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The role of research tasks in teaching physics

The aim of the study is to prove the relevance of research tasks in teaching physics on the example of the
«black box». The ability to use basic formulas, to know the units of measure and their ability to influence
logical and abstract thinking is improving students' knowledge during the Physics Olympiad. Algorithms and
necessary instructions are used to calculate the tasks. The period of application of knowledge in practice has a
leading place in the learning process because comprehensive activities of pupils in the execution of tasks are
carried out through a great mental work. The Olympiad tasks allow to use creativity and thus expand the
scope of their application. It is necessary to take into account that students cannot do without realistic mental
activities on the basis of the analysis of the theoretical and practical skills required for the release of the
Olympiad tasks. Solving the experimental tasks it is necessary to choose the theoretical proof, the method of
its solution and evaluate the process of measurements, estimate the errors and analysis of received results.
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Introduction

Undergraduate instructional labs in physics generate intense opinions [1]. Organization of experimental
research in physics at school is one of the essential elements of developing student's creative abilities. Tasks
require the use of physical laws in any particular situation. That's why experimental work is important in
helping to clarify the students' knowledge, to see the different aspects of general laws. There is no practical
value for knowledge without experiments [2].

The experimental-research work is based on the development of the deeper study of physical laws, in-
tensification of motivation, persistence in achieving the goals, the desire for physics, the ability of self-
education and self-comprehension [3].

During the physical experimental research work of students, the following features are formed:

— Searching — finding out skills, increasing enthusiasm for knowledge.

— Uses textbooks, teaching aids, various definitions, and works with many scientific books, self-study

and self-improvement.

— Logical thinking skills, and further identification and proof of attitudes.

— Self-study, self-education, self-evaluation, self-determination of the results of their work.

They are convinced that success in experimental research work, success in creative activities, overcome
difficulties in life, and the ability to take responsibility for their own work.
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Method

The importance of organizing experimental research work is comprehended by modern physical phe-
nomena for the formation of modern physics teachers. In turn, we have put forward a study of the technique
of physical experiment using the «black box» method. This method is compact, ergonomic and environmen-
tally friendly and easy to use. The black box method in organization of experimental research works in fol-
lowing algorithm can be carried on:

1. Formulation and justification of a hypothesis that can be used as the basis for an experiment.

. Determination of the purpose of the experiment.

. Clarification of the conditions necessary to achieve the goal of the experiment.

. Planning an experiment.

. Selection of the necessary devices and materials.

. Collecting installation.

. Conducting an experiment, accompanied by observations, measurements and recording their results.
. Mathematical processing of measurement results.

. Analysis of the results of the experiment, formulation of conclusions.

Process skills are fundamental to science, allowing everyone to conduct investigations and reach con-
clusions [4].

As an example we present the solution of the following task:

1) In the circuit diagram shown in the figure 1, all voltmeters are identical and have a resistance of
R =1.00 kQ. Find the readings of all voltmeters if an ideal source with voltage € = 9.00 V is connected to
them.
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Figure 1.The circuit diagram

A black box is connected instead of one of the voltmeters, the current-voltage characteristic of which
have the form shown in the Figures 2 and 3 below, where Uy = 1.00 V and /,= 1.00 mA. Further, assume that
the voltage given by the source can be adjusted.
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Figure 2. The circuit diagram of with black box  Figure 3. The current-voltage characteristic of the circuit

2) Which element is necessary inside the black box.

3) Find the maximum power generated by the black box.

4) Find the voltage of the source €, at which the black box generates maximum power. What are the
voltmeter readings in this case?

5) Find the voltmeter readings when the source voltage is equal to zero.

6) Find the readings of the voltmeters when the source voltage is € = 3.00 V.
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7) Find the source voltage at which the current in the black box is maximum.
8) Find the readings of the voltmeters at the source voltage equal to e =2.10 V.
9) Find the maximum source voltage at which the current is not equal to zero.

