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ENEE 610 F20
Homework #1 Due Th 09/10/20
!. For the following 3-spoke wheel graph:

a. Use branches 1,2,3 as a tree and write the cut set and tie set matrices
b. Use branches 1,2,5 as a tree and write the cut set and tie set matrices and compare with  those of a.
c. Give A, the reduced Incidence matrix (with the ground node row eliminated from the incidence matrix). Then form Determinant(AAT), where AT is the transpose of A. This is the number of trees that can be found in the graph. 
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       2. For the following low-pass ladder: 


a. Draw a graph for the ladder using branches numbered as the components (branch 1 has both V1 and R1) and nodes as Roman numeral numbered. Orient to the right and down.

b. Use the capacitor branches as a tree and write the KCL and KVL equations. 

c.  Give the (diagonal, 7x7) branch by branch admittance matrix, Yb(s), and the voltage source vector.     
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3. The following circuit allows for the realization of a large number of degree 2 systems.


a) Draw a graph for this circuit orienting all branches toward the  ground. 

b) Give the (non-diagonal, 2x2) 2-port admittance matrix, YG, seen to the right of the capacitors using the voltage controlled current source gains as Gi, I =1,…,4. Add to this the diagonal admittance of the capacitors, YC(s)), to give the 2-port Y(s)=YC(s)+YG, seen looking into the capacitor nodes from the outside. Give the degree 2 polynomial in s formed as determinant(Y(s)); its roots are (open circuit) natural frequencies due to initial conditions. Calculate these natural frequencies when all C’s have value 1 and G’s have value -1 (that is 1Farad and -1Mho).


c) Draw a degree 3 generalization (having 3 capacitors and 9 voltage controlled current sources).
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Some circuit related graph theory references for those who may become interested:
1. Louis Weinberg, “Kirchhoff’s ‘Third and Fourth Laws’,” IRE Transactions on Circuit Theory, March 1958, pp. 8 – 30 (plus correction, p. 139, same year). Gives background and generalizations of some of what is covered in class. A translation of one of Kirchhoff’s papers is in a following paper. 
2. Harley Flanders, “Infinite Networks: I – Resistive Networks, IEEE Transactions onf Circuit Theory, Vol. CT-18, No. 3, May 1971, pp. 326 – 331. Finite networks are a special case of this generalization to an infinte number of components. It gives an interesting treatment while using algebraic topology concepts.
3. Gyuan Zhang & Weigen Yan, “A New Proof of Fosters First Theorem,” The American Mathematical Monthly, January 2020, pp. 72 – 74. A very concise treatment of a result due to Foster; probably too abstract for most engineers but nicely done.
4. Horace M. Trent, “A Note on the Enumeration and Listing of All Possible Trees in a Connected Linear Graph,” Proceedings of the National Academy of Science, Vol. 40, 1954, pp. 1004 – 1007. Proves the result on calculating the number of trees in a graph. It is hard to find a proof of this useful result.
5.  Harley Flanders, “A New Proof of R. Foster’s Averaging Formula in Networks,” Linear Algebra and its Applictions, Vol. 8, 1974, pp. 35 – 37. Uses simplex theory to prove a result used in Ref. 3.
6. Ian Dewan, “Graph Homology and Cohomology,” on web under https://alistairsavage.ca/pubs/Dewan-Graph_Homology.pdf This gives an abstract theory of graphs which gives a means of understanding homology and cohomology if one is ever interested.
7. Russell Merris, “Laplacian graph eigenvectors,” Linear Algebra and Its Applications, Vol 278, 1978, pp. 221-236. This gives a readable treatment of spectral analysis of graphs with possible use in communication and computer networks. 
