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Abstract: This paper considers original non-standard methods
of methods for solving problems from different sections of school
physics; these methods enable to avoid the use of complex
mathematical operations. The problems are not really difficult and
can be used for additional lessons in general education schools.

Solving problems in the course of Physics is an essential element of study.
In practice students aren’t explained the methods and ways of solving problems,
they are even not always shown the algorithm of problem-solving. In physics
there are many original unusual methods of problem-solving which will be
considered further. In order to develop creative abilities and critical thinking it
is important to be able to solve a problem by several methods and to analyze the
received solution.

There are some problems in physics which require defining the maximum
or minimum values of something. Approaches to the solution of such problems
can be quite different (logical conclusions, use of physical laws, knowledge of
ranges of change of some constants, etc.). But sometimes it is possible to
receive the formula expressing dependence of the required physical quantity on
some parameter. In simple cases it is visible at what values of parameter the
necessary value is reached. And it is possible to use the inequality
corresponding to the demanded condition [1].
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Ya Here are the two examples:

o :$L> _________ I ) . 1. The aircraft flying horizpntally

. >~ with v speed drops a bomb. Find the

I i minimum appropriate  height of

bombing (for splinters not to strike

A 7 the aircraft) if the speed of splinters

'vv u X scattering be u and the resistance of
———— > air is neglected (Fig. 1).

Solution: As the resistance of air
is neglected, the falling bomb is
always under the aircraft. Therefore,
it explodes on the earth directly under the aircraft. The splinters formed at the
explosion have various directions. But to get to the aircraft the splinter has to be
in the same plane with it (plane of a drawing) and to have a speed projection to
the X-axis that is equal to the speed of the aircraft

Fig. 1. Scattering of splinters
at explosion of a bomb

Uy = V.
=vu? -2

The splinter won’t reach the aircraft if ui <2gh.

u® —v?
2g

2. A body slides off the top of a smooth inclined plane without the initial
speed (Fig. 2), the plane basis length be /. What is the minimum time of the
body movement?

Solution: Let the corner at the plane basis be a. It is known that a body
moves on the smooth plane with the acceleration a = gsina. The length of the

21 4l

inclined plane is L = ! = laz‘2 . Consequently, ¢ = \/ - = \/ - .
cosa gsinacoso | gsin2a

So, the speed projection to Y-axis is u,,

Consequently, £

min —

It’s obvious, that 7,;, = 2\/2, if sin2a =1.
g

But sometimes it is necessary to solve the problem by means of higher
mathematics methods.

And now imagine a 9th or 10th grade student of a general education school
who doesn’t know about any derivatives but while preparing for various level
competitions he/she is given such problems. There are two ways: 1) to study

Fig. 2. Body on the inclined plane Fig. 3. Ball in the sphere
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the principles of mathematical analysis individually, that is very promising;
2) to analyze the received expressions using the known data on algebra,
geometry and trigonometry [2]. In this paper, we offer some examples from
different units of the school course of Physics. The tasks aren’t really difficult
and they can be used at the extra classes at a general education school.

1. The sphere with the mass be m is suspended on a weightless inextensible
thread in the top point inside the other sphere with the radius be R (Fig. 3).
What can be the maximum energy of the first sphere fluctuations if it shouldn’t
touch the surface of the other sphere?

Solution: Let the thread length be L. For the energy of the sphere
fluctuations to get maximum the first sphere has to rise at fluctuations by 4
height which is much different from balance position, i.e. practically touching
the bigger sphere surface (Fig. 4), and h=L(1-cosa). It is obvious, that

2R 2R
maximum at L =R (the parabola top coordinates are known). Therefore

2
L=2Rcosa. Consequently, h= L(l —i) =L —L—. This expression gets the

h =§ and E lng.

max —

max Ep max = mghmax =

To solve the following problems we need to remind a popular inequality.

2 1
Let x be a positive number. It is obvious, that (\/; _%) >0. Then, x+—=>2.
x .x

If the expression has the appearance ax+ é, then putting a multiplier v ab
X

outside the brackets we receive

a 1
Vab \/:x +
b a
-X
b
2. Two resistors are connected in parallel. What minimum current can flow
in the unbranched part of the chain if the current at the consecutive connection

of these resistors is 2 A? The voltage U in both cases is identical (/;, =8A).

> 2+ ab.

