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The paper deals with the interpretation of the resistance of incandescent light bulbs in series and parallel connection. It has been established

that the temperature dependence of resistance for these types of lamps always manifests itself in school experiments. Therefore, the basic
knowledge related to the temperature dependence of resistance should be taught to the students in a specialized school on the basis of the
didactic principles.
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1. Introduction According to their explanation, the thin part of the filament

_ _ o is mechanically weak. When the bulb is turned on or off, a
Recent years have witnessed a growing academic interest §dden thermal change causes mechanical stress that leads to
teaching methods of the topics related to the electricity ing breakdown of the filament at its thinnest point.

physics subject. A large number of studies in literature has g4 ma authors [24] described the principal electrical and

explored the students’ difficulties in understanding of elec'optical characteristics of an incandescent lamp (incandes-

trostatics and electrical circuits as well as strategies that MaYant light bulbs) in teaching introductory electricity and mag-
be useful for them to learn these topics [1-14]. netism.

The e_xperlmental and theore’glcal works regarding Incan Recently Jing and Chandralekha [25] have given a com-
descent light bulb are always of interest to both types of in- : : e \ .
; . e ; rehensive review on the difficulties of students’ reasoning
vestigator in physics: scientists and pedagogies. Some stud- . . .
) ; . . nd approach in solving problems about the brightness of
ies [15,16] attempted to define the physics of incandescent . . . ' . o
! : non-identical light bulbs in series and parallel circuit. Com-
lamps in terms of the technological structure and showed _ .
; . paring the results of the work of students and groups of gradu-
working function. g
S . ate physicists, they have found that these problems are related
Some studies investigated the temperature dependency . . .
. . non-identical light bulbs.
incandescent lamps [17,18]. Regarding the temperature o ) i _
Despite the theoretical and practical study of the temper-

the light bulb, Bruce [18] found that the non-linear tempera- | )
ture dependence of the resistivity has a significant effect on 8Uré dependences of resistance for the incandescent lamps

60-watt lamp. Agrawagt al. [19] using bulbs of 10-1000 W in the papers mentioned above, there are conflicting opinions

estimated the efficacy of incandescent light bulbs as a func@M0Ng specialized school students on the changes in the re-
tion of temperature Darren Vit al. [20]) explored teacher’s sistance value of the_ lamp during experlmen_ts such as series
understanding of power, a potential difference of light bulbnd Parallel connection of lamps, as well as its measuring by

in series and parallel circuit. They qualitatively showed thatth® .dev_ices.fTrr:is c;m also b? explainedf byhth(_a incorrect orf—
it is difficult for teachers to apply and integrate concepts inggnlza_ltlc_)n of the e ucatlong Process of physics In te_rm 0
didactic issues. Therefore, in this paper, it was investigated

physics, closely related topics. In result, they offered the im- X X ) k i

portance of temperature dependence of the bulb resistance fi€ resistance of incandescent light bulb in series and parallel

the teaching process of electricity. CII’_CUI_t W|th|n_schoo_l laboratory condition from the didactic
Carla [21] comprehensively explored Stefan—BoItzmamnpr"f":”o":“S point of view.

radiation law with tungsten filaments of commercial incan-

descent lamps. It has been described the total dissipated

power by the lamp Lubos [22] presented a solution for the2. The experiment

problem of the real efficiency of incandescent bulbs when

taking into consideration of both light and heat effects of theEquipment used in experiments: incandescent light bulbs

interior illumination of buildings. MH 6.3-03 (E10/13, 6.3 V and 0.3 A, resistance atQB
Taking into account the evaporation of half the radius of3.5 + 0.1 2), voltage source rectifier BS-24 DC voltage

the filament during the lifetime, Dulli and Jayaram [23] esti- 0 ~ 104+0.5V, DC Ammeter for School Education (Yongjing

mated the average evaporation rate. They also noted a paAMP001, Measuring Range:-0.2 A ~ 0 ~ 0.6 + 0.05 A,

sible reason for limiting the life of the incandescent lamp.—1 ~ 0 ~ 3 £+ 0.05 A), DC Analog Voltmeter for Educatio
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FIGURE 1. Scheme of a lamp circuit (on the right) and its model in
the program Edison 5 (on the left). i
- '\""
+\ I"‘.
&
ST {R) b n
|’\;;- :
——i——{A) ”n 0
(S—A&hH
= ‘
@
'-A'. -
SR '@} W
A 1 (A
E—8 @
.'..*.'
& (A ey
@ (®H
':.A'."
i
— i {Ry
FIGURE 3. Scheme of parallel connection of incandescent lamps
@ (on the right) and its model in the program Edison 5 (on the left).

