D.C. Fundamentals Trial Mid-Semester Test with Answers

DC ELECTRICAL FUNDAMENTALS
TRIAL MID-SEMESTER TEST

This test is closed book, calculator permitted. * Time permitted 1'% hours.

Answer questions in the spaces provided. * 60 MARKS TOTAL (70% pass)
Clearly label all currents, resistors and voltage drops in the circuits and state any assumptions in
order to obtain a full mark

When calculating values, show clearly all steps, starting with the formula, then substituting with
numbers and finally show the measuring units of the obtained result. Otherwise NO MARKS are
given

Q1) What does the ohmmeter measure? [1 mark]
Ans: Resistance

Q2) What does the voltmeter measure? [1 mark]
Ans: E.m.f (or voltage)

Q3) What does the ammeter measure? {1 mark]
Ans: Electrical current

Q4) Define the term ‘resistor”. [1 mark]

Ans: The resistor is an electronic device, which is deliberately built to oppose the electrical
current with a predefined amount of electrical resistance.

Q5) Define the term “battery”. [1 mark]

Ans: The battery is an clectronic component, which produces an e.m.f. as a result of an
internal chemical reaction.

Q6) How a volimeter always should be connected? (circle the correct answer) [1 marks]
in parallel

n series

¢. doesn’t matter

Q7) How an ammeter always should be connected? (circle the correct answer) [1 mark]
a. in parallel
b.) in series
S doesn’t matter

Q8) How can twenty million Ohms be expressed in MQ? [1 mark]
Ans: 20 MQ
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Q9) How many pA is 0.0000123 A? [1 mark]
Ans: 123 pA
Q10) What s ‘clectrical current’? [1 mark]

Ans: It is the rate of flow of electrons through a certain point.

Q11) What is *voltage™? [2 marks]

Ans: It is the potential difference between two points.

Q12) What does the abbreviation ‘e.m.f’. mean? What is the difference between ‘e.m.f." and
“yoltage’?

[2 marks]
Ans: Em.f. stands for electro-motive force and it is the engineering term for voltage. E.m.f
is the voltage across a battery without a load. E.m.f. is the voltage provided by an ideal
battery (i.e. if the internal resistance of the battery is zero)

Q13) Define the process of ‘measurement’. [1 mark]
Ans: Measurement is the process of comparison between two quantities — one of which has
a predefined value and the other is unknown.

Q14) What does ‘a base unit of measurement’ mean? [t mark]
Ans: In order to measure anything, certain physical parameters with pre-defined quantities
have to be accepted as base units. The international system SI specifies seven base units.

Q15) List the base units in the system SI. [3 marks|
Ans: 1. Meter [m] for length

2. Kilogram [kg] for mass

3. Second [s] for time

4. Ampere [A] for electric current

5. Kelvin [K] for temperature

6. Candela [cd] for luminous intensity
7. Mole [mol] for amount of substance

Q16) What does a “derivative unit of measurement” mean? [1 mark]
Ans: These are units of measurements that are obtained from the base units. For example

km/h is obtained from meter and second, which are both base units.
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Q17) What are the main advantages of the system SI? [2 marks]

Ans: 1. All measurement units are decimal (i.e. based on the number 10 and not on 12)
2. There is a very quick conversion for very large or very small quantities using a
convenient system of Greek prefixes.

3. Simplicity.
4.1t is based on seven base units only

Q18) What does ‘scientific notation® mean? [1 mark]

Ans: In scientific notation, a quantity is expressed as a product of a number between 1 and 9

and power of ten.

Q19) What does ‘engincering notation’ mean? [1 mark]

Ans: In engineering notation, a quantity is expressed as a product of a number between 1
and 999 and power of ten, with an exponent that is multiple of 3 (or zero).

Q20) Why are scientific and engineering notations being used? 1 mark]

Ans: They are useful to represent either very large or very small numbers.

Q21) Which of the two notations is more useful in electro technology? [1 mark|

Ans: Probably the engineering notation, as it offers a quick conversion to the relevant Greek

prefixes (mili, micro etc).

Q22) Express these numbers in a scientific notation [4 marks]

200 = d v \Ci

5000 = Sy 1O
0.000063 = ¢, . gx \b
0.00000015 ox o

Q23) Express these numbers in an engineering notation [4 marks]

0.000047 = LF < 10
0.00000058 = S0« 4079

Q24) Perform the following operations, using powers of ten B ;
(a0 10P) 5 (5 10%) = (0.2 10%) 4 (54 10%) = § dio .
(100 - (35403 = (400 A0™2) ~(201073 )= B 40

(S 105) w (41 ITT) = 20 10
(35, 10%) = (Sx 1T 3)= Sx 07
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Q25) Express cach quantity using a metric prefix [4 marks]

50000 V =50kV
25000000Q=25MQ
0.000036 A =36 pA
0.000000000047 F = 47 pF

Q26) Add these quantitics |4 marks]

0kV + 5000 kV =5050 k
0.63 mA + 10 mA = 10.63 mA
1500 pF + 120 nF = 1.5 nF + 120 nF = 121.5 nF

Q27) What is an atom? [1 mark]

Ans: An atom is the smallest particle of an element, which retains the characteristics of that
element.