Solution: The current [ at the parallel connection in the unbranched part of

the chain is % + Rﬂ At the consecutive connection U =1, (R +R,).
1 1Y
Eliminating U from the equations we receive:
(R + R, ) R Ry
1 :[consW:Icons R_2+E1+2 2
2 4ICOHS s h
Imin = 8 A
Finally, we offer one more popular problem

which permits different solutions. Fig. 4. Additional plotting
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Fig. 5. Main designations (first way)

3. The body is thrown from the height of

H over an earth surface with v speed under a
corner to the horizon (Fig. 5). What is the
greatest range L.x of the body flight?

Solution: Let v be the body speed before

it blows on the earth. According to the energy
conservation law 1> = vg +2gH. Let the body
movement vector be S. It is obvious that the

more |S| the more L. Let’s use the known

ratios:

S:%(v0 +v)t and v—v, =gt

Squaring them we get:

S? =i(v§ +° +2(v0v))t2;

2

v +v2 =2(vgv) = g%

Let’s eliminate the time from the equations:

= {07+ 20 2o
g

The S highest value

()2 R

2g g

will be at (vyv)=0 and S

2
vé +? )— 4(vyv)
4g2 '

max

H.

The greatest range Lmax of the flight can be found using Pythagorean Theorem:

2
Lmax = \/Smax

—H2 =202 _2gn.
g

This problem has one more interesting solution. Let’s carry v, and v vectors
from the point of the body fall and connect their ends by gt vector (Fig. 6) [3].

. . 1
The square of the received triangle can be expressed as S =5 gtvycosa. The

Vo

Fig. 6. Main designations (second way)

flying range is L=(vycosa). This
expression coincides with expression of §

L2
to a constant multiplier —, i.e. they reach

the maximum simultaneously. But the
square of the triangle can be presented as

1
EvovcosB. As v:wlv§+2gH and it

doesn’t depend on o corner so the greatest
square of o (and so the greatest range) is
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cosp=1. Therefore, P :g’ tgo = 0 and Lo = gSmax = %lvov L
v

g g2 g
=v—0\/v§ —2gH.
g

The following problems can be offered for individual solving.

1. Two resistors, one has the electrical resistance of 5 Q and the other
allocates the thermal power of 20 W, are connected in parallel. What minimum
current can flow under such conditions in the unbranched part of the chain?

Answer: [, = 2\/2 =4A.

2. Two condensers, one has the capacity of 5 F and the other has the energy
of 5 J, are connected in parallel. What minimum charge can be on this battery?

Answer: g, =2, /% =4C.

3. Two springs, one has a rigidity of k£ and the other has the energy of £,
are connected in parallel. What can be the minimum force for stretching the
springs?

Answer: F, =2,/2E k.

4. Two bodies move in one direction with identical speed. One has the
mass of m and the other has the kinetic energy of £r. What is the minimum total
impulse of these bodies?

Answer: poi, =2+/2E,m.

5. There is a vertical cylindrical vessel with water filled up to A height on a
horizontal surface. What % distance from a bottom of a vessel a small opening is
to be pierced at so that the water stream flying range is the greatest?

Answer: h = H.
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MeTtoauka pemeHus 3aaa4 1nmo (l)l/I3I/IKe
AJbTEPHATUBHBIMHA crnocodoaMu

B. b. BsizoBoB, A. A. Eropos

@I'BOY BIIO «Tambosckuil 20cy0apcmeeHtblll MexHuYecKull
yHugepcumemy, 2. Tambos

KiroueBnle ciioBa 1 Q)pasbl: METOAMKA PCIICHUs; HCCTAHAAPTHBIC ME-
TOJbI; HIKOJBHEBIC 3a/Ja4H 110 (1)I/I3I/IK€.

AHHOTanmsi: PaccMOTpeHbl OpPUTHHATIBHBIE HECTAHAAPTHBIC METOJ(bI
pelIeHus 3a/1au U3 Pa3HbIX Pa3JIesioB HIKOJILHON (pU3MKH, KOTOpBIE MO3BO-
JISTIOT M30€KaTh MPUMEHEHHS CII0KHBIX MaTEMaTHYCCKUX OIepariuii. 3amaa-
Y1 MOTYT OBITh UCIIOJIb30BAHbI ITPH IPOBEACHHUHU JIOTIOIHUTEILHBIX 3aHITHIA
B OOBIYHBIX KjIaccax.

© B. b. BazoBos, A. A. Eropos, 2015
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