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ANALYTICAL AND NUMERICAL SOLVING OF RIGHT TRIANGLES  WITH
GIVEN A DIFFERENCE OF TWO SIDES LENGTH AND THE ACUT E ANGLE
Abstract

Introduction and aims: The paper shows the analytical models of solvigbtrtriangles with appropriate discus-
sion. For right triangles have been discussed @&ses taking into account the acute angle and ffexehce of two
sides length in the right triangle. The main aimtfus paper is not only to create some analytiégdrithms for
solving right triangle, but also their implementetin program$1S-Excel, MathCARndMathematica.

Material and methods: Elaboration of six analytical cases of solvinghti¢riangles has been made on the basis of
the relevant trigonometric properties occurringainght triangle. In the paper have been used samadytical and
numerical methods by usingS-Excel, MathCARndMathematicgrograms.

Results: As some results have been obtained numerical ifiges in the program#S-Excel, MathCADand
Mathematica for six analytical cases of solvindititfiangles taking into accoutite acute angle and the difference
of two side length in the right triangle.

Conclusion: Created numerical algorithms of solving the rigiigngles in the programéS-Excel, MathCALand
Mathematicaallow for faster significant performance calcutats than the traditional way of using logarithmsl an
logarithmic tables.

Keywords: Trigonometry, right triangle, acute angle, difiece of two sides length of a triangle, numericgbal
rithms,MS-Excel, MathCAD, Mathematica.
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ANALITYCZNO-NUMERYCZNE ROZWHZYWANIE TROJKATQW PROSTOKWTNYCH
GDZIE DANA JEST RGZNICA DLUGOSCI DWOCH BOKOW | K4T OSTRY

Streszczenie

Wskp i cele: W pracypokazano analityczne modele rozmjwania trojgtow prostoltnych wraz z odpowiedpi
dyskusy. Dla trojkgtow prostolgtnych oméwiono szé przypadkow z uwzgdnieniem kta ostrego oraz rénicy
dtugasci dwoch bokow troga. Gtownym celem jest pracy jest nie tylko utwoizelgorytmow analitycznych roz-
wigzywania takich trojtow lecz rownigich implementacja w programach MS-Excel, MathCAlathematica.
Materiat i metody:Opracowanie szgiu analitycznych przypadkow rozaywania trojktow prostoktnych wyko-
nano opieragc sk odpowiednich wiasngiach trygonometrycznych wyptijgcych w trdjlgcie prostoltnym. Zasto-
sowano metagdanalityczmy i numerycza wykorzystujc programy MS-Excel, MathCAD i Mathematica.

Wyniki: Otrzymano algorytmy numeryczne w programach M®EXathCAD i Mathematica dla si@u anali-
tycznych przypadkéw rozygywania trojigtow prostolgtnych zuwzgkdnieniem kta ostrego oraz rinicy dtugaci
dwaoch bokow trojta.

Whiosek: Utworzone algorytmy numeryczne rozayiwania trojgtow prostoktnych w programach MS-Excel,
MathCAD oraz Mathematica, pozwajanpa znaczne szybsze wykonanie obiiazié drogy tradycyjmy z wyciem
logarytmow i tablic logarytmicznych.

Stowa kluczoweTrygonometria, trojit prostolgtny, kst ostry, rénica diugaci dwoch bokow troga, algorytmy
numeryczne, MS-Excel, MathCAD, Mathematica.

(Otrzymano: 06.10.2018; Zrecenzowano: 15.10.20Hkeeptowano: 22.10.2018)
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1. Introduction to trigonometry
1.1. Definitions of trigonometric functions

Let be given the right triangle ABC (angle ACB Ietright angle) (Fig. I).
B

C A

b

Fig. I. The right triangle with legs a and b anghbtenuse ¢
Source: Elaboration of the Authors

where a, b, ¢ mean respectively the length of shtet, longer leg and hypotenuse. The sides
a, b and c satisfy the condition:

a2 + b2 = C2 (1)
and acute angleas andp satisfying the following condition [4], [6], [7]:
L
a+B=—. 2)
P 2
Definition 1

The sine of acute angle is the ratio of the lerdtleg opposite this angle to the length of
hypotenuse, which express the formulae [4], [6]}, [7

sin(@) :%, 3)

sin(@) = g (4)
Definition 2

The cosine of acute angle is the ratio of the lermfieg adjacent this angle to the length of
hypotenuse, which express the formulae [4], [6]}, [7

cos@) = E, )
c

cos@) = 2. (6)
c

Definition 3.

The tangent of acute angle is the ratio of thetlewng leg opposite this angle to the length
of leg adjacent to that angle, which express thedtae [4], [6], [7]:

mw=% )

w@:S. (®)
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Definition 4.