FIGURE 2. Scheme of a series connection of incandescent IampsSIStance of the lamp filament is calculated. Furthermore, it

(on the right) and its model in the program of Edison 5 (on the left). Nas been Ca_rried out the experiments "?‘bOUt series and par-
allel connection of the lamps. The readings of the ammeter

and voltmeter were recorded (Fig. 2, 3) with sequentially

(Yongjing VLT005 Measuring Ranged) ~ 3 ~ 0.05V, increasing the number of bulbs under the constant value of
0~15£0.1V, 0~ 300 % 2 V), digital Multimeter M3900.  the current source,e. each time when the next lamp con-
Rectifier BS-24 converts an alternating electric current with enected serially (Fig. 2) and in parallel (Fig. 3) to the circuit,
frequency of 50 Hz and a voltage of 220 V to alternating cur-the readings of the voltmeter and the ammeter in the series
rent with a smoothly regulated voltage from 0 to 30 V and anand parallel circuits are registered.
electric current up to 10 A, as well as to rectified current with  Furthermore, the results of series and parallel combina-
a smoothly regulated voltage from 0 to 24 V and a current ugions of lamps in the open circuit via a Digital Multimeter
to 10 A. The maximum power consumed by the rectifier canlM3900 were analyzed. The purpose of the selection of 60 W
reach 500 W. bulbs was its being easily accessible for students. However,

Firstly, the volt-ampere characteristic of the light bulb | have not used these lamps with students in a closed circuit
was registered and modelled using the Edison 5 prograrfor safety issues. The resistance of the one and two lamps
(Fig. 1). Afterwards, through formulaR=U/I), the re- have been consistently registered (Fig. 4). In other words, |
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FIGURE 4. Measuring the resistance of lamps with the same power FIGURE 5. Measuring the resistance of the lamps with different

through the Digital Multimeter M3900: separately (a, b), series (c). Power through the Digital Multimeter M3900: a and b separately,
C series.

| connected light bulbs (60 W) to a tester and photographegqcts and was not registered any changing. However, the re-
the results of such experiments. In Fig. 4, it is visible thatsjstance of the lamp (0.6 W) was Xlland at the end of 2
the tester shows a reduced resistance of light bulbs that afgyurs, increased up to 268 This fact may be explained as

switched in series connection. follows: if taking into consideration the dissipated power by
In Fig. 4, the sum of the resistances measured separateffe bulb and the heat capacity:

for the light bulbs of 60 W: 68.8 + 64.1 = 1328 However,

by measuring the resistance in series, the device will “reduce” Q = I’Rot, Q=mCAT,
the reading to 132.72. A similar difference is observed for oI2R2t
the lamps of 60 W and 0.6 W (Fig. 5):1 + 65.8 = 67.9 . AR = aRoAT, AR-= 0

Nevertheless, the device will “reduce” the reading to 67.6 pve
In result, the formula ofR,.,;.s = Ri + Ro shows a wherel - electric currentAR - change in temperatur& -
decreased value of the resistance of the “cold” filament (filainitial resistanceR - final resistancey - mass of conductor,
ment without electric current running on it) in series connec-C' - specific heat capacityy - temperature coefficient of re-
tion. sistivity AT - change in temperatur®; - the volume of the
Afterwards, to clarify the “errors” occurred by measuring conductoryp - the density of conductot,- time. Thus, itis ex-
lamps 60 W and 0.6 W with the Multimeter, the resistance ofpected that the resistance change as the time increases. These
each bulb, measured for 2 hours in an open circuit througlobserved facts must be taken into account, and it should be
the Multimeter. So, the resistance value of a 60 W lamp wainformed to students during experiments regarding the con-
registered (68.82) for 2 hours without breaking off the con- nection of lamps.
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TABLE |. “Cold” and “hot” resistances of lamps with different power.

