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Preliminary Work

1. Multimeter

A multimeter is a combination measuring instrument that can act like as voltmeter. ammeter, chmnieter
and I s0me cases as capacitance meter.

1. Read the manual of your mnltimerer. Find the smallest and largest resistance, DC voltage, AC
voltage., DO current and AC current vour multimeter can rlu'a.'-'url",l\'nrt- that the smallest value is
determined by the resolution of the multimeter. so it is not the full-scale vilue at its smallest scale,

Rio=: 2CD N Riwgn= 200 M I
DC: Vigw= 12 en\[ Viugh= G ooV

' AC: Vo= TN Vi = Soov
DC: Jipe= 7 f:-rf:._f_'J//A hhgn= AOA
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s i amedon

[1.1. GRADE: ]

2" Many multimeters have a “Sleep mode” to preserve the battery life. If the meter is not used and
the input is inactive for a period it will go into Sleep mode. Find how long that period is from the
manual of your multimeter. Find out how to wake up the multimeter. Some multimeters also have
an ability to disable the sleep mode altogether. Find out of your multimeter has such a feature and
explain how

Inactivity period for sleep mode— Ny o rneter '\r‘f&rﬁ* raw 5”’? ME prﬂu(‘F

Explam how to wake up from the sleep mnde: SOrM rau Vb redery MM OAA B -...Al ]
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Fxplain how to disable the sleep maode if exists: (+ dossnot e-'“-s'{ b"’ “f “+ exL‘ai’J Pr .hg
a o\ dymice ha presse? lanj Lo tie main button
o

[12 GRADE: ]

3. Many multimeters have a continuity beeper. It is activated by pressing bution or selecting a
pasition in its rotary switch. If the resistance between the feads is under shour 30 € the beeper
will sound continnously, designating a short ciremt. Find out if yvonr nmlrisetaer lins o COnTITNmY
beeper.
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Contmuity beeper function present™? i} PT(?SG\" -
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[1.3. GRADE: ]

A Most good multimeters have a RANGE button. If you know the approximate valoe of the resistance
you want to measure, you can set the specific range of measurement by repeatedly pressing, the
RANGE button. Otherwise, the multimeter is in the slower AUTO mode. Find ont i yonr
multimeter has a “RANGE” function. If it does, learn how it funetions,

RANGE function present? \{Q o r’rt’SP’\‘*
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/"'i Some multimeters have a “HOLD” function. If von press the HOLD button doring s measarement
the reading will be held. Press the HOLD button agam to exit the function.  Fid out if your
multimeter has a HOLD funetion. If it does, learn how it funetions.

HOLD function present? Je=, 4 s Pi‘t’.‘.’:ﬂ"‘“

Explain how it works: Ul "ah‘}‘ wiila F ":J"'c'hj f“w"bl -.;:ar‘:lt‘.j:if ’(‘I’;\h?t
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[15. GRADE: ]

" Some multimeters have capacitance measurement capability. Find out if your multaneter has this
capability. If it does, find out the minimum and maximum capacitance values it ean mcasure. Th
smallest value is not the full-scale valne at its smallest scales Yon can learnno ot froon the acenrac
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[16. GRADE ]

Same multimeters have non-contact AC voltage detection (NCD) capability. Such multnneters can
detect the presence of an AC voltage (larger than 50 V) on a conductor when it is bromght closer o
lli]r- conductor. Fined ont if vour multimeter has such a capability, Tryv it on a power cabile plugged
i and removed,

NCD capability: N 4w mold MT{'CI _‘j‘:;m WUE-— NLD CEP‘N:; f}&‘ ’
NED amperemeter ok code camp ampes . Thig mpa k|
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Experimental Work

1. Multimeter

+ 1< Measure the resistance between your two hands using 1 scale
ohmmeter). Wet your fingers and repeat the measurement. Record the readings.

of your multimeter (it becomes an

R(normal)= -2 ML R(wet fingers)= 1I2‘ M L

11 GRADE:

j Use your multimeter to measure the value of a resistance. Get one more resistance of the same
' value. Since the resistance of your hands is not infinite, make sure that you do not touch your
fingers while you make resistance measurements. If your multimeter has a RANGE button, press
the RANGE button to set the appropriate range. Measure the resistances. Record your readings.
Are the readings consistent with the color code of the resistors (see the color code Table in p. 32)7
Note that the first color is never silver or gold. Silver or gold shows the tolerance of the resistor.
They should be treated as the last color and can be used to orient the direction of color code
reading.
Compare the variation in the resistance values with the tolerance of the resistor shown by the color
code. The percent tolerance is given by