The cotangent of acute angle is the ratio of timgtle of leg adjacent this angle to the
length of leg opposite to that angle, which exptissformulae [4], [6], [7]:

ctg(@) = E, 9)

ol o

ctg) = (10)

Theorem 1(Basic relationships in the triangle)

In any length of each side of a triangle is lesstthe sum of the length of the other side
and higher than the absolute value of the diffeeandength of the sides [10], [11], [13]-[16]:

|b-c|<a< b+c, (11)
la-c|<b< a+c, (12)
|a-b|<c< a+b. (13)

1.2. Solving right triangles with given the differece of two legs and acute angle of triangle

For the right triangle ABC shown in figure |etle are six cases of solving which are given
below (Tab. 1).

Tab. 1. The discussion of solutions for the rigiainigles

Case: | Data: Solution:
1 | c-a=k B:g_a A= k[si.n(a) b= k[cc_)s(x) o= k
a. c>a 1-sin(a) 1-sin(a) 1-sin(a)
| cad| aelop | asklos® SO0k
B, c>a 1-cos@) 1-cos@) 2 1-cos)
3 |cb=p| p=j-a | a= PN . pm:tg(“j p= PIcost) c=—P
a, c>b 1-cosf) 2 1-cosf) 1-cosfr)
4 | cb=p a:g_g a = PLcosp) b= PLSin(B) c=_ P
B, c>b 1-sin(B) 1-sin(pB) 1-sn(p)
_ [sech) 1
b-a=q | B=—-a o= Altg(@) b=_d c=3
° a b>2 2 1-tg(a) 1-tg(a) 1-19(@)
_ I _Qqtctg(B) __ 9 _dlcosedt) ?
b-a=q | a=5-B a=J b= —
° B poa| 2 1-ctg@) 1-ctg@) e

Source: Elaborated by the Authors

! Note: seaf) = 1/cosf).
% Note: cosea) = 1/sin@).
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2. Solving of right triangles

2.1. Case 1: Difference of two sides length& = k and a measure of the angle.
2.1.1. Theoretical analysis

» Let be the right triangle as shown on the figure 1.

C A

b

Fig. 1. Right triangle ABC with given a differenoéthe sides length-@a=k and a measure of the angle
Source: Elaboration of the Authors

» Data in 4ABC: Difference ofthe sides lengtb—a=k (c>g and a measure of the angle
» Unknown indABC: Length of the sides, b, c and a measure of the anfjle

» Solution:

¢ From some properties of acute angles in a riggnbdte we obtain:

n
B= 57 a. (14)
+ From the difference of the triangle sides we have:
c—a=k, (15)
a=c-k. (16)
¢ From the formulae (3) and (5) we obtain:
a=clsin(a), a7
b=clcos@). (18)
¢ From the formulae (16) and (17) we determine tiaegle side c:
c—k =clsin(a), (19)
k =cl[1-sin(@)], (20)
c= L (21)
1-sin(a)
¢ Substituting (21) into the formulae (17) and (&) determine the triangle sides a, b:
a= k[sin(a) | 22)
1-sin(a)
_klcos@)
~1-sin@)’ (23)
> Answer:g="_q o-KISN@ ) Kosa) .k
2 1-sin(a) 1-sin(a) 1-sin(a)
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2.1.2. Numerical algorithms inMS-Excel, MathCADand Mathematicaprograms
For numerical analysis we take a difference ofsides ea = 13.9690 and the angle= 31°.

¢ ProgramMS-Excel 7.0 [3],[8]

Algorithm: Commentary:
A6=13, 9690 Given the difference of the sidesac
A7=31 Given the measure of the angtg°]
A8=A7*PI ()/180 Command for the angle [rad], a=0.541052
A9=90- A7 Command for the ang|@|[°]

AL0=( A6* SI N(A8) )/ ( 1- SI N( A8))

Command for calculation of the side

Al1=( A6* COS(A8)) 7 (1- SI N( A8))

Command for calculation of the side

A12=A6/ ( 1- SI N( A8))

Command for calculation of the side

59 Result: measure of the angk{?]
14, 83532 Result: length of the side
24, 69012 Result: length of the side
28, 80432 Result: length of the side

¢ ProgramMathCAD 15 [9],[12]

Algorithm: Commentary:
k:=13, 9690 Given the difference of the sidesac
00:=31 Given the measure of the angiq°]
= O(O[cn =0.541052 Command for the angle [rad] a = 0.541052
0:=90-00=59 Command for the ang|8[°]
__kIsin(@) _
a-—m =14.835323 Command and result: length of the sile

b= K1€0SO) _ 54690124
1-sin()

Command and result: length of the shie

k

a=———=28804323
1-sin(a)

Command and result: length of the sae

¢ ProgramMathematica 7.0 [1],[2],[5]

Algorithm: Commentary:
k: =13, 969 Given the difference of the sidesac
AO0: =31 Given the measure of the angtg®]
A: =A0*N Pi ]/ 180 Command for the angle [rad] a=0.541052
B=90- A0 Command for the ang|8[°]

a=(k*Sin[A])/ (1-Si n[ A])

Command: length of the side

b=(k*Cos[A] )/ (1-Sin[A])

Command: length of the sidbe

c=k/ (1-Si n[ A])

Command: length of the side

59 Result: measure of the angb{°]
14. 8353 Result: length of the side
24. 6901 Result: length of the side
28. 8043 Result: length of the side

Numerical resultsa = 14.835, b =24.690, c = 28.8@l= 59.
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2.2. Case 2Difference of two sides length€a = k and a measure of the angIp
2.2.1. Theoretical analysis

» Let be a right triangle as shown on the figure 2.