Results and Discussion

1) It is known that voltmeters show the voltage on themselves. The resistance of the voltmeters con-
nected in parallel is

RR R
K= r ™2 (0
and the equivalent resistance of the circuit
R,=R+R, =§R' 2)
The current which flows through the voltmeter V; is
€
I= E 3)
and hence the voltage across it is equal to
V.=IR= %s =6V “)
Voltage across voltmeters V, and V3 are equal to each other and constitute
V2=V3=8—V1:%£=3V. %)

2) It follows from the current-voltage characteristic that at a voltage equal to zero, the current through
the black box is not zero. This means that there is a power supply (battery) in the black box.
3) The power generated by the black box is equal to
P=1IU (6)

uY (1Y
[U—J *[ﬂ -t @

From the symmetry of expressions (5) and (6) it follows that the maximum power is reached when
U I

U= I=& (®)

1
P =—X
max \/5
4) Let the black box generate the maximum power, then the current in it and the voltage are given by
the expression (8). The current flowing through the voltmeter V, is

where

and is

U,I, =0.5mW 9)

U,
J == 10
2= p (10)
and hence the current flowing through the voltmeter V is
I
IL=0I+-. 11
=ht n

Hence we find the voltage of the power supply
v +11R:U0+1—°R. (12)

) NG

In this case, the voltmeter readings are equal
U, +1,R

NG

=0.71V. (14)

Vi=IR= =141V, (13)

U,

>

VI:
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5) Suppose that the voltage drop across the black box is U, and the current flowing through it is /. The
current flowing through the voltmeter V; is

U
I, = = (15)

and hence the current flowing through the voltmeter V is
L=5L+1I (16)

Hence the voltage of the power supply
e=U+1LR=2U+IR. (17)
Thus, the current flowing through the black box depends on the voltage of the power supply according
to the law
e-2U
I= i (18)
For convenience, we rewrite relation (18) in dimensionless form

I_eU, U,

= . (19)
I, U,I,R U, IR
Simultaneously with the relation (19), there is a relation between U and I, expressed by the current-
voltage characteristic

2
1,,[1— [UEJ Ug <1
— 0 0
1=1, i (20)
—{>1
UO
Solving jointly (19) and (20) with £ = 0, we obtain
U =—U,———— 1)
1+ 2y
I,R
2U,
IR
1= 100—2. (22)
14 2%
I,R
Thus, the voltmeter readings are equal
V==V, :UO%:0.45V. (23)

14| 2%
I,R

The corresponding graphical construction is shown in the Figure 4 below, on which the straight line
corresponds to equation (19).

1,

=2 -1 0 1 2
ury,

Figure 4. The current-voltage characteristic of the corresponding graphical construction
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6) In the case of a voltage equal to € = 3 V, the construction yields the following in the Figure 5

1,

-2 -1 0 1 2

U,
Figure 5. The corresponding graphical construction with a voltage equal to e =3 V

from which it can be concluded that the current flowing through the black box is zero, and the voltage on it
coincides with the voltage on the voltmeter:

v, :%:1.51/. (24)
Hence the voltage across the voltmeter V is
e €
V=e——=—=1.5V. 25
| 7=> (25)

7) The construction should give the following as in Figure 6.

I,

-2 -1 0 1 2
U,

Figure 6. The corresponding graphical construction with a voltage equal to e = 1V

From which we determine that the source voltage is equal to
e=U,=1. (26)
8) Solving jointly the system of equations (19) and (20), we obtain two roots
2¢U, , |, 4U, g
IR’ LR IR’
4U; '
I R’
This case corresponds to the construction shown in the Figure 7.

