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c) Assume ideal Op-amp characteristics. Given that ࢏󏿿(૙ି) =  ૚ 򟿿. Find 󿿿૙ �𿿿 ࢚ = ૚. ૝ ࢙ࢉࢋ. 
Assume that voltage source stays at 2 v for ૙ ≤ ࢚ ≤ ૛, and zero otherwise. [5]

 
 
 
 
 

Solution:

Mark Scheme Q4 part c:
Used inductor current equation from formula sheet -> 1-mark,
Correct working of KCL/Ohm’s Law, integral function, limits and initial condition -> 3 mark
Seen -4t-10 or equivalent -> 1 mark
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Solution to the Most Important OpAmp , RC, RL & RLC Exam 
Oriented Problems 



Analyse the following cascaded OP-AMP circuit and determine 𝑣0 , I1 and I2  

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



➢ 3 More Problems on Opamp have been covered at the end 

RC, RL , RLC and Opamp with 
Capacitor and Inductor 

 



 



 

 

 



 

 



 

 



 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 



 

 

 

 



1. Before opening switch: 𝒕 = 𝟎− 

Switch has been closed for a long time, so the inductor acts like a short circuit. 

 

 

 

 

 

 

 

 

Right side has no source, so no current flows in 3Ω, 15Ω, 2Ω are shorted out. 

On left side, the node after 15Ω sees: 

50Ω ∥ 50Ω = 25Ω 
 

So, node voltage is: 

𝑉𝐴 = 80 (
25

15 + 25
) = 80 (

25

40
) = 50𝑉 

 

Current through the top 50Ω resistor is: 



𝑖𝐿(0
−) =

50

50
= 1𝐴 

 

So, 

𝑖𝐿(0
+) = 𝑖𝐿(0

−) = 1𝐴 
 

Inductor current cannot change instantly. 

 

2. After opening switch: 𝒕 > 𝟎 

Left side is disconnected. The inductor discharges through the right-side resistors: 

𝑅eq = 3 + 15 + 2 = 20Ω 
 

Time constant: 

𝜏 =
𝐿

𝑅𝑒𝑞
=
0.2

20
= 0.01𝑠 

 

So, inductor current is: 

𝑖𝐿(𝑡) = 𝐼𝐿(0)𝑒
−𝑡/𝜏 

𝑖𝐿(𝑡) = 𝑒−100𝑡𝐴 
 

3. Find 𝒗𝒐(𝒕) 

The inductor current is downward, so the resistor-loop current flows opposite direction. 
Therefore, current through the 15Ωresistor is upward, opposite to the marked +to 
−polarity. 

So, 

𝑣𝑜(𝑡) = −𝐼𝐿(𝑡)𝑅 = −(15)(𝑒−100𝑡) 

𝑣𝑜(𝑡) = −15𝑒−100𝑡 V  

 

Negative sign means the bottom of the 15Ωresistor is actually at higher potential than the 
top. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Each capacitor: 

𝐶 = 10 mF = 0.01𝐹 
 

Each resistor: 

𝑅 = 0.5𝑘Ω = 500Ω 
 

Supply voltage: 

𝑉𝑠 = 10𝑉 
 

For capacitor charging: 

𝑉𝐶 = 𝑉𝑠(1−𝑒
−𝑡/𝑅𝐶) 



 

 

Important point 

6.32𝑉 = 63.2% of 10𝑉 
 

And a capacitor reaches 63.2%of final voltage in one time constant. 