(Measured Value) — (Nominal Value)
Tol = — ;
e (Nominal value) MG (1)
Colors of resistor= <= - Red - O orfe - (~-'&
Color coded nominal value R= 22 k& 2 Color coded tolerance= / 5
Measured: R=2 {, 6 & JL- R=21.4k
\
Measured maximum tolerance = 26k -Q.-:,‘ "(‘2.?..1:.]-:-/ 0 = 4,847
% = 9, 3

- 12k 5L

'1.2. GRADE:

e ———

Use your multimeter to measure the voltage of the power supply: Adjust the power supply to
5.00V. Set your multimeter to DC voltage scale (your multimeter becomes a DC voltmeter) and
measure the voltage, Vpc, across the terminals. Record and compare the readings.

Measured: Voe= S .01 V

Adjusted: Vpc= 5 OO0V

1.3 GRADE: _

it is measuring But real

2]

‘4 An ideal voltmeter has infinite resistance mot to disturb the voltage .
resistance. Measure the resistance. Ry, of vour voltmeter at DC and A(

“Y 'yoltmeters have a finite _
meter and record it. Compare it with the data given in the manual of

scales using another multi
the multimeter.
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DC Voltmeter, Measured: Rv=_”_..'f_ O_N‘-ST- -
AC Voltmeter, Measured: Ry = 1 {41 My

Data: Ry= A{O, C()N-ﬂ. |
Data: Ry= {Q .00 M JSL |

La GRADE

r

Dsc(: };our mu]timn.at.er to mca§urc the current through a resistor: Choose a resistor bet.wecm_i@ and
S. - Measure its value using your multimeter. Set the power supply voltage to +5.00V. Set your
multimeter to current reading scale (it becomes an ammeter) as shown in Fig. 1. Connect one lead of

Figure 1: A multimeter sct as an ammeter.

the resistance to the positive terminal of the power supply (set at +5.00V) and place the multimeter ,
in series with the resistor and the negative terminal to the power supply as shown in Fig. 2 to |

— e _.l |
Power Supply | ‘
+ - B \
Red q) (P lack ‘ !
Black
R Red Multimeter \

i

measure the current through the resistor. DO NOT place the leads of your multimeter directly
across the power supply; you may blow the fuse of your ammeter! Record the current reading.
Find out if Ohm’s law is satisfied. Does the resistance of the ammeter affect the measurement?

Figure 2: Connection of a multimeter as an ammeter.

Measured: R= 98,5 L Measured v=54V

Measured: I= O'OSJA Calculated: I = V/R= _5_'_:!-\{ - O‘Oa_lA |
i 9,52 |
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. Measure the resistance, R4, of your ammeter by using another multimeter in its i] scale. Does it
:xplain the difference between the calculated and measured values in the item 1.57 Comment on

your results.

“I_\Iea.ﬁurod: Ri= 012 1L :
Comments: E‘L”'f'ﬂlkﬁe 0&" e  inner resistonce. "‘1( fle mu('f}n\{-‘_'ﬁ’f‘f we meﬂju €

(€8S current A han e nor-rc::f *Ncr ¢ ff:(“p, VA 1%5 thet (p
N CK'{‘(Q fﬂSth({f\lLQ -\ Ce O (}k{/_ feren 'a NMea L’ ./(" ") f’l {M_,i
[1.6. GRADE: | (\“ _ / .
N\ VAR

We note that measuring current is always more difficult than measuring voltage. To measure the
current the multimeter must be placed in series with the branch. This usually means the circuit
must be modified to be able to measure current. On the other hand, measuring voltage is easier.
You can just touch the terminals in parallel with the multimeter leads. There is no need to modify
the circuit. That is another reason why nodal analysis'is preferred instead of mesh analysis.

” If your multimeter has capacitance measurement capability, get two capacitors, one larger than
the minimum and the other less than the maximum. Measure the values. Before connecting the
capacitor across the multimeter probes, press REL button to get a zero reading. Compare with
the values written on the capacitors. Note that most capacitors with values less than 1 uF, have
numeric codes indicating their values in picofarads (pF) similar to the resistor codes. For example,
103 means 10 plus three zeros: 10,000 pF. 221 means 220 pF.