Power of lamps, W 25 40 60 75 100
“cold” resistance of lamp filamenf} 150 92-99 63-66 42-48 36-42
“hot” resistance of lamp filamen©) 1936 1210 807 645 484
Rhot/Rcold 12 12 13 13 12
Lms a R.Q b . its length in a lamp is created like an about 2 cm. Students
i g = Y can systematically conclude research in the laboratory: the
40 " ” rising electric current through the incandescent filament with
’ 20 ¥ increasing the value of voltage source (UO) (Fig. 6a) begins
201 i ol P to heat it, its resistance is increased (Fig. 6b). This increase
¥ in its turn prevents a linear increase in electric current with
£ . ! . o growing resistance of the lamp. Besides, in order to show the
0 1 2 20y

difference between “cold” and “hot” resistance of the light
FIGURE 6. The dependence of the electrical current (a) and resis-bulbs. | measured several the “cold” and “warm” resistance
tance of lamp (6.3 V and 0.3 A) (b) from the voltage source. of incandescent lamps under AC voltage source of 220V (Ta-
ble 1). As shown in Table I, the resistance of the lamps in the

At last, in order to make a comparison between those ob«cold” condition is minimal; however, the passing electric

tained facts, it has experimented with the parallel connectiogyrrent through the filament increases its resistance by 12-13
of lamps. The readings of the ammeters, voltmeter, and amimes.

meter in the circuit were registered by connecting each lamp  An ohmmeter measures the resistance of the lamp used in
continuously in a parallel circuit under the constant value ofour experiment, and the “cold” resistance is 8. 5However,

the voltage source (Fig. 3). according to the nominal values on the lamp (6.3 V and 0.3
a), the resistance of this lamp (6.3 V/0.3 A=92])is 21 Q.
3. Results and discussion The “hot” resistance of the lamp, which we use in the exper-

iment, is six times greater than the “cold” one. Therefore,
From the experiments, the graph of the volt-ampere charadn investigations related to the resistance of lamps, students
teristics of a lamp was presented in Fig. 6a. Then, througishould be explained the reason of the difference between the

precise calculations resistance they received from the nominal readings, and the
“cold” resistance measured by an ohmmeter, and its effect on
7= Yo R= Yo electrical circuits.
R’ I’ It is shown from the dependencies obtained from the ex-

and taking into account the internal resistance of the RectiPeriments carried out with one lamp (Fig. 78, it was pre-

fier BS-24 & 8 Q), the curves showing the dependencies ofsented the dependencies resistance and electric current run-

electric current {) and resistance of the lamg) from the ~ Ning through it from the voltage drop of the lamp, registered

voltage sourcel(,), are presented in Fig. 6. by the voltmeter. As aresult, it is observed a non-linearity in
Figure 6 shows that the non-linear dependent@g,) these dependencies. _

and R(U,). But the literature indicates that for a resistor, ~ 1Nne non-linearincrease of voltage drop may be explained

these dependencies must be linear. After showing the studeRY two factors U = I Riamp). The first is the electric current

the different results between filament and resistor, this “phe{/) @nd second is the resistance of the latfipp). We know

nomenon” can be explained to them as follows: the incandedbat when the value of voltage source increases, the electrical

cent filament of the lamp is tungsten, and as the temperature

of the metal increases, its resistance also increasesyith L a . b

increasing the voltage source, the electric current in the cir- 5 16

cuitincreases. It leads to a rise in the amount of heat releasec _, |

from the filament following the Joule-Lenz law. However,

the theoretical part of this physical phenomenon is compre- ** |

hensively described in some papers [18-20]. But there are nc o. | 04

didactic aspects of this phenomenon in the literature. There-

fore, students should be encouraged to explain in detail why o 10 20 o RO 0 » 2 Lma

it is necessary to choose metal like tungsten for the incangigure 7. The dependence of voltage drop from the lamp resis-

descent lamp, and why the diameter of its cross-section is 4fince (a) and the electric current passing through the lamp (b) in

microns, and the length is 50 cm as well as by which wayone lamp circuit.

Rev. Mex. . E E 18 (1) 90-96



94 G. MOVSUM OGHLU SHARIFOV

SR a LmAd b resistance also increases. In other words, despite the decreas-
50 ing the “hot” resistance of each series-connected lamps, the
, total resistance of them rises.
. o The curves show that as the number of lamps connected
oy in series increases, the voltage at the ends of the lamp drops
— : o : (Fig. 8a) and the electric current in the circuit decreases
(Fig.8b). Because when the number of lamps increases, the
total resistance increases (Fig. 8c, blue) and it results in a

“i’ c . ROLNY d reduced electric current. But the cost of reducing the elec-
L = . tric current, depending on the resistance, is less than the cost
i d 100 S of its reduction by increasing the number of lamps. This
T 50 1 A ’ also leads to a decrease in the voltmeter valiie=£ IR)
| _ i N T 1 (Fig. 8a). Besides, the electrical resistance of each bulb is
0 2 s 6 n 0 2 4 6 n reduced (Fig. 8c, red) and the power (Fig. 8d, red) decreased