So, when capacitor voltage reaches 6.32𝑉, 

𝑡 = 𝜏 = 𝑅𝐶 
 

 

Step 1: Time for 𝑪𝟐 

After 𝑆1moves to 𝑏, 𝐶2charges through two resistors: 

𝑅 = 0.5𝑘 + 0.5𝑘 = 1𝑘Ω 
𝜏2 = 𝑅𝐶 = (1000)(0.01) = 10𝑠 

 

So, 

𝑡2 = 10𝑠 
 

 

Step 2: Time for 𝑪𝟑 

Now 𝐶3charges through three resistors: 

𝑅 = 0.5𝑘 + 0.5𝑘 + 0.5𝑘 = 1.5𝑘Ω 
𝜏3 = 𝑅𝐶 = (1500)(0.01) = 15𝑠 

 

So, 

𝑡3 = 15𝑠 
 

 

 



Step 3: Time for 𝑪𝟒to become greater than 𝟗. 𝟗𝑽 

Now 𝐶4charges through four resistors: 

𝑅 = 0.5𝑘 + 0.5𝑘 + 0.5𝑘 + 0.5𝑘 = 2𝑘Ω 
𝜏4 = 𝑅𝐶 = (2000)(0.01) = 20𝑠 

 

For 𝐶4: 

9.9 = 10(1−𝑒−𝑡/20) 
 

Divide by 10: 

0.99 = 1 − 𝑒−𝑡/20 
𝑒−𝑡/20 = 0.01 

 

Taking natural log: 

−
𝑡

20
= ln⁡(0.01) 

𝑡 = 20ln⁡(100) 
𝑡 = 92.1𝑠 

 

 

Total time after 𝒕 = 𝟎 

𝑇 = 𝑡2 + 𝑡3 + 𝑡4 
𝑇 = 10 + 15 + 92.1 
𝑇 = 117.1𝑠  

 

 

If the question wants time starting from the very beginning when 𝐶1was also initially 
uncharged, then add time for 𝐶1: 

𝜏1 = (500)(0.01) = 5𝑠 
𝑇 = 5 + 10 + 15 + 92.1 
𝑇 = 122.1𝑠  

 



 

 

1. Before switch closes: 𝑨𝒕⁡𝒕 = 𝟎− (Compute  𝒊𝑳(𝟎−)⁡&⁡⁡𝒗𝑪(𝟎−)⁡𝒇𝒊𝒓𝒔𝒕 

Switch is open for a long time, so: 

• Inductor acts as short circuit.  

• Capacitor acts as open circuit.  

The 2𝑚𝐴 current flows through 1𝑘Ω, then through 100Ωand inductor. 

So, 

𝑖𝐿(0
−) = 2𝑚𝐴 

 

Therefore, 

𝑖𝐿(0
+) = 2𝑚𝐴 

 

Voltage across 100Ω: 

𝑉𝐴 = 𝐼𝑅 = (2𝑚𝐴)(100) = 0.2𝑉 
 

 

 
 



For capacitor: 𝑣𝐶(0−), Apply KVL in the RHS Open Loop (Current = 0A due to Open Loop) 

 
−𝑉𝐴 + 𝑣𝐶(0

−) + 15 = ⁡0 

Hence, 

𝑣𝐶(0
−) = 0.2 − 15 = −14.8𝑉 

 

So, 

𝑣𝐶(0
+) = −14.8𝑉 

 

 

Step 2: After switch closes, 𝒕 ≥ 𝟎 

The switch shorts the top and bottom nodes. 

The switch current 𝑖(𝑡)has three contributions: (Apply KCL at Top Node) 

−2𝑚𝐴 + 𝑖(𝑡) + 𝑖𝐿(𝑡) + 𝑖𝐶(𝑡) = 0 

𝒊(𝒕) = 𝟐𝒎𝑨 − 𝒊𝑳(𝒕) − 𝒊𝑪(𝒕)---------------------------------------→ (1) 
 

 

Inductor branch 

The inductor discharges through 100Ω. 