U=U, 27)

1+
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u,

o

-2 Bl 0 1 2
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Figure 7. The current-voltage characteristic of the construction

To a stable solution there corresponds a smaller of the roots, which is equal to

2eU, 4Ue;
2p2 + 2R212R2
I'R 1
U=U,—2 4(;2 S =0.69V. (28)
1+ 2 02
I;R

9) Not all points of intersection of line (19) and semicircle (20) correspond to stable values of current
and voltage in the circuit. Let us determine which points are stable. Let the voltage on the black box increase
by some small value 3U, then the current through it decreases by a certain value of 6/. The change in current
through the voltmeter, which is connected in parallel to the black box, is equal to

dU
For the stability of the solution it is necessary to have a condition
-8l + I, >0, (30)

since in this case the current through the voltmeter V; increases, and this will cause a drop in voltage on the
black box and voltmeter V,.
From (29) and (30) it follows that
of 1
SU < 7 (€28
Condition (31) corresponds to line 1 in the figure, which is tangent to the circle and its slope to the x ax-
18 18 Uo/]o R.
Passing through the point of circle A straight line 2 from equation (19), we find the maximum voltage
of the source

g=-Lo 2R 5 oy (32)

2
| LR
UO

The construction should give the following Figure 8.

UM,

Figure 8. The construction of the final diagram

140 BecTHuk KaparaHgmHckoro yHusepcurteTa



The role of research tasks in teaching physics

Conclusion

Practical assignments can be used to introduce new concepts and formulas in the lesson, clarify the
learning laws, and draw closer to the content of new materials. It is important to pay more attention to the
ways in which it can be detected and not to pay attention to the ease or difficultness of the research. Thus, the
student learns to work independently. These can be adjusted to target the development of a wide range of
specific skill sets as well as deepen students understanding of different physics principles and concepts
[5-7]. Black box method enhances students' interest in learning, which in turn promotes the development of
personality as a future professional. In carrying out such research work, students acquire practical skills in
experimentation, the ability to put forward hypotheses and find ways to test them. Students learn to analyze
and process the information received, present it in the form of graphs, diagrams. Undoubtedly, research work
by students forms the independence and creativity of thinking.
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H.H. lllyrom6aeBa, P.I'. Koxab6aes, H.K. Tanamesa, I'.C. AnraeBa, M. CtoeB

@u3UKaHbI OKBITYAAFbI 3¢PTTEY TANCHIPMAJAPBIHBIH POJIi

3epTTey/iH MakcaThl «Kapa JKOLIKTiH» MbICANbIHIA (U3UKAHBI OKBITYIaFbl 3€PTTCY TalChpMalapbIHbIH
MaHbBI3ABLIBIFBIH AoJeaaey. Herisri dopmynanapasl KojmaHa aiy, ejmeM OipiiKTepiH Oily, oJapasiH
JIOTHKAJIBIK oHEe aOCTpakTi oiiay KabineTiHe acep eTy (pu3HKa MOHIHEH OJMMITHAAA KE3iHAe CTYICHTTEPIIH
OimiMiHIH Heri3ri KepceTkimrepi 60bn Tabblaaasl. TamcepMaHbl OPBIHIAY KE3iHIE €CeNTepAi IIbFapysa
AITOPUTMJIEP MEH KaKETTi HycKayJap KojJaHblIFaH. biniMai Toxipubene Koinany OKy MpOLECiH/e KeTeKIi
OpBbIH aJiajibl, OMTKEeHI CTYACHTTEpPAIH TalChIpMallapbl OpPBIHAAYIaFbl )KaH-KAKThl OCJNCCHIIIIr aKbUI-Oi
JKYMBICHI apKbUIBI Ky3ere achIpbuiafbl. ONUMIMAIAbIK —TAIlChIpManap —LIBFAPMAIIBUIBIK —OJICYeTTi
naiiaaHyra JKOHE COJI apKbUIBI OJIapIbl KOJIaHy asChlH KeHeWTyre MyMKiHIik Oepeni. Onumnunaia
TalChIPMaJIapblH OPBIHAQY YIIH KKETTI TEOPYSUIBIK JKOHE TOXKIPHOETIK MaripUIapisl Tannay HerisiHae
CTYICHTTEp HAKThI aKbUI-0i SPEKETIHCI3 jkacail aMaiTBIHIBIFBIH €CKePy KaXeT. DKCIePUMEHTTIK ecenTep/i
IICIIKeH Ke3/Ie OHBI iCKE aChIPYAbIH TEOPUSUIBIK HEri3ZeMeci, OHBI LISy 9/iCi TaHAalaabl, OJIIIey IpOLeci,
KaTeikTepAi 6aranay *KoHe HOTIIKENIEp Tajaybl OaramaHabl.