Q28) Dravw a diagragmof an stom according o the Boh model Clealy denify sl the pariles (2 marks|
! nevtrons (parhcles will uo dharge)

_protons (posihwely chvvged parheles)

(:) 9
7 :;’/ ©e—clechous (nexp ey (\\AvS\d pg\lr\dcg)
e
Q29) What does the term ‘atomic number’ mean? [1 mark]
Ans: The atomic number cquals the numbers of the protons in the nuclous.
Q30) What is an “electron shell'? [1 mark]

Ans: Electrons orbit the nucleus at precisely defined energy bands, called shells.

Q31) Is it true that electrons at the L shell posses more energy than the ones in the K shell?[1 mark]
Ans: It is true, because the further away electrons are from the nucleus, the more energy
they possess.

Q32) What are ‘valence electrons’? [1 mark]

Ans: The outermost shell in an atom is known as a valence shell and the electrons occupying
it are called valence electrons.
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Q33) Define ‘conductors’. [1 marks|

Ans: These are materials that readily allow the flow of electrical current. Their valence
number is 1,2 or 3.

Q34) Define “insulators’. [1 marks]

Ans: These are materials that greatly oppose the flow of electrical current. Their valence
number is 5 or more.

Q35) Define ‘semiconductors’. [1 marks]
Ans: These are materials, which electrical properties are in the middle between those of

conductors and insulators. Their valence number is always 4. Typically silicon, silicon oxide
and germanium are used.

Q36) How many Coulombs does the number 123.1 x 10 represent? [2 marks]
Ans: Q nuwber ot elechrous
ns: — e . L A
G.dS x O™ elechons /C

4’?““%1/“3 aGxict C=1.9686C s AC

i

S » 10
Q37) The voltage in a circuit is 10 V. The el. charge is 500 mC. What is the energy? 2 marks]
W
A V= —Q—
W= VxQ =40 0.5=53
Q38) What two general types of batteries do you know? [1 marks]

Ans: Primary cells — cannot be recharged and secondary cells, which can be recharged.

Q39) What types of primary cells do you know? [1 marks]

Ans: carbon-zinc, alkaline, mercury.

Q40) What types of secondary cells do you know? [1 marks]
Ans: Lead-acid, nickel-cadmium, nickel-metal-hydride and lithium-ion batterics.
Q41) What are the advantages of the lead-acid batteries? [1 marks]

Ans: They can deliver very large amounts of current at the initial moment.
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Q42) What are the advantages of the lithium-ion batteries? [1 marks]

Ans: They are the most powerful secondary cell batteries and do not suffer from memory
effect.

Q43) How long time it takes to transfer 2 C of el. charge with an el. current of 200 pA?  [2 marks]
7.
Ans: =
1=
Q 2 re . ey
= e s = =40 s = 10,0008 = 166.66win
L 200y lo® = g5 101 2Anyelyo!
Q¥ = ANUG Cowin = Fpie O

Q44) What is ‘memory effect™?

Ans: When a battery is cyclically charged and recharged only to a portion of its full
capacity, it will “forget” its full capacity rating. Subsequently, it will begin to operate on a
lower capacity threshold, determined by the latest few charges and discharges only.

Q45) What is the difference between a potentiometer and a rheostat? [1 marks]
Ans: A potentiometer is a three terminal variable resistor. It is mainly used as a voltage
divider. A rheostat is a two terminal variable resistor. It is mostly used as a current limiting

device.

Q46) What is the resistance value and the tolerance of a resistor marked with red, violet, orange,
gold? [1 marks]

Ans: 27X 10°Q+-5% =27k Q +/- 5%

Q47) Calculate the upper and the lower limit for the resistor value given above [3 marks]
b 0T e c Sx 24 T .
@ 5% of 2300 Qs ‘_*_L;.%;— =135k 0
@ Upper Uit = 03 04 4,35 S =32, 25w Q.
25 65k &

@ Lower Uit = k- 125D =

Q48) What are the main advantages of electronic switches as opposed to mechanical? 1 marks]
Ans: The output can be automated and the achieved frequency of switching can be
extremely high.

Q49) What is the difference between a fuse and a circuit breaker? [1 marks]
Ans: A fuse is a disposable component. After it “blows™, it has to be replaced. whereas the
circuit breaker can be reset and used many times. The disadvantages of the circuit breaker
are its size, complexity and cost.
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QS0) Find the resistance of 2 100 m copper wire, with a cross-sectional area of | mm . The
resistivity of copper is p (Cu) = 175 x 10 Qm. [3 marks]

f\‘(o'\ converf 4he cross-sechonal area How w
1o 2 Look &t the drawwug:

) v { |
_L\AA\MA Lo = S
Az Aww x ’lw\\M W *(J = Lwaww
=) Ax O w O C’ \M
Q:JDA - 135%10° 22 stk}z/{ff
- L35
——>
Q51) In the circuit below calculate the value of the current. 13 marks]

Nete: Cleacly babel all @reut
Cowponents amd  Curremts |
betoce commenaug ¢ leulahoug !