𝜏𝐿 =
𝐿

𝑅
=

2

100
= 0.02𝑠 

𝑖𝐿(𝑡) = 2𝑚𝐴𝑒−𝑡/0.02 
𝑖𝐿(𝑡) = 2𝑚𝐴𝑒−50𝑡 

 

 

Capacitor branch 

For the right branch: 

𝑅 = 10𝑘 + 15𝑘 = 25𝑘Ω 
𝜏𝐶 = 𝑅𝐶 = (25𝑘)(2𝜇𝐹) = 0.05𝑠 



 

Final capacitor voltage: 

𝑣𝐶(∞) = −15𝑉 
As  

𝑣𝐶(𝑡) = 𝑣𝐶(∞) + [𝑣𝐶(0) − 𝑣𝐶(∞)]𝑒
−
𝑡
𝜏𝐶 = −15 + (−14.8 − (−15))𝑒−20𝑡 = −15 + 0.2𝑒−20𝑡 

So: 

𝑣𝐶(𝑡) = −15 + 0.2𝑒−20𝑡 
 

Capacitor current: 

𝑖𝐶 = 𝐶
𝑑𝑣𝐶
𝑑𝑡

 

𝑖𝐶 = (2𝜇𝐹)(−4𝑒−20𝑡) 
𝑖𝐶 = −8𝜇𝐴𝑒−20𝑡 

 

Negative sign means actual current enters the top node from the right branch. 

 

Step 3: Thus Eqn. (1) becomes 

𝑖(𝑡) = 2𝑚𝐴 − 𝑖𝐿(𝑡) − 𝑖𝐶(𝑡) 
𝑖(𝑡) = 2𝑚𝐴 − 2𝑚𝐴𝑒−50𝑡 − (−8𝜇𝐴𝑒−20𝑡) 

𝑖(𝑡) = 2𝑚𝐴 − 2𝑚𝐴𝑒−50𝑡 + 8𝜇𝐴𝑒−20𝑡  

 

Final answer: 

𝑖(𝑡) = 2𝑚𝐴 − 2𝑚𝐴𝑒−50𝑡 + 8𝜇𝐴𝑒−20𝑡 ⁡, 𝑡 > 0 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 



 

 

Before switching, the circuit has been connected for a long time, so it is in steady state at 
𝑡 = 0−. 

For DC steady state: 

• An inductor behaves like a short circuit.    

• The switch is open before 𝑡 = 0. 

 

 

 

 

 

 

 

 

 

 



Hence the current through the inductor is 

𝑖𝐿(0
−) =

10

5
= 2𝐴 

 

Therefore, 

𝑖𝐿(0
−) = 2𝐴  

At 𝑡 → ∞: the circuit will look like 

 

 

 

 

 

 

 

 

𝑖𝐿(∞) = 2𝐴  

 

 

 

 

 

 

 

 

 

 

 



 

 

Before switching, the switch is at position 1 for a long time. 

The capacitor is connected to the 10 V source through the 1 𝑘Ωresistor. 

At steady state: 

• capacitor behaves like an open circuit  

• no current flows through the 1 𝑘Ω resistor  

• therefore, no voltage drops across the resistor  

Hence the capacitor charges fully to the source voltage: 

𝑣𝐶(0
−) = 10𝑉  

 

After switching at t = 0s to position 2 and waiting a long time (𝑡 → ∞): 

Again, the capacitor behaves as an open circuit. 

So, no current flows through the 1500Ω resistor either, meaning no voltage drop across it. 

Therefore, the capacitor voltage equals the voltage at the right node. 



Now analyze the right-side network: 

𝑉 = 𝐼𝑅 
𝑉 = (10 𝑚𝐴)(500Ω) 
𝑉 = (0.01)(500) = 5𝑉 

 

Thus: 

𝑣𝐶(∞) = 5𝑉  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Given: 

𝑣(𝑡) = −1800𝑒−20𝑡 V 
 

For both inductors, current directions are upward, but voltage polarity is + at top, - at 
bottom. 