Kinm cesdep: NOTHKANBIK OWNay, SKCHEPUMEHTTIK 3€pPTTEY HKYMBICHI, Kapa JKOIIIK, OJMMIHNAJAIIBIK
TarcepMaiap, Gu3nKa.

H.H. lllyrom6aesa, P.I'. Koxxabaes, H.K. Tanamesa, I'.C. AntaeBa, M. CtoeB

Poab nccienoBarebCKuX 32124 B 00yUeHUH (PU3UKe

HCJ'H) HUCCIICAOBAaHUS — A0Ka3aTb BCCOMOCTb HMCCIICAOBATCIBCKUX 3aJad B O6y‘{eHI/II/I (1)I/I3I/IK6 Ha OpuMepe
«HICPHOI'0 sAMIUKa». YMeHrne WCIoJIb30BaTh OCHOBHBIC (1)0pMyIIbI, 3HAaHUC CAUHUIl HU3MEPCHUA U HUX
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CIOCOOHOCTh BIIMATH Ha JIOTHUECKOE W aOCTPAKTHOE MBIIIICHHE SIBISIOTCS OCHOBHBIMH ITOKa3aTeISIMH
3HAHUH CTYIEHTOB BO BpeMs NpeaMETHOH onummnuazabl 1mo ¢usmke. s pacuera 3amad HMCHOJIb30BaHbI
ITOPUTMBI U HEOOXOOMMbIE MHCTPYKLHUH; IPUMEHEHHE 3HAHMH Ha NMPAKTUKE 3aHHUMaeT BeAyllee MECTO B
y4eOHOM IIponecce, IOCKOJBbKY BCECTOPOHHSIS HEATENbHOCTh YYAIUXCSl IPHM BBINONHEHUM 3aIaHuit
OCYIIECTBIISICTCS. TIOCPEACTBOM OOJIBIION yMCTBEHHOW paboTsl. ONUMIMAIHBIE 3aJaHHs O3BOJIIOT
HCTIONB30BaTh TBOPYECKHH ITOTEHIHAT M TEM CaMBIM pacIIupHUTh chepy ux npumeHeHms. Heobxommmo
YUHTBIBaTh, YTO CTYAEHTHI HE MOTYT OOOHMTHCH 0€3 peaJMCTHYeCKOH MBICIUTENBFHOH AEATEeNbHOCTH Ha
OCHOBE aHajM3a TEOPETUUCCKUX U MPAKTHYCCKUX YMEHHH, HEOOXOJUMBIX JAJIS BHITOJIHEHHUS OJUMIIUAJHBIX
3amanuii. [lpy pelieHMH OSKCIEPHMEHTAJIBHBIX 3a/Jad BbIOMpAeTCss TeopeTHYecKoe OOOCHOBaHHE HX
BBIITOJTHEH U, METO/ PELICHU], OLIEHUBACTCS MPOLIECC U3MEPEHHH, OLIEHKH NOTPEIIHOCTEN U OCYIECTBISAETCS
aHaJIM3 [TOJyYEeHHBIX PE3yJIbTaTOB.

Knrouegvie cnosa: norudeckoe MBIIJICHUE, SKCIICPUMCHTAJIbHO-UCCIICAOBATCIbCKAas pa60Ta, ‘{epHLIﬁ SIIIUK,
OJIMMIIMAIHBIC 3a/IaHUS.
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