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Lab 4: Audio Playback System

Inlroduction

In thas laby, vou will construct, st and demonstrate e andio playback system whoch yvou designed
mm Homework #1011, The lab consmsts of bwo parls: Pre-lab exercises and io-lab exeroses; Lthere
arc no Post-lab exercescs. Yoo should complete the Pre-laby exercises in your lab nolebook before
coming Lo lab. Then, carry oul the In-lab exercises botwoeen Aprl 30 and May 11, Aller completing
Lher In-laly exercises, have a TA check vour work amd sign vour lab nolebook. Youn may hamd
your lab pnolebook [or gracding al Chal Lo,

Belore asking Lo el checked oll, make sure you meel all Lhe requirements in Lhe
checkolll list al Lthe end ol Lhe In-Lab Exercises

Mole that in addition Lo repalar lab hours [rom April 30 1o May 4, there will be stall available
in Lhe lab Lthe following week (May 7 through 11) [or checkoll. You will be notilicd as Lo the Limes
i lecture amd by crnaal.

Reminder: You must complele all of Lthe labs, Faillure Lo do so will resull in a
deduction of one [ull grade in Lthe class, no exceplions. Your lab nolebook must be
Lurned in wilth all Post-Labs complelted and you must be checked oll [or all the labs.

Pre-Lab Exercises

- opy your design [or the clock [rom *roblem 1 ol Homewor ke vour lab nolebook.
4-1 L& i [or Lthe clock [ *roblem 1 of H k #11 inL lak Lbsennk
Lalxd] all resstor and capacilor names aod valoes.

(4-2)  Next o your design for the clock, copy the graph [rom Part (E) of Problem 1 of Home-
work #£11 inlo your lab notebook. You will use Lhis inflormation o determine whether the
clock vou consiruct dunng In-Lab Exercese 4-2 works correcily.

(4-3) Copy your design for Lhe digital-to-analog converter [rom Problem 2 of Homework #11
mbo yvour lab nolebook. Label all resistor nanwes and values.

(4-4) Mext Lo vour desipn [or Lhe digibal-bo-analos converber, make a table showing Lhae expected
converber oulpul vpac when cach of Lhe data-bab mput voltages 15 5V oand Lhe olhers arc
all 0 V. Base Lthe table on Lhe actual resistor values wsed o yvour desipn. Also, nole Lthe
cxpoeclod value of Lhe ollsel vollage vopp reguired W center Lhe converber. Yoo will use Lhs
mlormation Lo determine whether Lthe converber you constroct doring In-Lab Exercise 4-4
works correclly.

(4-53) Copy your design [or Lhe low-pass lilker [rom Problem 3 of Homework #2511 inlo your lab
nolehbook. Label all resistor and capacibor names amd valoes.
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(4-6) Next Lo your design for the low-pass liller, copy the graph [rom Part (19) of Problem 3
of Homework #4111 mto vour lab nolebook. Also, make a table showing Lthe expecloed

magmilude and phase of Lhe liller oulpul o pe given a 2-V peak-Lo-peak sinusowdal inpal
wilh a [requency of 4 kHez, 8 kHe and 16 kHz. Basce the table on the actual resistor and
capacibor values nsed o vour design. Yoo will use Chas information o determmne whether
Lhe lilter you construct dunng In-Lab Exercee 4-6 works correcily.

(4-T) Copy your design for the volume control stage [rom Problem 4 of Homework 11 inko
your lab nolebook. Label all mesisbor amd capacibor names and values.

(4-8) Mext o your design [or Lhe volume conbrol slage, make a Lable showing Lhe expectesd
magmbude and phase of Lhe volume control stage oulpul vogpre given a 2-V peak-Lo-peak
sinusoudal mpul with a [requency of 10 He, 100 Hz and 1 kHz. Base the table on the

acltual resistor amnd capacitor values uscd in vour design. Yoo will use Ches indormation Lo
determne whelher Lhe amplilicr you construct during: In-Lab Exercise 4-8 works correctly.
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In-lab Exercises

The lo-lab exercees mvolve constructing amd Lesting Lhe mdividual lunclional blocks of Che aondio
plavback system, amd then demonstrating the operation of Lhe sysbem as a whole.

