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Assipnment for Week 7T

Software Lab for March 2ih
Prelab exercizes due Thursday March 22th before lab

Lab on desigming and wang a virtual osclloscope.
Post-lab due Tuesday Apnl 3rd in Lecture.

The constraints view of circuits

In this problem set you will learn about resistor networks both as constramt systems and from
a more intmtve perspective. The former 15 more useful when wnting programs to determine the

behavior of cremts, the latter 13 more helpful dunng design. You will get a chance to use your
understanding of resistor networks to design a virtual oscilloscope, and then wse that osclloscope
to investigate the behavior of a lego motor.

This problem set has four parts:

1. Post-Lecture lab on usimg a constraint resolver to solve ciremit problems.
2. Tutor problems on analyzing resistor networlks.
3. Lab on desigming and using a virtual oscilloscope.

4. Post-lab problem on generating constraints for a neuron maodel.

Mote, we are still having some 1msues with the software for Thursday’s lab, so we will post the final
version of Thursday’s lab Wednesday evening. We wall also bnng paper copies to Thursday's lab.

Tuesday Post-lecture Software Lab

You will be downloading and uwsing resslve_comstraints py, which contains programs for creating
hists of constraints and ther assocated vanables, and then once the hst of constramnts and vanables
has been generated, determumng values for the vanables so that the constramnts are satisfied. In
particular, a user must first create an instance of the class consframni_ kst Then the user invokes
constraint hal's function add. constrammt multiple times, onee for each of the constraints. The fune-
tion add_constraint appends a constramnt and the constrant’s associated vanables to the instance.
By calling the mstance’s function resolve_constrmis, values are deterrmined for the vanables so that
the constramnts are satisfied. The values of the vanables can be prninted by ealling construmt_lst’s
function diaplay.

There are two arpuments to the lunction add constraini. The first 15 a procedure whose input 15 a
tuple of vanable values, and the second 15 a hsts of stnngs which are the labels for the vanables
used in the constraint. The order of the strings should mateh the order of the vanables in the tuple.
The procedure that & passed to add constramnt should return zero when the input tuple satisfies the



constraint, and 1if the tuple does not satisfy the constrant, the procedure should return a floating
point number which indicates how far the tuple 15 from satisfying the constraint.

As an example, consider the problem of finding values for © and v which satefy the two constraints
Sxr—2xy=3

sl

Jrr4+4xy=3%L
Of course, r = 3 and v = 6 satisfy the above two constramts.

To use the constraint class and the function resolve. constraznts to find the constraint-satisfving
values of © and v, first define functions which generate the two constrant procedures:

def firstEqm():
# Enforces 5*x — 2#y = 3, assmmes [x,y]
return lambda x : 5.0«x[0] - 2.0*x[1] - 3.0

def secondEqn():
# Enforces 3*x + 4+y = 33.0, assumes [x,y]
return lambda x : 3.0+x[0] + 4.0=x[1] - 33.0

Socond, create an mstance of constramnt st and add the two constraints, bang careful to provide
variable labels in the same order as used 1n the constraint procedures:

linSys = constraint_list()
linSys.add constraint (firstEqn(),['x*, *y’])
linSy=s.add_constraint (secondEqn(),['x*, *y’])

Finally, call resolve_constramnts and display the solution:

solution = resolve_constraints(linSy=s(})
linSy=.display(=olution)

In order to use resslve.comsbrummis for ciremt probleme:, one needs an orgamzed approach for gen-
erating the variables and constramnts for a cremt. In class we discussed the nodal approach for

accomphshing this task., The steps in the nodal approach were

1. Label all the circuit node voltages and element currents (noting direction), and select a
reference node.

2. For each element, wnte constitutive equations that relate element currents to the voltages at
the cement’s terminalks.

3. For each cirent node, except the reference node, wnite a conservation law. That 15, mn=sist that
the sum of currents entering a node should be equal to the sum of currents leaving & node.



In order to use the constraint resolver to solve ciremit problems, it 15 helpfal to have functions which
return constramnt procedures associated with a arcuit’s constitutive equations and conservation
laws. In the file erreusl consbroints. py, there are functions to gpenerate procedures that implement
circat related constramnts. The resistor and vere lunetions return procedures which implement the
constitutive relations associated wiath a resistor and a voltage source, the kel function returns a
procedure which implements the constramt that the sipned sum of currents must equal zero, and
the set ground returns a procedure which implements a constraint forcing a value to zero (typically
used to foree the reference node voltage to be zero).

Download and test the constraint Systom

The software for this prelab 1z at the 6.081 web site. Downlosd and uneap constraimt resolver
software, and note that there are four python files: resolveconstrmmnts. py and creud consiramnis. py
described above, as well as two example ciremt files, crewd.py and creud 2 py. Try Tunmng the
two example ciremt files, and notice the second example penerates an error. Fix the error in the
second example eireuit file (the reference node voltage has not been set), then draw the resistor
and voltape source ciremt diaprams associated with the two examples.

Checkpoint: 4:00 PM

¢ Show yvour LA vour ciremnt diagrams, and demonstrate that vou have fixed the problem
in the cirewt file.

Use the constraint resolver

Usiz the constrant resolver to find the node voltages in the following ciremt, assuming Va = 5.0
and 1 = R2 = B3 = 4.
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