So current enters the negative terminal of each inductor. Therefore: 

𝑣(𝑡) = −𝐿
𝑑𝑖

𝑑𝑡
 

 

So, 

𝑑𝑖

𝑑𝑡
= −

𝑣(𝑡)

𝐿
 

 

 

a) Find 𝒊𝟏(𝒕) 

For 𝐿1 = 10𝐻: 

𝑑𝑖1
𝑑𝑡

= −
−1800𝑒−20𝑡

10
 

𝑑𝑖1
𝑑𝑡

= 180𝑒−20𝑡 

 

Integrate: 



𝑖1(𝑡) = 𝑖1(0) + ∫ 180
𝑡

0

𝑒−20𝑥𝑑𝑥 

𝑖1(𝑡) = 4 + 180 [
1 − 𝑒−20𝑡

20
] 

𝑖1(𝑡) = 4 + 9(1 − 𝑒−20𝑡) 

𝑖1(𝑡) = 13 − 9𝑒−20𝑡 A  

 

 

b) Find 𝒊𝟐(𝒕) 

For 𝐿2 = 30𝐻: 

𝑑𝑖2
𝑑𝑡

= −
−1800𝑒−20𝑡

30
 

𝑑𝑖2
𝑑𝑡

= 60𝑒−20𝑡 

𝑖2(𝑡) = 𝑖2(0) + ∫ 60
𝑡

0

𝑒−20𝑥𝑑𝑥 

𝑖2(𝑡) = −16 + 60 [
1 − 𝑒−20𝑡

20
] 

𝑖2(𝑡) = −16 + 3(1 − 𝑒−20𝑡) 

𝑖2(𝑡) = −13 − 3𝑒−20𝑡 A  

 

 

c) Energy delivered to black box 

Current, entering the black box: 

𝑖(𝑡) = 𝑖1 + 𝑖2 
𝑖(𝑡) = (13 − 9𝑒−20𝑡) + (−13 − 3𝑒−20𝑡) 
𝑖(𝑡) = −12𝑒−20𝑡 

 

Power delivered to black box: 

𝑝(𝑡) = 𝑣(𝑡)𝑖(𝑡) 
𝑝(𝑡) = (−1800𝑒−20𝑡)(−12𝑒−20𝑡) 
𝑝(𝑡) = 21600𝑒−40𝑡 

 



Energy: 

𝑊 = ∫ 21600
∞

0

𝑒−40𝑡𝑑𝑡 

𝑊 = 21600 [
1

40
] 

𝑊 = 540 J  
 

 

d) Initial energy stored in inductors 

Formula: 

𝑊 =
1

2
𝐿𝑖2 

 

For 10 H inductor: 

𝑊1 =
1

2
(10)(4)2 = 80𝐽 

 

For 30 H inductor: 

𝑊2 =
1

2
(30)(−16)2 

𝑊2 = 3840𝐽 
 

Total: 

𝑊𝑇 = 80 + 3840 
𝑊𝑇 = 3920 J  

 

Final answers: 

𝑖1(𝑡) = 13 − 9𝑒−20𝑡 A  

𝑖2(𝑡) = −13 − 3𝑒−20𝑡 A  

𝐸delivered = 540 J  

𝐸initial = 3920 J  

 



Find the expression for v(t), > 𝟎, i.e., the voltage across the switch after it has opened. 
[Note: 5u(t) means the voltage was 0 before t = 0 and 5V after it.] The two switches operate 
simultaneously as shown  

For 𝑡 < 0: 

5𝑢(𝑡) = 0𝑉 
 

So, there is no source before switching. Therefore: 

𝑣𝐶(0
−) = 0 

𝑖𝐿1(0
−) = 0, 𝑖𝐿2(0

−) = 0 
 

By continuity: 

𝑣𝐶(0
+) = 0 

𝑖𝐿1(0
+) = 0, 𝑖𝐿2(0

+) = 0 
 

 

After 𝑡 = 0, the switch opens, so: 

𝑣(𝑡) = 𝑉left − 𝑉right 



 

Left side 

The left side contains 10𝑚𝐻, 5𝜇𝐹, and 2𝑘Ω, but there is no source. 