You will need Lo oblain Lthe counter and memory printed cirenit board (IPCB) rom the stock-
room, along wilth a small speaker. Smee Lhere 15 a hmmiboed supply of cireml boards amnd speakers
avallable, make sure you relurn Lhe memory board and Lthe speaker when von are nol using Lhoem.

The 1n-lab exercees are organiacd so Lhat yvon will constroct and Lest one [unctional block al a
Lirme. As cach block 13 [ound Lo work properly, von will connect, il Lo Lhose which already working.
Consoogquently, yvou will alternalely construclt and Lest varions parts ol Che aondio playback sysbom.
As you develop Lhe sysbem in Lhis manner, iU 15 essenlial thal you Lurn ofl the power
Lo Lhe proloboard belore yvou make modilicalions Lo your syslbem, or besin any new
construction. Also, check your wiring carelully belore Lurning Lhe power back on. This
will avoul damaging Lhe components i Lhe svsbem, and save you consuderable debugesing Limne,

FFinally, construct the luncltional blocks as compactly and neally as possable. In Lhis sparil, yvou
should [nd 1l casicst Lo wse Lhe components Lo wire Lhomselves Lopelher, rather Lhan using extra
wires. This will save you considerable construchion Lime, as well as considermble debogpang Lime.

(4-1) I you are working in a group of lwo, you should attach your two proloboands Logether.
This will simplily Lhe circul asscmbly by providing more wiring space.  To minimee
wiring i Lhas lab, the counler amd memory have already boen asscmbled on a2 prinboed-
circuil. boand. (On Lhe back of Lhis board are pins that will plug inbo Lhe protoboands in
Lhe Lab. Plog Lhese pins imbo Lhe protoboands so Lthal cach pin 15 inserbed inlo a separale
protoboard row. Purther, locale the boand so Lhal Chere 1 consederable protoboard space
on Lhe side with the memory oulput data bits. This will make connection o Lhe boand
casiest. Por example, localing Lhe board Lowards Lhe lower lell corner of Lhe protoboand
may priwve best. The clock can Lhen be constrocbed above Che board, while: Lhe digibal-Lo-

analoy converter, Lthe low-pass hlber and Lhe buller can be constrocted o Lthe night of Lthe
brosured.

Figure 1 shows Lhe pin assigmments [or the prinbed circml board. The pins [or Che cighil
memory oulpul data ks as well as Lhe clock, power amd proumd pins are on Che rght
bl swle. You should connect Lhe power pan Lo Lhe 5-V power supply on Lhe protoboard,
and Lthe pronmd pin Lo ground on the protoboand.

(4-2) Following your design [rom Pre-Lab Exercise 4-1, construct Lhe clock using the T4HC 14
mverber chup oblained carlier. Figare 2 shows Lhe pin assipnments lor the imverber chap.
Use any bwo of Lhe mverters i Lhe clup, amd leave Che olthers unconoected. Do nol yel
connecl the clock oulpul vop i Lo Lhe clock mpual of Lthe connter. Rather, use one channel
of Lhe oscilloscope Lo observe Lhe oscillalor oulpul voge, and Cigeer Lhe oscilloscope Irom

Lhal channel. Usce Lhe olher channoel o observe voar and Lhe clock outpul w0k, Compare
whal von observe wilh Lthe oscoilloscope Lo Lhe gpraph prepaced dunng Pre-Laby BExercee 4-2

Lo determine whoether or nol Lhe clock s lunclbionmg properly. In particular, Che clock
oulpul vepi should remaan belween 0V amd 5 V 50 a5 nol Lo damase Lhe counber which
il drives. Also Lest whether Lhe onlpul sigoal s around 8 kHe

(4-3) Prowidesd Lhat the clock lunclions properly, and most importantly Chal Lhe clock oatpul
v remains wilhin the range ol OV Lo 5V, conmeel the clock oulpul Lo Lhe clock inpul
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