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Laboratory 1: Review of Passive Networks 
Preliminary Exercises 

In this lab, you will investigate the operation of passive oscilloscope probes. As this lab aims 
to help you to review previously learned material, it will ask you to recall both frequency domain 
and transient RC network concepts, and to recall or relearn the operation of the various instruments 
in the laboratory. 

1.  Simple Low Pass Networks 

Consider the low pass filter depicted in Fig. PL1.1 

 
(a)  Derive an expression for the step response; i.e., an expression for Vo(t) for Vi(t)=u(t). 

(b)  Define the time for the output voltage to change from 10% to 90% of its final value as 
the rise time tr. Derive an expression for the time constant τ=RC in terms of tr. [Note: 
You will need to make rise time calculations later in this laboratory; make sure you feel 
comfortable with these computations.] 

(c)  Now, derive an expression for the frequency response of the network, assuming steady-
state conditions. Express your answer as magnitude and phase using phasor notation. 
Justify its description as a lowpass filter. 

(d)  For a single-pole network, the cut-off frequency or bandwidth fh is the frequency at 
which 

𝑉𝑉𝑜𝑜 = 𝑉𝑉𝑖𝑖(
1
√2

)𝑒𝑒−𝑗𝑗45°
, 

where Vo and Vi are phasor quantities. Derive an expression for fh (in Hertz) in terms of 
τ. Notice that for a single-pole network, either the magnitude or the phase of the 
frequency response is sufficient to define the cut-off frequency. 

2.  Practical Issues in Electronic Measurement 

Whenever one measures a physical system, the act of measurement alters the system of interest, 
thus, altering the value of the desired parameter. For the case of the laboratory measurements in 
EE 105, the measurement tools exhibit finite input/output impedances, which can load the circuits 
under test, changing their properties and altering the actual measured values. The lecture discussed 

Figure PL1.1
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resistive loading of amplifiers. As will be seen in this lab, capacitors can also significantly load 
circuits (as can inductors). 

As an example of loading by measurement, consider the use of an oscilloscope to measure the 
output of a lowpass filter. Fig. PL1.2(a) below depicts the required experimental setup for this. 

 

 Fig. PL1.2(b) presents an equivalent circuit schematic for the experimental set-up of Fig. 
PL1.2(a). Here, the combined capacitance of the oscilloscope and the coaxial cable is C2=50 pF, 
and a resistance Rosc=10 MΩ models the input resistance of the oscilloscope. 

(a)  Compute the rise time tr of the test circuit, both with and without the loading induced 
by the oscilloscope (i.e., with and without C2 and Rosc). [Note: Reasonable engineering 
approximations are permissible here. For example, you should be able to neglect the 
resistive loading for this computation.] 

(b)  What is the percent error in rise time measurement induced by loading? Use the 
following expression for percent error: 
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% 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 =  �𝑡𝑡𝑟𝑟(𝑡𝑡ℎ𝑒𝑒𝑜𝑜𝑒𝑒𝑒𝑒𝑡𝑡𝑖𝑖𝑒𝑒𝑒𝑒𝑒𝑒)−𝑡𝑡𝑟𝑟(𝑚𝑚𝑒𝑒𝑒𝑒𝑚𝑚𝑚𝑚𝑒𝑒𝑒𝑒𝑚𝑚)
𝑡𝑡𝑟𝑟(𝑡𝑡ℎ𝑒𝑒𝑜𝑜𝑒𝑒𝑒𝑒𝑡𝑡𝑖𝑖𝑒𝑒𝑒𝑒𝑒𝑒)

� × 100  [%], 

where tr(theoretical) is the rise time without oscilloscope loading, and tr(measured) is 
with oscilloscope loading. 

(c)  One way to reduce the effective capacitance loading the original “circuit under test” is 
buffer the circuit from the oscilloscope input by adding a series resistor Rbuff between 
the test circuit and the input of the oscilloscope, as shown in Fig. PL1.2(c). 

 
Note that now Vo is attenuated by the resistive voltage divider formed by 90 MΩ and 
10 MΩ resistors. 

Determine the effective value of C2 (call it C2eff) that now loads the test circuit. Do 
this via the following procedure: 

(i) Determine the input impedance of the circuit to the right of the dashed line in Fig. 
PL1.2(b) in terms of C1, C2, and Rosc. Call it Zin1. 

(ii) Determine the input impedance of the circuit to the right of the dashed line in Fig. 
PL1.2(c) in terms of C1, C2, Rbuff, and Rosc. Call it Zin2. 

(iii) The zero in the expression for Zin2 determines the infinite-time response of the 
circuit, not the step response. Since we are concerned primarily with the step 
response, here, we can neglect the zero, i.e., ignore the s term in the numerator. 
Also, the s2 term in the denominator of Zin2 can be neglected if we assume that the 
poles of this circuit are far apart— i.e., if we assume that this circuit has a dominant 
pole. Eliminate the zero and the s2 term from the Zin2 expression. Call the new 
expression Zin2′. 

(iv) Compare Zin1 and Zin2′. The real part of Zin2′ (call it Reff) is the effective resistance 
in parallel with C1+C2eff; it is analogous to Rosc in Zin1. Thus, C2eff is the capacitance 
required to make the imaginary term in Zin2′ equivalent in form to that in Zin1. With 
this information, find C2eff. [Alternatively, you could just get Zin2′ into exactly the 
same form as Zin1 except for the C2 term, and then compare the “C2 terms”.] 

Although the loading is now smaller, we have effectively added an additional low-pass 
filter in series with the input of the oscilloscope. Thus, when measuring the step 

Figure PL1.2(c)
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response of the test circuit, we will actually be measuring the combined step response 
of both the circuit and the oscilloscope. 

(d)  Compute the rise time for the oscilloscope used in this manner. (It derives from the 
lowpass filter formed by Rbuff, Rosc, and C2.) 

(e)  Based on your result in (d), do you expect the measurement of the test circuit using the 
scheme of Fig. PL1.2(c) to be accurate? Why or why not? 

3.  Practical Oscilloscope Probes 

To minimize the effects of loading, oscilloscope probes often come as compensated 
attenuators. Fig. PL1.3 shows the equivalent circuit schematic for a typical compensated 
attenuator. 

 

 

(a) Derive an expression for the Vi to Vo transfer function in terms of the Fig. PL1.3 
variables. 

(b) Derive an expression for C1 based on the values of R1, R2, and C2 to yield the following 
transfer function: 

𝑉𝑉𝑜𝑜(𝑚𝑚)
𝑉𝑉𝑖𝑖(𝑚𝑚)

= 𝑅𝑅2
𝑅𝑅1+𝑅𝑅2

, 

(c) What is the rise time of the circuit for the case where C1 takes the value you derived in 
3(b)? 

(d) Is your result in (c) reasonable? Comment on any limitations that manifest in a real 
circuit. 

 

Figure PL1.3
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Laboratory 1: Review of Passive Networks 
Results Sheet for Preliminary Exercises 

NAME:  __________________________________ LAB SECTION:  _____ 

1.  Simple Lowpass Networks 

(a) ______________________________ 

(b) ______________________________ 

(c)  ______________________________ 

(d)  ______________________________ 

2.  Practical Issues in Electronic Measurement 

(a) ___________________________ , with  ___________________________ , without 

(b) ________________________________ 

(c)  ________________________________ 

(i) _____________________ 

(ii) _____________________ 

(iii) _____________________ 

(iv) _____________________ 

(d)  ________________________________ 

(e)   
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3.  Practical Oscilloscope Probes 

(a) ______________________________ 

(b) ______________________________ 

(c) ______________________________ 

(d)  

 