Also: 

𝑣𝐶(0
+) = 0, 𝑖𝐿(0

+) = 0 
 

So, the left side has zero initial energy. 

Therefore: 

𝑉left(𝑡) = 0 
 

 

Right side 

The right side is a first-order RL circuit. 

At 𝑡 = 0+, the inductor acts as an open circuit: 

𝑉right(0
+) = 0 

 

At 𝑡 = ∞, the inductor acts as a short circuit. So, using voltage divider: 

𝑉right(∞) = 5 (
2𝑘

0.5𝑘 + 2𝑘
) 

𝑉right(∞) = 5 (
2000

2500
) 

𝑉right(∞) = 4𝑉 
 

Now: 

𝜏 =
𝐿

𝑅𝑡ℎ
 

𝑅𝑡ℎ = 0.5𝑘 + 2𝑘 = 2500Ω 

𝜏 =
5𝑚𝐻

2500
 

𝜏 =
0.005

2500
= 2 × 10−6𝑠 



 

So: 

𝑉right(𝑡) = 𝑉(∞) + [𝑉(0+) − 𝑉(∞)]𝑒−𝑡/𝜏 

𝑉right(𝑡) = 4 + (0 − 4)𝑒−𝑡/(2×10
−6) 

𝑉right(𝑡) = 4(1−𝑒−500000𝑡) 
 

 

Since: 

𝑣(𝑡) = 𝑉left − 𝑉right 
𝑣(𝑡) = 0 − 4(1−𝑒−500000𝑡) 

𝑣(𝑡) = −4(1−𝑒−500000𝑡)𝑉, 𝑡 > 0  

 

or: 

𝑣(𝑡) = 4𝑒−500000𝑡 − 4 V  

 

 

 



After switch opens: 

𝑣𝑠(𝑡) = 𝑣2(𝑡) − 𝑣1(𝑡) 
 

Right side has no source and no initial energy, so: 

𝑣1(𝑡) = 0 
 

Therefore: 

𝑣𝑠(𝑡) = 𝑣2(𝑡) 
 

Now solve the left side as a series RLC circuit. 

Given: 

𝑅 = 2000Ω 
𝐿 = 10𝑚𝐻 = 0.01𝐻 
𝐶 = 5𝜇𝐹 = 5 × 10−6𝐹 

 

For series RLC: 

𝛼 =
𝑅

2𝐿
 

𝛼 =
2000

2(0.01)
 

𝛼 = 100000 𝑠−1 
 

Also: 

𝜔0 =
1

√𝐿𝐶
 

𝜔0 =
1

√(0.01)(5 × 10−6)
 

𝜔0 = 4472 𝑠−1 
 

Since: 

𝛼 > 𝜔0 
 



the circuit is overdamped. 

So: 

𝑣2(𝑡) = 𝑣2(∞) + 𝐴1𝑒
𝑠1𝑡 + 𝐴2𝑒

𝑠2𝑡, As 𝑣2(∞) = 0 because  
 

Thus ,  𝑣2(𝑡) = 𝐴1𝑒
𝑠1𝑡 + 𝐴2𝑒

𝑠2𝑡 

where: 

𝑠1,2 = −𝛼 ± √𝛼2 − 𝜔0
2 

𝑠1 = −100000 + √(100000)2 − (4472)2 
𝑠1 = −100.05 

𝑠2 = −100000 − √(100000)2 − (4472)2 
𝑠2 = −199899.95 

 

So: 

𝑣2(𝑡) = 𝐴1𝑒
−100.05𝑡 + 𝐴2𝑒

−199899.95𝑡 
 

At 𝑡 = 0+: 

𝑣2(0
+) = 0 

𝐴1 + 𝐴2 = 0 
 

Now find derivative at 𝑡 = 0+. 

