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Solution to Problem Set # 4 (by Farinaz Koushanfar) 

4.1 Sketch/Trend. (Using C = 1pF). 
a) As ‘t’ goes to infinity the capacitor voltage stops changing and 

the current goes to zero. Without current there is no voltage on 
the 5k resistor and Vout = 3V. 

b) RC = (1pF)(5kΩ) = 5 ns. 
c) The initial slope dV/dt = (1/C) (VFINAL-VINITIAL)/R = 0.6V/ns. 
d) {Show horizontal line at 0 and at 3V, line from 0 to 3V at 5 ns.} 
e) refer to the graph below: 
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f) The slope doubles when C is cut in Half or (VFINAL-VINITIAL) doubles or R is cut in half. 

 
4.2 General Exponential Form.  

a) IR = (3 V - V0(t))/R . 
b) IC = C dV0/dt  
c) C dV0/dt  = (3 V - V0(t))/R  
d) C(1/τ)B e-(t/τ) =(3 V - A - B e-(t/τ))/R 
e) 0 = {(3 V-A)/R} + {[-B(C/ τ) –B/R]} (e-(t/τ))  Since this equation 

holds for t >0 both the constant and the exponential term 
coefficients must be individually zero. A = 3V and τ = RC = 
1pF×5kΩ = 5 ns. 

f) V0(0) = 0 => B = -A = -3V 
 
4.3 Nonzero levels and resistors. (Using C = 1 pF) 
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a) As t goes to infinity, IC = 0, thus V0 = Iss(R2||R3) =1mA × (1.2kΩ) 
= 1.2V  

b) Setting ISS = 0 leaves R1 without current so RTH = (R2||R3) = 1.2kΩ  
c) At t =0, IOUT = Iss – V0/R3 –V0/R2 = 1 mA + 0.5mA + 0.33mA = 1.83mA  

dVOUT/dt = (1/C) × I = (1/pF)(1.83mA) = 1.83 V/ns 
d) a) => A = 1.2V, b) => t =RC = 1.2kΩ × 1 pF = 1.83 ns, V0(0) = -1 => B = -2.2V. 

 
4.4 Pulse shape. (Using C = 0.1 pF) 

a) With switch at RD, VOUT(t) goes to zero as t goes to  infinity.  
b) τ = RDC = 10kΩ ×0.1 pF = 1ns.  

VOUT(t) = 5 e-(t/1ns) V for t >0. 
c) To decay to 50%, e-(t/1ns) = 0.5. Taking the ln( ) of both sides 

gives, t =2ns, ln(2) = 0.69×(1ns) = 0.69ns.   
d) VOUT(t = 1.5 ns) = 5 e-(1.5ns/1ns) = 5 e-1.5 = 1.12V. 
e) When the switch is up again τ = RUC =20kΩ × 0.1 pF =2ns  

VOUT(t) = 5V – 3.88V e-((t-1.5ns)/2ns) for t > 1.5 ns.  
[For fun 5V – 3.88V e-((t-1.5ns) / 2ns)  = 4V => 3.88 e-((t-1.5ns)/2ns) = 
1 => ((t-1.5ns)/2ns) = ln(3.88), (t-1.5ns) = (1.36)(2ns) = 
2.71ns => t = 1.5 ns + 2.71 ns = 4.21 ns. 
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