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6.002 – Circuits & Electronics – Fall 2007
Problem Set #7 - SOLUTIONS P7.1 and P7.2

Problem 7.1

(A) Circuit: Inductor is connected to the voltage source.
i(t) = 1/L ∫Vdt = V/L t + K and since i(0) = 0 --> K = 0 
--> i(t) = V/L t and v(t) = 0 for 0 ≤ t ≤ T1

(B) Circuit: Inductor is connected to the capacitor.
v(t) = L di/dt = L d/dt (-C dv/dt) = -LC d2v/dt2 

--> d2v/dt2 + 1/LC v = 0
v(t) = A cos [ω(t-T1)] + B sin [ω(t-T1)] and ω = 1/√(LC)
i(t) = -C dv/dt = CAω sin [ω(t-T1)] - CBω cos [ω(t-T1)]
We know from before at t=T1: 
v(T1) = 0 --> A = 0 and 
i(T1) = V/L T1= -CBω --> B = -V/L T1/(Cω)

Therefore: 
v(t) = -T1/√(LC) sin [(t-T1)/√(LC)] and 
i(t) = V/L T1 cos [(t-T1)/√(LC)] for T1 ≤ t ≤ T2
For T2 it is required that: i(T2) = 0 
--> (T2-T1)/√(LC) = π/2 --> T2 = π/2 √(LC) + T1

(C) Circuit: All three elements are disconnected.
 v(T2) = -VT1/√(LC) and i(T2) = 0

Therefore: 
v(t) = -VT1/√(LC) and 
i(t) = 0 for T2 ≤ t ≤ T3

(D) Circuit: Inductor is connected to the voltage source. Using information from part (A):
i(t) = V/L(t-T3) and 
v(t) = v(T3) = v(T2) = -VT1/√(LC) for T3 ≤ t ≤ T4

(E) Circuit: Inductor is connected to the capacitor.
Using information from part (B): d2v/dt2 + 1/(LC) v = 0
v(t) = A cos [ω(t-T4)] + B sin [ω(t-T4)] and ω = 1/√(LC)
i(t) = CAω sin [ω(t-T4)] - CBω cos [ω(t-T4)]

We know that at T4: v(T4) = -VT1/√(LC) --> A = -VT1/√(LC)
i(T4) = V/L (T4-T3) --> V/L (T4-T3) = -CBω --> B = V/L (T4-T3)/(Cω)

Therefore: 
v(t) = -VT1/√(LC) cos [(t-T4)/√(LC)] - V(T4-T3)/√(LC) sin [(t-T4)/√(LC)] and
i(t) = -VT1/L sin [(t-T4)/√(LC)] + V(T4-T3)/L cos [(t-T4)/√(LC)] for T4 ≤ t ≤ T5

We know that at T5: i(T5) = 0 
--> VT1/L sin [(T5-T4)/√(LC)] = V(T4-T3)/L cos [(T5-T4)/√(LC)]
tan [1/√(LC)(T5-T4)] = (T4-T3)/T1 
--> T5 = √(LC) tan-1 [(T4-T3)/T1] + T4
v(T5) = -VT1/√(LC) cos [(T5-T4)/√(LC)] - V(T4-T3)/√(LC) sin [(T5-T4)/√(LC)] ... 
v(T5) = -V √[T1

2 + (T4-T3)2]/√(LC)



(F)

Problem 7.2

(A) EL = 1/2 L i2(t) = 1/2 L i2(T1) = 1/2 L (V/L T1)2 = 1/2 V2 T1
2 / L

(B) EL = EC = 1/2 C v2(t) = 1/2 C v2(T2) --> 1/2 V2 T1
2 / L = 1/2 C v2(T2) --> v(T2) = -VT2/√(LC)

Negative solution is selected because of the direction of current i.

(C) EL = 1/2 L i2(T4) = 1/2 L V2/L2 (T4-T3)2 = 1/2 V2 (T4-T3)2 / L

(D) EL + 1/2 C v2(T2) = EC --> 1/2 V2 (T4-T3)2 / L + 1/2 C v2(T2) = 1/2 C v2(T5)
 v(T5) = -V/√(LC) √[(T4-T3)2 + T1

2]

(E) From part (D), we see that if (T4-T3) = T1 then: v(T5) = -V/√(LC) √(T1
2 + T1

2) = -VT1/√(LC) √(2)
 Hence, a�er n switching cycles: v(nT1) = -VT1/√(LC) s√(n) = -VT1 √(n/(LC))






















