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All mobile devices are not allowed during examination.
Abu Dhabi Polytechnic considers cheating or attempting to cheat a serious offense that will result in
disciplinary action taken against involved individuals.

Formulae
𝑖𝑐 = 𝑐. 𝑣′𝑐
𝑣𝐿 = 𝐿. 𝑖′𝐿
1
𝑤𝑐 = 𝑐. 𝑣𝑐2
2
1
𝑤𝐿 = 𝐿. 𝑖𝐿2
2
Standard form of 1st order differential equation:
𝑦 ′ (𝑡) + 𝑝(𝑡). 𝑦(𝑡) = 𝑞(𝑡)
𝜇(𝑡) = 𝑒 ∫ 𝑝(𝑡)𝑑𝑡
Solution for the 1st order differential equation:
𝑦(𝑡) =

1
𝑐
∫ 𝜇(𝑡). 𝑞(𝑡)𝑑𝑡 +
𝜇(𝑡)
𝜇(𝑡)

Solution for the 1st order total transient response:
𝐹(𝑡) = 𝐹𝑓 + 𝐴𝑒 𝑠𝑡 = 𝐹𝑓 + (𝐹(0) − 𝐹𝑓 )𝑒 𝑠𝑡
𝐹𝑓 𝑖𝑠 𝑡ℎ𝑒 𝑓𝑜𝑟𝑐𝑒𝑑 𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒, 𝐹(0) 𝑖𝑠 𝑡ℎ𝑒 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒
Natural response for 2nd order systems:
If the roots are real and distinct: 𝐹(𝑡) = 𝐴1 𝑒 𝑠1𝑡 + 𝐴2 𝑒 𝑠2𝑡
If the roots are complex: 𝐹(𝑡) = 𝐵𝑒 𝛼1𝑡 . 𝑠𝑖𝑛(𝑤𝑛 𝑡 + 𝛽)
Energy transfer:
𝑤𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟𝑟𝑒𝑑 = ∫ 𝑣(𝑡). 𝑖(𝑡)𝑑𝑡
w is the energy in all cases.

1. Find the solution for the input current in the circuit given below. [CLO: 1,2]

The switch stays closed. 𝐿1 = 20 𝑚𝐻, 𝐿2 = 40 𝑚𝐻, 𝐿3 = 60 𝑚𝐻, 𝑅1 = 22 Ω = 𝑅2 . Let 𝑉𝑠 =
10 𝑉.
a) Simplify the circuit and show the reduced equivalent circuit. Also calculate the time
constant of the system. [6]

b) Using your answer to a), write the differential equation for the circuit and solve for the
input current 𝑖𝑠 (𝑡). [10]

c) Derive an expression for the total energy transferred from the source (hint: use your
answer to b) and use the power-integral equation to obtain an expression for the energy
transfer) [10]

2. Consider the 2nd order system shown below. [CLO 3,4]

a) Find the roots of the system. [6]

b) Write down the equation for the natural response of the source current using your
answer to a). [2]

c) What will be the steady-state voltage of the capacitor (t->∞) ? [4]

3. You need to calculate the total response of the voltage [𝑉𝑥 (t)] across the 3k ohm
resistor. Consider the circuit given below. [CLO: 4,6]

The switch is initially open and closes at t = 0.
a) Find the roots of the system and the time constant for voltage 𝑉𝑥 . [6]

b) Find the forced response of the voltage 𝑉𝑥 . [4]

c) Find the independent conditions of the circuit. [4]

d) Find the dependent initial condition of 𝑉𝑥 if needed. [4]

e) Find the total response of the voltage 𝑉𝑥 using all your previous answers. [4]

BONUS
Find the expression for the energy transferred to the 3k resistor using your answer to previous
question.

