
Assume you do not know what is inside of these two boxes. Propose a way to identify which one is the Thevenin
Equivalent and which one is the Norton Equivalent. Hint : You do not have to do any math to find the answer, and
you do not have to know about the Thevenin-Norton Theorem.
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6. Suppose you have a Thevenin and a Norton equivalent circuit as shown below inside 

a box. Only the two terminals of each circuit is accessible. Propose a way to find out 

which one is Norton, which one is Thevenin. 
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7. In the circuit below; 

a. Find the Norton equivalent on the right side of nodes a-a’ and calculate the 

current ݅. 

b. Repeat a using super-position. 

Hint: What linear element the dependent source can be replaced with?  
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8. (Optional) Show that the equivalent inductance (ܮ௘௤) for the circuit shown is ܮ௘௤ =

ଵܮ +
௅మ௅యିெమ

௅మశ௅యିଶெ
. Argue why ܮ௘௤ cannot be negative for a physical realization of the 

inductors. 

Problem 2. What is the solution to the following differential equation? Let y = 1 at t = 0.

dy

dt
+ 2y = 0

Problem 3. What is the solution to the following differential equation? Let y = 0 and dy
dt = −1 at t = 0.

d2y

dt2
+ 3

dy

dt
+ 2y = 0

Problem 4. Assume you have a series RLC circuit with a sinusoidal current source described by the following
function.

i(t) = α cos(γt+ φ)

Derive expressions for vL, vc, and vR as a function of time. Also, please explain the behavior of the capacitor and
inductor at steady state (t→∞).

Problem 5. Your team is building a small scale bioreactor to support your bacterial cell colony. An image of the
bioreactor is shown below.

The bacteria you are harvesting converts glucose (G) into drug (D) through a first order reaction at a rate of k.
Every few hours, a researcher adds media at a rate of Qin with a glucose concentration of CG,in. At t = 0, there is
a volume V0 of media in the bioreactor and the glucose concentration is CG0.
What type of bioreactor is this? Write an expression for the rate of change of moles of glucose in your bioreactor at
t = t1.
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