. - | : . S ]

Capacitance value: — Measured capacitance value: ~—

—

Capacitance value: = Measured capacitance value:
M_j mu Hme-\er JOoSNOA Yok cagac arce  neassaroAt capabl ity I_Ienf q

—enessoge T Arujﬂf and  he Jogd {bad if..-._oz.,__. |

|1.7. GRADE: ]

Soldering

1. You will learn good soldering in this exercise. Soldering is a chemical process to form an alloy of
solder and the soldered metal pieces. Soldering iron must be hot and its tip must be shiny in order
to make good solder joint. Put some water on the soldering sponge and keep it wet through out the
soldering session. Turn the soldering iron on and wait until it is hot. Solder must immediately melt
on the tip when it is hot enough. Put some solder on the tip and wipe the tip with wet sponge.
The tip will shine. This process is called tinning. Now the iron is ready to make 2 solder joint.
If the tip is not shiny, the heat transfer from the tip to the component is poor. You may end up
with a cold solder. Cold solders are very problematic, they may conduct intermittently. It is very
difficult to find where the cold solder is. So it is best to make a good solder to begin with.

The joint to be soldered must be mechanically sturdy enough before solder is applied, so that when
the solder is hot and in fluid form, the joint must not move. Place the tip in contact with the joint,



touching all

parts to be salde .
to the tip Solder must x;il rond _I lace the solder i contact with the parts (not the tip) opposite
) SUmelt within a scond Remove the tip and the solder
2 Nolder wire contains a Hux that

X ) assists the solde \ . ol e P ;
gives off o potentially irritant der in making a wetted joint When heated, the flux

apor Avord inhaling this smoke
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123, GRADE:

= . . s ' H i i 1
.holdvt the four resistors as shown in Fig 3 Calenlate the total resistance of the combination using
the measured values of resistors. Measure the total resistance of the combination, Ry, using your
multimeter. Comment on any difference

R, R; -e®
- -
VA VW
R"\ RJ

Figure 3: Solder four resistors as shown in the diagram.

Calculated Rr= 0 2,6 gL Measured Rr= 22, €

. e stenc
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24 GRADE: 'i

Oscilloscope

Oscilloscopes are very important and commonly used instruments in Electrical Engincering. Their screens
show the voltage as a function of time waveform. They may show more than one waveform simultaneously.
Oscilloscopes have many knobs and buttons. To make full use of an oscilloscope, it is mandatory to learn
the functions of them. The following steps apply to Tektronix TDS20XX series digital oscilloscopes,
shown in Fig. 4. Nevertheless, other brand or model digital oscilloscopes are also very similar.

1. Connect the oscilloscope probe to CH 1. Set the switch on the probe to 10x {Counect the probe
tip to PROBE COMP using the probe hook. Press CH 1 MENU button. New options will appear
on the screen. Press the Coupling button until it indicates DC (DC coupling means the signal
appears on the screen with its DC part.) Now, press AUTOSET button. (Expert engincers do
NOT use AUTOSET button! It is there to be used by rookies. Avoid using the AUTOSET button
to become an expert :) You should now sec a stable square waveform on the screen. Observe that
green Trig'd is being displayed indicating that the oscilloscope is triggered.

2. Set Coupling: AC using CH1 MENU. Comment on the results. Set Coupling Ground  Wrnite
down the results.



Figure 4: Tektronix TDS2002 two-channel digital oscilloscope showing sinusoidal and square waveforms
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\ . Rotate SEC/DIV knob to change the time scale to 500nsec. Use the Horizontal Position knob

to move the waveform left or right to observe the waveform in detail. Press ACQUIRE and set
\Y /" Average 16 to get a waveform with less noise. Take a photo of the screen for your report.
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3.3. GRADE:

:Triggering: The trigger determines when the oscilloscope starts to capture data and display a
aveform. If the trigger is not set up properly, the display will be unstable or blank. If oscilloscope
is triggered, you will see a green colored “Trig'd” display on the top of the screen. It is very
important to understand what triggering means.

Press TRIG VIEW button while turning the TRIGGER LEVEL knob. A dashed line is ri:\;m;.‘--»-!
showing where the trigger level is. Actual triggering occurs at the time point the dashed |
intersects the waveform. Rotate the knob until the dashed line is above the square wave w; tha

et 1t



does not intersect the waveform. Release the TRIG v
S¢c an unstable waveform on

LEVEL button until the tri
that the square wave is tri

IEW button. Trigger is lost. Now you should
the screen and green Trig'd readout is gone. Rotate the TRIGGER.
gger arrow on the right is in the middle of the square wave. Observe
ggered again,

Change the Trigger Slope to Falling. Explain.