FIGURE 8. In the series connection of lamps depends on the num-too' This fact also means that the brightness of the lamps is

ber of lamps from voltage drop (a) and electric current (b), the total Feduced. This change in lamps can be explained as follows:

resistance (c, blue), the resistance of the bulb (c, red), the totafh€ number of series-connected lamps ciredlit> total re-
power (d, blue), the power of one lamp (c, red). sistance in the circuiR?; T=- the current in the circuif |=

quantity of heat that passes through the la@ip=- tempera-

current increases (Fig. 7b), but at the same time the tenture of tungsten wird’| = resistance of tungsten wire| =
perature also increases, and this fact in its turn, leads to rigshe resistance of the lamp decreases.
ing of the resistance. Here the students may face a problem. One interesting fact related to the series combination of
Because, when the resistance of the lamp filament increaseamps would be more appropriate to show to the students.
(R 1), the current passing through it decrease$)( As are-  So, when a certain number of lamps are connected in series
sult, the value of the voltmeter is expected to remain constarnh a closed-loop, the final resistance is higher than the to-
according to the equation &f = IR. tal resistance in an open loop. It is because the resistance

Nevertheless, this constant was not observed. This caof incandescent lamps in a closed loop is higher than in the
be explained to students as follows: as the value of voltagepened loop. In this regard, the experience conducted with
source increases, the temperature of filament increases wigd W bulbs will help students to acquire more in-depth sci-
the increasing electric current passing through the lamp. Thientific knowledge about the serial connection of lamps in an
also leads to an increase in resistance and a decrease in elegen circuit (Fig. 4, 5).
trical current. This decrease prevents a linear increase in the As we know from the general course of physics any, even
electric current (Fig. 6a). However, if you take a resistor in-the smallest electric current heating the wiring will have a
stead of a lamp, the resistance increase will not be observeghermal effect on it. By measuring the resistance of a light
In this regard, the physics teacher may also compare the arbulb with a multimeter, we pass a current through it. The
meter and voltmeter readings in circuits with the resistor anglectric current from the Multimeter is smallest, but it ex-
lamp. It can also give students an in-depth knowledge of lampsts. Therefore, by measuring the resistance of the filament,
resistance calculation. we heat it; as a result, the value of the particular parameter

After analyzing the readings of the ammeter and volt-changes. Roughly speaking, the Multimeter is also “lying”.
meter in the circuit with the lamp, students need to be awarghe Multimeter does not show the real value of the filament
of the difference between features of a series and parallgeksistance. In order to make sure of this circumstance, you
combination of lamps. Therefore, after studying the charcan do a simple experiment.
acteristics of an incandescent bulb, students may show great You can use the same Multimeter to select two bulbs with
interest in the investigations of its series connection. For thishe same “cold” resistance, and measure the resistance of two
purpose, the ammeter and voltmeter readings in the circujulbs: first separately, and then connected in series. Repeated
are recorded by series connecting the lamps in turs withmeasurements show that the sum of the resistances measured
out changing the value of the voltage sourt@ = 2.8 V)  separately does not match the total resistance of the series
(Fig. 2). The certain formulas are used to calculate theonnection. In other words, | measure the resistances of light
resistance of each bulbiam), voltage drop {) and its  pulbs individually. Then | measure the resistance of the serial
power (Fam), as well as total circuit resistanc&4) and total  connection. Even though the accuracy of Digital Multimeter

power (). M3900 is in range 200 + 0.1% of a reading digit, | have
U U consistently observed that the sum of resistances measured
Riam = T R, = 70, Pam=UI, P, =Uyl. “singly” is higher than the total resistance of light bulbs in-

cluded in series (Fig. 4, 5). It is because the series resistance
The graph (Fig. 8c, blue) shows that as the number obf the two coils decreased the current from the Multimeter,
lamps connected in series to the circuit increases, the totaind the flaments heat up less. In a series circuit, if the volt-
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uv a I,mA b
3 300
. U
B e e . Riamp = 7. Bam = Uljam.
1 100 i lam
. sl L This fact may be explained like this: increasing the num-
f 4 4 .- ) : i . ber of parallel-connected lamps to the circuit leads to rising
RO & W i . in the total current passing through the cyclg.( However,
01 e 2 the current passing through each lamp.{) becomes the
® i - same due to the dividing the total electric current into the
. e i P number of branches. Besides, with the increasing the num-
= i 1': e ber of parallel-connected lamps, the total resistance decreases
¢ z & & & o 2 a & & (Fig. 9c, red), however the electric current increases (Fig. 9b,

