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1. True or False - Answer 10 of 12 	 (1 pts each)





____ In solid materials, the individual electronic states of the atoms split to form energy bands. 


____ Rubber  is a cross-linked polymer.


____ A Maxwell element may be used to model only the elastic behavior of a polymer.


____ The stress exerted by a coiled spring made of polyethylene will remain constant with time.


____ Branched polymers can be made more crystalline than their linear counterparts


____  To increase the charge storage capability of a capacitor, use a material with high dielectric constant.


____ Magnetic dipoles in a diamagnetic material align with an applied magnetic field


____ In general the mobilites of holes and electrons are equal in intrinsic semiconductors.


____ Light in the optical range is completely absorbed when the bandgap of a pure material is > 3.1 eV


         (i.e. the highest energy light the human eye can see).


____ The physical properties of polymers are extremely sensitive to their molecular structure.


____ A polymer may be made 100% crystalline, under the right conditions.


____ Below Tg, an amorphous polymer will be rubber-like.





2. Match statements on the right with those on the left which best apply (use each statement on the right no more than  once)  (1 pts each) 





____ random magnetic moments, H=0		a) half-filled energy bands


____ metal					b) refractive index


____ phosphorus					c) n-type dopant in Si


____ aligned magnetic moments, H=0		d) energy of highest filled state


____ boron					e) n-type semiconductor


____ polyethylene				f) intrinsic semiconductor


____ magnetic moments oppose applied H field	g) completely filled valence band


____ insulator					h) p-type dopant in Si


____ n = p					i) ferromagnetic material


____ ratio of c in a vacuum to c in a material	j) antiferromagnetism


____ Fermi energy				k) diamagnetism


____ n ( p					l)  linear polymer


____ internal magnetic moments cancel, H=0	m) p-type semiconductor


____ rubber	 				n) crosslinked polymer			


____ n>p					o) extrinsic semiconductor


					               p) paramagnetic material


						


3. Multiple choice. Answer 3 of  4 (3 points each)





_____	Which of the following does NOT contribute to the dielectric constant of a material:


		A) magnetic polarization	B) orientation polarization


		C) electronic polarization	D) ionic polarization	


_____ 	What are the two sources of magnetic moment in a material?


		A) electron spin & nuclear charge	B) atomic vibrations & phonons	


		C) electron orbit & electron spin	D) phonons & photons


_____ 	Two pieces of copper wire, #1 (5 cm  long) and #2 (10 cm long) have equal cross-sectional area. 	Which statement is true about the resistivities of the Cu wires. 


		A) #1 is twice that of #2	B) # 1 is half that of #2


		C) #1 equal to #2		D) none of the above


_____	As temperature is increased, the conductivity of  a metal _____  while the conductivity of a 	semiconductor _____. 


		A) increases, increases 	B) increases, decreases


		C)decreases, decreases	D)decreases, increases





4.  Short Answers I - Answer 3 of 4	 (4 pts each)





1. Name a p-type dopant and a  n-type dopant for Germanium (use periodic table). What makes a dopant  n-type or p-type?














2. Explain the difference between a thermosetting polymer and a thermoplastic.














3. What is the difference between an extrinsic semiconductor and an intrinsic semiconductor in terms of the charge carriers in each? 











4. Time dependent stress-strain behavior in polymers is termed ____________________.





5.  Short answers II - Answer both	(4 pts each)





1. Sketch a band diagram for silicon doped with phosphorus.  Label Eg, the Fermi energy, the conduction and valence bands.  Also show location of the extrinsic carriers at room temperature. 





























2. Define the term glass transition temperature (Tg) for an amorphous polymer?  What happens to a polymers molecular chains when the polymer is cooled below Tg.





























6.  Short Problems - Answer 2 of  3  (7 pts each)





1. Calculate the conductivity of silicon doped with phosphorus to a concentration of 1018 cm-3


given (e = 1350 cm2/V-sec and (h = 475 cm2/Vsec.

















2. Calculate the molecular weight for a molecule of isoprene (natural rubber) with a degree of polymerization of 500 given the simplified mer formula for natural rubber is C5H8.

















3. Given the  following data are obtained for a metal subjected to a magnetic field, calculate the relative permeability of this material.





H (amperes/m)	B (weber/m2)


0		0


4x105		0.50263








7. Problems I - Do both 	 (10 points each)





1. A storage tray  is suspended from a ceiling by 10 polyethylene rods, each 10 inches long  with a cross-sectional area of 1 square inch.  The rack is then loaded with 5000 lbs of materials.  Assuming the weight of the tray itself is negligible, and given the Youngs modulus for this polymer is 10,000 psi and the viscosity ( is 1010 psi-sec,  calculate:


	a) the length of each strap right after loading (instantaneously)


	b) the length of the strap 10 days later


	c) the amount of time for the strap to reach 10.2 inches in length.	   


























2.  A silicon rod, 5 cm long and 2 cm in diameter is doped with phosphorus.  If a potential of 10 V applied along it's length the current passing through the sample is measured to be 1x 10-3 A.  Given that the concentration of phosphorus in the silicon is 1016 atoms/cm-3 calculate; 


	a) the resistivity ( of the silicon  


	b) the mobility, (e of electrons in silicon (please show the units of the mobility you calculate). 


























8. Problems II  - Do 1 of  2  (12 points each)





1.  You are given  the following mechanism for the emission of light by an LED:  First the electron is electrically excited to the conduction band from the valence band. The electron then drops down to an impurity level by emitting a phonon and finally the electron drops back down to the valence band by emitting a photon. You are asked to design an LED that emits green light by choosing the materials (semiconductor and impurity) you will need. You are given the lists of data below.  Which combination of semiconductor and impurity would you use? What is the energy of the phonon emitted by the electron when it drops from the conduction band to the impurity state.  Justify your answers mathematically. 





	Semiconductor/Eg	Impurity/Eimp - Ed		Wavelength Spectra


	-------------------------------------------------------------------------------------------


	Ge	0.35 eV		B	0.01 eV		red	0.66	(m			


	Si	1.00 eV		P 	0.98 eV		orange	0.63	(m


	GaP	2.40 eV		N	2.17 eV		yellow 	0.60	(m


	GaAs	1.50 eV		Au	2.00 eV		green	0.57	(m


	InP	1.35 eV					blue	0.50	(m














2.  A 1 kg sample of a polyethylene and polyvinyl chloride (PVC) copolymer contains 10 wt% PVC. 


What is the molecular percentage of PVC in the copolymer?


                 H   H		


- C - C - 		            


	   H   Cl


		





Extra Credit   Do only one!





1. Which of the following two polymers would you expect to fracture sooner after the onset of yielding, and why?  (3 points)





	H   H		              H     H


            - C - C - 		            - C  -  C - 


H   H �			H








2. Second problem in Problems II  (5 points). (MARK IT AS EXTRA CREDIT!)





Constants & Equations


0.154 nm length of carbon carbon tetrahedral bond


h = 4.14 x 10-15 eV-sec


e = 1.60 x 10-19 Coul


c = 3.0 x 108 m/sec


k = 8.6 x 10-5 eV/K


V = IR		( = ne(e + pe(h		c = ((		E = h(	


( = 1/(		( = R A/l	n = c/v


B = (H	= (oH + (oM     (= (r(o	


(o= 4(x10-7 H/m


( =E(		((t) = ((o) exp (-t/()	((t) = ((o) [ (1/E) + (t/()]


L = l(2n)1/2  Lext = 2nl sin (109.5/2)