Re
EiaeR

Vs _ 0 . 10, 10734 = IOwA
o* —

Q52) For the circuit in the previous question Q12 what resistor power values you would use?

Vs 0> 1o S0 AW W] 13 marks]

N R~ oo T 000 -
2y 2 0. AW EIH\‘J]’\'\l\;
- T?p- (0.04) % Hoco= O (Ao

P - T,V= (0.0 %10 0.4 W e \\J]j
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Q53) What is the cost of the consumed electrical energy, if a heater with a power rating of 2500 W
is switched on for 10 hours? Use the domestic supply tariff for Western Australia, which in July
2012 was 24.8866 cents/kWh. Disregard the daily supply charges.
Ans: Power consumption = power rating X time = 2.5 kW x 10 h =25 kWh
Cost = power consumption X price = 25 kWh x $0.248866 = AU § 6.22
Q54) Given the following circuit calculate the total resistance.
Ry Ry | Ra

[3 marks|
]
QLo dakQ

QX’ Q\+ Rot Ra =
= 100+ 100 + 200 =
0=

:53(‘/0@:3&\&_,51
———— o o— 1 —_—

Q55) Given the following circuit calculate the total resistance.

[3 marks]
1

Q56) Calculat~ the power rating of the resistors from QS5 above assuming a power supply of 10V.
kA 2 o .
YRS (SR« SR I\ B VA
BT oR T TH00 T 100

[3 marks]

eustors
. el > - N = 0N km»w}\\;&\
p%: \é:: 4\0 - Akov - 0AW Tlw) poer
& _Ao®

rehugs
= 1O | p.ooysw THBWl e
Pa DO N
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Q57) Calculate the following circuit using three different methods of calculation. By achieving the
same result three times you can be certain in its correctness. Also, in such a way you demonstrate
thal you can correct your mlstakes mdependently without the need of a tutor. [6 marks]

Yoz o ellod 4

400 | take| BrERells-
= 200+ 400 + 40 =
= IBOO = L8kl
o V_Q’;: 25=5.55uA
Vg, Tx RS S5¢10 5 a00=
>
o,z TuR,= B.ESNO R 4=
. = L3V
V%:Ix\ggz S.SS*\(S%( R0 =
= = 6. 66V
“Viey+ Wey+ Gley= 40 _Metuod &t
,\ v W =40 Vo= Vo + VeatVex =
ez 8= LV S L 1A42.2346.66=
waz Vg =ax 1Ak = 2.9V = 3.90Y
5 T " ob i Haree N
ene Glg =Gr L AL= GELY i;’i\ Som SRS Hoe
QSS) The input power of a machine is 150 W. The efficiency of the machine is 75% ‘What is the

output power? [2 marks]

ehicieneny is dten lobeled witk te Greele \etler ‘e{gY/

- 2

ﬁi_ * 10O [ l
P\V\
o Pwex¥ 8035 4 5w
POU*» [QD N \OO v%‘ |

: \ R
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Q59) Calculate the following circuit using three different methods of calculation. By achieving the
same result three times you can be certain in its correctness. Also in such a way you demonstrate
that you can correct your mistakes independently, without the need of a tutor. 16 marks]

Metuod 4+
10 -
22 _-0.05A=DwA

I‘:'E‘\:
| T N - 10 _ _ )
| | Tt OO dSud
I ~_ Ns_ 10 _o0n W 8 ALWA
= S E—mfo.&,f,é%&\ Ejlwl
IT:I\JrLﬁXs:
=SD+AS+ 2.22,= 8%, 23wA
&“\ Bndiug Aue \C,k\\l e sstauce
and A \p\\\m Ohw's, law | we

Qlatain  We "sawe Sy 'fli?,\*
> AT *L\‘ \L\\\'t\,\\ VRV

33 &wA\ We st ekl

Tee suw of e tee locanch u\\m\\\\ \V\\lx
equal Wug Wuwmber | becadse we <

Aledee d M\x Loce witi Methicd 4 aud .
\[/ *’\T*\\,\ w\\k\\\ here k\ \\Y\VJ:\'\
) £ wh Juldda weads gk Hie

é TAI,+T,=32.33) Bl m\wu\ for I, \‘ \de
ZT +% + %:85.%3 will ke also ;\5¥;u<[\ WA

2 OT AALAT, 2 6x B2 ~ Note: Only il ot e

) T,= SO0 . ueghons solved here
© lg‘DOgO ; %;m\\ ke Qiven +O 30&1
L= VSUMA “~ END OF TEST| on the actual test!

Check k!
lz: T ,; S’D/Z_ ISwA (Check your wor
Ta= Tiabiam ole=¢ 5_>>W\A
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