Explain: lﬂhlk_4t qopr esel butten § oulaf the volicoe rate, trere “s"r"“ﬁej-;.{h"
whle {o{n‘iuj all S_':"! el batton | T ot 4 o poped leved, then igﬁsd""‘ wANg,

- -’3.'- T2l - —_,—_‘TW. N,ds-;_j_"r(qm(a_ q)(-..f H’SJﬂM/{ a!'d 'FH,Fprsmy_v ‘(’:I’.'-H'Q HJ(__’)I;J’J -gbﬂc;
rn € Maraih = = = S - |
34 GRADE: ]

X. Read and record the Trigger Frequency at the lower right corner of the screen.

Trigger frequency: 4OOWZ H{ |

= - S

'35. GRADE: ]

y Press CURSOR button. Set Type: Time and Source: CH1. Adjust Cursorl and Cursor2 to
" determine the period (At) and frequency (1/At). Find also the peak-to-peak voltage of the square
wave from AV readout.

At= f Oﬁnrn5 I= 1.000k H; AV= 4, 36V l‘

—3.6. GRADE: - ]

-'/Hr ate DIV/SEC knob until the time scale becomes 500ns per division. Now you should be able
y //\\%cf: the falling edge of the square wave in detail. Rotate the TRIGGER LEVEL knob to change
7 _“the point where the trigger occurs. Write down your observations.

Observations: Whawle A ptarf ase) o JH"'{ bhi’:fpr' e nlih s ik bl
g~ o o |
r;jhln AP rrmﬁ 1efa. -uh_).n.-.r;;)fr (el g ‘_" |

'3.7. GRADE:

['. Find the Fall Time, t;, of the signal (from 90% to 10% voltage points) using cursors: To get a
more accurate measurement, you can increase the vertical scale sensitivity to 1V per division using
the lower CH1 knob. You can move the signal up and down using the upper CH1 knob. Set the
horizontal time scale to 100 ns/DIV. Find the 90% (4.5 V) and 10% (0.5 V) voltage points on the

vertical scale and set the time cursors to those points to determine the fall time. Take a photo of
the screen for yvour report

n
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3% GRADE

Change the Trigger Slope to Rising. Find the Rise Time, ¢, of the signal (from 107, ta W7 ) Take
& photo of the screen for your report

t,= : 'y
Q@EC g
Sereen photo: § : U v Bl [ MPosi2640ns _CURSOR

Type

Source
CH1

: : : : Delta
||||:||||!||||!||||:|||:5| Sqﬂ_ﬂns
: i : : 1.190MHz

Cursor 1
=108.0ns

i

‘IIII

L iy
. 1.00000kHz

39 GRADE:

10. l’_r!:-..‘-, MEASURE button and set the appropriate buttons to display Period. Freq, Pk-Pk, Rise
Time and Fall Time of the signal automatically. You need to see one fill petiod on the scresr
be able to measure period and frcqumry./’l'akﬁ a photo of the screen for your report (s

- . - UiDpare
automatic measurement results with those obtained by cursors.
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3.10. GRADE:

’\ -
. Set the trigger mode to NORM. Vary the TRIG LEVEL until the oscilloscope is no longer triggered.
“Note that the last triggered waveform remains frozen on the oscilloscope screen. Set the trigger
mode to AUTO. In this mode, the oscilloscope will show new waveforms even though it is not
triggered /NORM trigger mode can be used if you want to capture a rare event,) For example,
if a waveform has a voltage spike occurring once in a while \you can set the trigger level to the
level of expected spike and set the trigger mode to NORM to capture that rare event. Explain the

difference between Trigger mode AUTO and NORM.

Difference between AUTO and NORM: HOEM Y u.‘-i'l! {or ey s,i:n"u(m CO'A"-T‘M'
(ex - Wwre p!igt :fa*‘-cf oréwf-"_‘f onte w a whill . ;

811 GRADE: |

. Trigger Source: Use the Trigger Source button to choose the signal to be used as a trigger. Press
the Source button to change the trigger source to CH 2. If there is no signal input on CH 2, there
can be no trigger. Change the Source button to change the source to CH 1. Explain the meaning
of source button.