At 𝑡 = 0+, capacitor behaves like a short circuit, and inductor current is initially zero. The 
full source voltage appears across the inductor: 

𝑣𝐿(0
+) = 5𝑉 

𝑣𝐿 = 𝐿
𝑑𝑖

𝑑𝑡
 

5 = 0.01
𝑑𝑖

𝑑𝑡
 

𝑑𝑖

𝑑𝑡
= 500 𝐴/𝑠 

 

Since: 



𝑣2 = 𝑅𝑖 
𝑑𝑣2
𝑑𝑡

= 𝑅
𝑑𝑖

𝑑𝑡
 

𝑑𝑣2
𝑑𝑡

= 2000(500) 

𝑑𝑣2
𝑑𝑡

= 106 𝑉/𝑠 

 

Now differentiate: 

𝑑𝑣2
𝑑𝑡

= 𝐴1𝑠1𝑒
𝑠1𝑡 + 𝐴2𝑠2𝑒

𝑠2𝑡 

 

At 𝑡 = 0+: 

𝐴1𝑠1 + 𝐴2𝑠2 = 106 
 

Since: 

𝐴2 = −𝐴1 
𝐴1(𝑠1 − 𝑠2) = 106 

𝐴1 =
106

−100.05 − (−199899.95)
 

𝐴1 = 5.005 
 

So: 

𝐴2 = −5.005 
 

Therefore: 

𝑣𝑠(𝑡) = 5.005𝑒−100.05𝑡 − 5.005𝑒−199899.95𝑡  

𝑣𝑠(𝑡) = 5.005(𝑒−100.05𝑡−𝑒−199899.95𝑡)𝑉, 𝑡 > 0  

 

Approximately: 

𝑣𝑠(𝑡) ≈ 5(𝑒−100𝑡−𝑒−2×10
5𝑡)𝑉  

 



 

1) Before 𝒕 = 𝟎 

Left switch is closed; right switch is open. 

At DC steady state, inductor acts like a short circuit. 

So, all source current flows through the inductor: 

𝑖𝐿(0
−) = 1𝐴  

 

Because inductor current cannot change suddenly: 

𝑖𝐿(0
+) = 1𝐴  

 

 

2) For 𝟎 < 𝒕 < 𝟏𝒎𝒔 

At 𝑡 = 0, left switch opens. The source is disconnected. 

 

Now we have a parallel RLC circuit. 

For parallel RLC: 

𝛼 =
1

2𝑅𝐶
 



𝛼 =
1

2(500)(5 × 10−6)
 

𝛼 = 200⁡𝑟𝑎𝑑𝑠−1 
Also: 

𝜔0 =
1

√𝐿𝐶
 

𝜔0 =
1

√(0.2)(5 × 10−6)
 

𝜔0 = 1000⁡𝑟𝑎𝑑𝑠−1 
Since: 

𝛼 < 𝜔0 

the response is underdamped. As the response of UD CCT. Is given as 

𝒊𝑳(𝒕) = 𝑩𝟏𝒆
−𝜶𝒕𝒄𝒐𝒔𝝎𝒅𝒕 + 𝑩𝟐𝒆

−𝜶𝒕𝒔𝒊𝒏𝝎𝒅𝒕   -----------→ Eqn. 1 

  Where,     𝜔𝑑 = √𝜔0
2 − 𝛼2 

𝜔𝑑 = √10002 − 2002 
𝜔𝑑 = 980⁡𝑟𝑎𝑑𝑠−1 

Thus , Eqn. 1 becomes,  

 𝒊𝑳(𝒕) = 𝑩𝟏𝒆
−𝟐𝟎𝟎𝒕𝒄𝒐𝒔𝟗𝟖𝟎𝒕 + 𝑩𝟐𝒆

−𝟐𝟎𝟎𝒕𝒔𝒊𝒏𝟗𝟖𝟎𝒕 ------→ Eqn. 2   

Now, we need initial conditions to find 𝑩𝟏 and 𝑩𝟐. 
 