FIGURE 9. In a parallel combination of lamps the dependency of blue).

the voltage drop of the bulb (a) and the electric current passing Being paid attention to curves in F'g_' 8? and in F'g'_gb
through the lamp (b, red), the total electric current passing through(PIU€), one can conclude that the curve in Fig. 9b (blue) is in

the cycle (b, blue), the total resistance (c, red), the resistance of on@greement with circuits in parallel. Because unchanging of
lamp (c, blue), the total power (d, red), the power of one lamp (d, the resistance for one lamp (Fig. 9¢, blue) leads to an increase
blue) from the number of lamps. of the total electric current passing through the cycle (Fig. 9b,

blue). However, in the case of Fig. 8a, the behaviour of the
age applied is constant, the current is the same for all elezurve is not a straight line as is expected for circuits in se-
ments [26]. Moreover, when we measure the resistance of thges. On the one hand, the non-linear in Fig. 8a could be due
light bulbs separately, the current appeared by the Multimeteto the decreasing the resistance of each lamp with decreas-
became higher and as a result, the small increase in the terimg temperature of tungsten that caused by the increasing the
perature of the filament is accompanied with the growth inseries-connected lights. On the other hand, despite resistance
its resistance. This fact manifests itself in measuring devicegenerally increases with temperature, however for only small
i.e. the readings of the Multimeter increase accordingly dugemperature changes the resistivity varies linearly with tem-
to the heating process of filament during the measurement. perature;p = po(1+aAT), wherex is the temperature coef-

Previously, it was impossible to detect this difference us-icient of resistivity. Nevertheless, in our case, an addition of
ing the analogue ohmmeter. Now in any house, there is a dighe second series-connected bulb to the circuit resulted in de-
ital Multimeter, and anyone can do this simple experimentcreasing of resistance for each lamp from 38.8 to 2¥.9t
The difference in resistance is small, but the difference is nomeans that using the formula & = Ry (1 + aAT), with
ticeable. a(tungsten = 4.5 x 1073/°C, the DT is around -6Z.

When studying some of the results obtained from the seTherefore, it does not change linearly. This fact manifests
rial connection of incandescent lamps, it is appropriate tdtself in the voltage drop of one bulb. In other words, taking
conduct experiments on its parallel connection. For this purinto consideration the formula of voltage drdp & I Rjamp)
pose, the electrical circuit was assembled (Fig. 3). Then théor one lamp, then non-linear decrease of voltage drop can be
readings of ammeters and voltmeters in the circuit are regisaffected by two factors: not the straight rise of total resistance
tered without changing the voltage sourég (= 2 V) with with increasing of series-connected lamps (Fig. 8c, blue) and
a simultaneous connection of lamps (6.3 V and 0.3 A) to thenot straight reduce of the electric current that passes through
electrical circuit (Fig. 9). the bulb (Fig. 8b).

When the next lamp sequently is connected parallel in As can be seen from those as mentioned above, the spe-
each branch, the ammeter is also connected in the sangéfic contradictory facts (Fig. 8c, red) are revealed in the
branch. In other words, as the number of lamps increasesgries-connected electric circuits of lamps, as well as in the
so the number of ammeters in the circuit increase too. Basedeasurement of the lamp resistance with a digital multime-
on data obtained from experience on parallel connection, thter. The physics teacher should systematically explain to the
resistance of each lamfm), the total resistanceR(), the ~ students the reasons for these facts from a didactic point of
power released in the circuiPj, the current passing through view and continuously keeps the events related to the tem-
the lamp (jam), the total current passing through the cycle perature dependence of the lamp tungsten filaments on the
(I,), the voltage dropl(), the total power ;) and the power temperature in the centre of attention, as well as the choice of
of the lamp Famp) Were analyzed among the students. the correct teaching methods in the process of their teaching

The pictures show that as the number of lamps connecteldOCesSS.
in parallel to the circuit increases, the voltage drop at the ends
of the lamps (Fig. 9a) and the value of ammeter (Fig. 9b,red.  Conclusion
do not change. As a result of the following equations, it be-
came known that the lamp resistance (Fig. 9c, blue) and it¥he above-reviewed and -studied experiments in the special-
power (Fig. 9d, blue) do not change. ized school laboratory showed that students due to highly cre-
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ative, searchable abilities faced different hardships and misstandings. Otherwise, the students will observe multiple “de-
conceptions while exploring the resistance of light bulbs. Fowice errors” in physics laboratory works regarding the resis-
this reason, the physics teacher should give detailed and motance of the light bulbs.
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