Meaning of source button: VFwzd I 'p'-)gf.ﬁ" A probe e CHL ang Anere g no
,53@\ from CHy , Becou qf At on CcH1 Ahere s O %ciicrrc] ,;.rrul.

o

312 GRADE:



the trigger source is AC 50 Hz power lire of the oscilloscope Press the TRIG VIEW button 1w
see the trigger signal and the automatic trigger level set by the oscilloscope If a pignal related

to 50 Hz line is being investigated. it 1s very convenient: Use the probe of CH 1 to touch vous
finger. Your body acts like an antenna to pick the 50 Hz line signal in the environment  Obserys
the oscilloscope while the trigger source is AC Line. Explain

,mz;t W rnany ued - Ve ned [ quore wona
WSlable  bul hen, woue wrt

% Press the Trigger Source button repeatedly until AC Line s the tngger source  AC Line muwans
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Adjust the si :
gnal generator so that it gencrates a sine wave with a frequency (in Hz) equal to the last

four digits of you
e on};o ﬁ:ﬁtudent ID number. bet the amplitude to 3 V peak-to-peak. Set the oscilloscope

Display the fr -cycle ?f the sinusoidal waveform fillingthe wrmn“ Do not use AUTOSET!
Beak value.is C‘il}ucncy. period and peak-fo-peak voltage values. Note that the oscilloscope peak-1o-
e i & about 6 V pcak—l&pcaiﬁt%ﬁm set value jpthe signal generator. This is normal,

€ the signal generator assumes that it has a load of 50 €. Since the input resistance of the

oscilloscope is much lar‘g&n.ﬁﬂ the signal amplitude will be doubled. Take a photo of the

Sczeen for your report. omment on) the agreement between the signal generator settings znd
oscilloscope measurements: *\"'\\ \
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3.14. GRADE:

W

With frequency set as in the previous step, set the signal generator amplitude to 20 mV’ peak-to-
peak. Notice that the signal is more noisy. Press ACQUIRE button. Change the mode to Average
and 16 Averages. The oscilloscope will take the average of 16 (or 64) samples to reduce the noise

and to generate a better quality display. Use Average mode when the signal is small and noisy.

L
. Set the frequency of the signal generator to 50.L-Hz. Set the amplitude to 5 V. Set the Trigger

source as AC Line. Change the frequency of the signal generator until the waveform on the screen
no longer drifts. Record the frcqggiﬁﬁvalucy:rhis value is equal to the frequency of the AC Line
frequency at the time of measurement. Note that the AC line frequency may shift slightly back
and forth as a function of time.

= HO.0U Wy

3.16. GRADE:

)x Connect the signal generator ZY.\'C output to-EXT input of the oscilloscope using a BNC cable

Set the Trigger Source to E luce SYNC output generates a large ampli square wave signal.
the oscilloscope will have no difficulty with the triggering. Change the amplitude of the input E;Igna_‘
to very small values. Observe that you do not have to readjust the trigger evel and that triggering

is always achieved. This configuration is very robust and it should be preferred whenever possible
Explain the benefits of external triggering. =
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1317 GRADE
ﬂ In this item, the signal generator will be set to generate an amplitude mOdl. l’:my)- g the
‘similar to the output of TRC-1 %cl to signal generator to amplitude modulation .h’. tude
MOD/SWP button and setting it to AM{INT) mode using arrow buttons. Sﬂl‘hem@"'l amplit "

to 5 V,,. Set the frequency to 27 MHz. Press [RATE] to adjust t modulation frequency. fom.
1 KHz. Press [DEPTH] to adjust the modulation igdex-tg 5074 Connect the oscilloscope probe
to the output of the generator. Connect the “Modulatigh™ output of the signal generator on
- oscilloscope using & coaxial BN C

the of the signal generator) to EXT trigger input of the 5
cabley the Trigger source of the oscilloscope to Ext, coupling AC. Press the T'RIG‘ VIEW
button to sec the trigger signal and the trig level. Make sure that the oscilloscope is triggered.

On the oscilloscope, set ACQUIRE to PEAK DETECT. This setting allows good visualization
of an amplitude modulated (AM) signal. The PEAK DETECT setting should be used when the
sampling rate of the oscilloscope is too low compared to the carrier signal. Set the time setting to
500 ps/div. Observe the AM waveform. Plot the waveform below. Observe the signal's envelope

as you change modulating function to Square, Triangle, a.nd'Ramp.

AM Waveform for sinusoidal modulation

T\ AR -isa_ff/ﬂ\‘i@f

W15 GRADE




Set the modulating function to Sine. Set ACQUIRE button of the oscilloscope to the usual setting
of SAMPLE. T?

able to freeze the screen. P, UN/STOP button of the oscilloscope. ‘What
do you observe?fThe high-frequency signal i@aau&e the sampling rate is not sufficient to
capture it, e

— _ S
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