Condition 1: At 𝑡 = 0, 𝑖𝐿(0) = 1𝐴, the above equation becomes by putting these values,  

𝑩𝟏 = 𝟎 

Condition 2: 𝑑𝑖𝐿
𝑑𝑡
⁡𝑎𝑡⁡𝑡 = 0⁡𝑠𝑒𝑐 

𝑑𝑖𝐿(0
+)

𝑑𝑡
=
𝑉𝐶(0

+)

𝐿
=
0

𝐿
= 0 

Differentiating Eqn. 2 , and putting above values, we get 
0 = −200𝐵1 + 980𝐵2 

⇒ 𝐵2 =
200

980
= 0.204 , Putting the values of B1 and B2 in Eqn. 2, We get 

𝑖𝐿(𝑡) = 𝑒−200𝑡cos⁡ 980𝑡 + 0.204 𝑒−200𝑡sin⁡ 980𝑡  

At 𝑡 = 1𝑚𝑠: the above eqn. becomes 

𝑖𝐿(0.001) = 𝑒−0.2cos⁡(0.98) + 0.204 𝑒−0.2sin⁡(0.98) 
= 𝑒−0.2[cos⁡(0.98) + 0.204sin⁡(0.98)] 



 

𝑖𝐿(1𝑚s) = 0.6𝐴  

 

 

3) For 𝒕 > 𝟏𝒎𝒔 

𝜏 =
𝐿

𝑅
=

0.2

500
= 0.4𝑚𝑠, 𝑖𝐿(∞) = 0𝐴 as seen through the circuit 

𝑖𝐿(𝑡) = 𝑖𝐿(∞) + [𝑖𝐿(1𝑚𝑠) − 𝑖𝐿(∞)]𝑒
−
(𝑡−𝑡0)

𝜏  

𝑖𝐿(𝑡) = 0 + [0.6−0]𝑒−
(𝑡−0.001)

0.0004 = 0.6 𝑒−2500𝑡𝑒2.5 

 

𝑖𝐿(𝑡) = 7.31𝑒−2500𝑡, 𝑡 > 1𝑚𝑠  

 

Final piecewise answer for 𝒕 ≥ 𝟎−𝒔 : 

𝑖𝐿(𝑡) = {
1𝐴, 𝑡 = 0−

𝑒−200𝑡cos⁡ 980𝑡 + 0.204 𝑒−200𝑡 sin 980𝑡 𝐴 0 ≤ 𝑡 < 1𝑚𝑠
7.31𝑒−2500𝑡𝐴, 𝑡 ≥ 1𝑚𝑠

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 



For above Question (a), estimate the Settling time. You do not need to use an iterative 
approach to find the exact value. Simply consider the term which accounts for settling the 
system response and neglect the term which decays earlier. 

 

 





 

For the circuit shown below, what should be the range of capacitance values ‘C’ for which 
the circuit will be underdamped? 
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For the following network, in how much time does the capacitor charges to 1V? The system 
is assumed to be in steady state (operating for a long time) for 𝑡⁡ < ⁡0⁡𝑎𝑛𝑑⁡𝑣𝐿(0

−) = 2𝑉, and 
𝐼𝐶(0

−) ⁡= 3𝐴 while all other initial conditions are zero (how these initial values were 
obtained is not of concern). 

 

 

 

 

 

 

 

 

 

 

 

 

 



 



 



 

 

The current i(t) for t > 0 is known to be 900e-2500t μA. Write correct formulas for v1(t) and v2(t). Do 
not solve them. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Current enters the negative terminal of both capacitors, so use: 

𝑖(𝑡) = −𝐶
𝑑𝑣

𝑑𝑡
 

𝑣(𝑡) = −
1

C
∫ 𝑖(𝑡)
𝑡

0

 𝑑𝜏 + 𝑣1(0
+) 

 

Given: 

𝑖(𝑡) = 900𝑒−2500𝑡 𝜇𝐴 
 

For capacitor 𝐶1: 

𝑣1(𝑡) = 45 −
1

𝐶1
∫ 900
𝑡

0

𝑒−2500𝜏 𝜇𝐴 𝑑𝜏  

 

For capacitor 𝐶2, note carefully: 

The given 15 V polarity is opposite to 𝑣2, therefore: 

𝑣2(0) = −15𝑉 
So: 

𝑣2(𝑡) = −
1

𝐶2
∫ 900
𝑡

0

𝑒−2500𝜏 𝜇𝐴 𝑑𝜏 − 15  

 

Here 𝐶1and 𝐶2should be in 𝜇𝐹. 

