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Readings: Sections 10.2-10.7
Exercise 8.1: Chapterl0, Exercise 10.24, assuming RC time constants are small (on page 575).
Problem 8.1: LemE.Tweakit

Lem E. Tweakit, a junior in courseVI, wantsto control his dorm-roomlights from his personal
computer. He proposedo usea dataline from the parallel port on the computerto control the lights,
becausat is easyto write a programthat controlsthe signalon the parallelport. A TTL parallelportis
guaranteedo put out a HIGH signal of greaterthanV oy = 2.4 Volts andit is guaranteedo put out a
LOW signalof lessthanV g, = 0.4 Volts. However,thelights are110Volts at 60 Hz AC, so of course,
he cannotdirectly controlthelights from the parallelport. Lem wantsto usea relayto work the lights, but
theonly relaythatLem hasin his junkboxis requires100 mA to reliably closethe switch. Unfortunately
his parallel port cannotsupply anywherethat much current. He decidesto use a MOSFET stageto
controltherelay,sothatit cancontrolthelights. Lem’sideais shownin Figurel. WhenLem’s computer
putsout a HIGH, currentflows throughthe relay coil andthe light switch turnson; whenthe computer
puts out a LOW, the current is stopped and the light switch turns off.

Note: A relay is an electromagnetically-controlleswitch. It hasa coil of wire that becomesa
magnetwhencurrentis passedhroughit. The magnetis usedto moveaniron armaturewhich actuates
switch. Of course, the coil of wire has inductance and resistance.

The MOSFET that Lem useshasan ON resistanceof aboutRgy = 5 Ohms.It hasa threshold
voltageof aboutV+ = 1.5Volts. Thecoil of therelay hasaninductanceof aboutl Henryandaresistance
of about 40 OhmsFor all practical purposes, the computer's output voltage changes instantaneously.

(A) Assumethatthe computeroutputhasbeenLOW for along time; it thengoesHIGH. Draw a
graphof the currentin therelay coil asa functionof time. At whattime doestherelay closeandthelight
go on?

(B) Assumethatthe computeroutputhasbeenHIGH for alongtime; it thengoesto LOW. What
happendo the voltagevpg from the drainto the sourceof the MOSFET?(Hint: Considerwhat happens
to the currentin the relay coil at the time of the transition. What doesthat tell you aboutthe voltage
acrosgherelay coil atthetime of transition?) Do you expectsmoke? Your answetto this partshouldbe
only a few short sentences!

(C) Supposd_em putsa diode acrossthe relay coil asin Figure 2 below. Draw a graphof the
currentin the relay coil asa function of time, startingwhenthe computeroutputdropsfrom HIGH to
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Note: A diode is a two-terminal device that can be modeled, for this problem, with the
characteristic:
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(D) For the circuit with the diode installed,draw a graph of the voltage acrossthe relay coil
inductor and a graphof the voltagevpg acrossthe MOSFET for the sametime period. How doesthe

diode solve theproblem raised in part B?

Problem 8.2: Chapterl0, Problem 10.4 (on page 578).

Problem 8.3: Chapter 10, Problem 10.29, parts a, c, e (on pages 591-592).