 

 

 

 

 

 

 



Given that the circuit below is to be used in critically damped configuration: 

i)  
ii)  

Find the precise value of R? 
What is iR before and after the switching time at t = 0? 

 

 

 

 

 

 

 

 

 

 

 

 

 



Current through 𝑹before switching 

Before 𝑡 = 0, resistor 𝑅is disconnected from the inductor side, so no closed path exists 
through 𝑅. 

𝑖𝑅(0
−) = 0𝐴  

 

 

Current through 𝑹just after switching 

Inductor current cannot change instantly: 

𝑖𝐿(0
+) = 𝑖𝐿(0

−) 
 

Before switching, the inductor acts as a short circuit at DC. So, the 4𝑚𝐴current source 
divides between 3𝑘Ω and 13𝑘Ω. 

Current through 3𝑘Ω, which becomes inductor current: 

𝑖𝐿(0
−) = 4𝑚𝐴 (

13𝑘

3𝑘 + 13𝑘
) 

𝑖𝐿(0
−) = 4𝑚𝐴 (

13

16
) 

𝑖𝐿(0
−) = 3.25𝑚𝐴 

 

After switching, 𝑅is in series with the inductor, so: 

𝑖𝑅(0
+) = 𝑖𝐿(0

+) = 3.25𝑚𝐴  

 

Final answers 

𝑅 = 10𝑘Ω  
𝑖𝑅(0

−) = 0𝐴  

𝑖𝑅(0
+) = 3.25𝑚𝐴  

 

 

 

 



 

For the natural response circuit shown below, the voltage across the capacitor 𝑉𝑜at 𝑡 =
0−is 10 𝑉and the current 𝐼𝑜through the inductor at 𝑡 = 0−is 2 𝐴. Determine the value (or 
range of values) of resistance 𝑅for which the voltage 𝑣(𝑡)across the capacitor (with the 
same polarity as 𝑉𝑜) will be underdamped. 

 

For a parallel RLC natural response: 

𝑑2𝑣

𝑑𝑡2
+

1

𝑅𝐶

𝑑𝑣

𝑑𝑡
+

1

𝐿𝐶
𝑣 = 0 

 

Compare with: 

𝑠2 + 2𝛼𝑠 + 𝜔0
2 = 0 

 

So, 

2𝛼 =
1

𝑅𝐶
 

𝛼 =
1

2𝑅𝐶
 

 

and 

𝜔0 =
1

√𝐿𝐶
 

 

For underdamped response: 

𝛼 < 𝜔0 



1

2𝑅𝐶
<

1

√𝐿𝐶
 

𝑅 >
1

2
√
𝐿

𝐶
 

Given: 

𝐿 = 0.2𝐻 
𝐶 = 0.1𝜇𝐹 = 0.1 × 10−6 = 10−7𝐹 

𝑅 >
1

2
√
0.2

10−7
 

𝑅 >
1

2
√2 × 106 

𝑅 >
1

2
(1414.2) 

𝑅 > 707.1Ω 
 

Therefore, the capacitor voltage 𝑣(𝑡)will be underdamped for: 

𝑅 > 707Ω  
At 𝑅 = 707Ω, it is critically damped. 
For 𝑅 < 707Ω, it is overdamped. 

 

 

 

 

 

 

 

 

 

 

 



 



Write all the Mesh Current equations and constraint equations using MCA technique. All 
equations must be in terms of the given names/labels of the currents marked 
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