C A

b

Fig. 2. Right triangle ABC with given a differenoéthe sides length-@=k and a measure of the anfile
Source: Elaboration of the Authors

» Data in 4ABC: Difference ofthe sides lengtb—a=k (c>a)and a measure of the an@le
» Unknown indABC: Length of the sidea, b, c and a measure of the angle

» Solution:

¢ From some properties of acute angles in a riggnbdte we obtain:

n
a=—-f.
5 B (24)
¢ From the difference of the triangle sides we have:
c-a=k, (25)
a=c-k. (26)
¢ From the formulae (6) and (4) we obtain:
a=clcos@), (27)
b=clsin(@). (28)
¢ From the formulae (26) and (27) we determine tiaagle side c:
c-k =clcosp), (29)
k =cl[1-cosp)], (30)
c= L (31)
1-cosQ)
¢ Substituting (31) into the formulae (27) and (2&) determine the triangle sides a, b:
k[cos
1-cosQ)
k[sin
p = XIInE) (33)
1-cos@)
> Answer:O(:E—B, a= k[cosﬁ), b= KIsin@) , c=L.
2 1-cos@) 1-cos@) 1-cos)

10
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2.2.2. Numerical algorithms inMS-Excel, MathCADand Mathematicaprograms
For numerical analysis we take a difference ofsides ea = 13.9690 and the angfe= 59.

¢ ProgramMS-Excel 7.0 [3],[8]

Algorithm: Commentary:
A6=13, 9690 Given the difference of the sidesac
A7=59 Given the measure of the angi¢®]
A8=A7*PI ()/180 Command for the angl8[rad], £=1.029744
A9=90- A7 Command for the angle [°]

A10=( A6* COS( A8) )/ ( 1- COS( A8))

Command for calculation of the side

AL1=( A6* S| N(A8) )/ ( 1- COS(A8))

Command for calculation of the side

A12=A6/ ( 1- COS( A8))

Command for calculation of the side

31 Result: measure of the angig]
14, 83532 Result: length of the side
24, 69012 Result: length of the side
28, 80432 Result: length of the side

¢ ProgramMathCAD 15 [9],[12]

Algorithm: Commentary:
k:=13, 9690 Given the difference of the sidesac
B0:=59 Given the measure of the angi¢®]
8:2810—8[: =1.029744 Command for the angl8[rad] = 1.029744
00:=90-p0=31 Command for the angle [°]
__klcos@) _
a--m =14.835323 Command and result: length of the sale
_ kilsin@B) _
b--m =24.690124 Command and result: length of the shle
k
a;m =28.804323 Command and result: length of the side
¢ ProgramMathematica 7.0 [1],[2],[5]
Algorithm: Commentary:
k: =13, 9690 Given the difference of the sidesac
BO: =59 Given the measure of the angi¢?]
B: =A0*N Pi ]/ 180 Command for the anglB[rad] (= 1.029744
A=90- BO Command for the angle [°]

a=(k*Cos[A] )/ (1- Cos[ A])

Command: length of the side

b=(k*Si n[ A] )/ (1- Cos[ A])

Command: length of the sidbe

c=k/ (1- Cos[A])

Command: length of the side

31 Result: measure of the angig®]
14. 8353 Result: length of the side
24. 6901 Result: length of the side
28. 8043 Result: length of the side

Numerical resultsa = 14.835, b =24.690, c = 28.8@4= 31°.

11
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2.3. Case 3Difference of two sides length€b = p and a measure of the angle.
2.3.1. Theoretical analysis

» Let be a right triangle as shown on the figure 3.

C

Fig. 3. Right triangle ABC with given difference thie sides length-b=p and measure of the angle
Source: Elaboration of the Authors

» Data in 4ABC: Difference ofthe sides length—b=p (c>b)and a measure of the angle
» Unknown indABC: Length of the sidea, b, c and a measure of the angjle

» Solution:

¢ From some properties of acute angles in a riggnbd@te we obtain:

n
B= 57 a. (34)
+ From the difference of the triangle sides we have:
c-b=p, (35)
b=c-p. (36)
¢ From the formulae (3) and (5) we obtain:
a=clsin(a), (37)
b=clcos@). (38)
¢ From the formulae (36) and (38) we determine tiaegle side c:
c—p=clcos@), (39)
p=cl[l-cos@)], (40)
c=—P (41)
1-cos)

¢ Substituting (41) into the formulae (37) and (8&) determine the triangle sides a, b:

_ p [Sin(a) _ p2sin(5)cos(}) _ pleos() _ (gj
a 1-cos@) 2sin®(%) sin(2) =pieig 2) (42)
b= plcos()
1-cos@) (43)
> Answer:3=90°-aq, azmzpmtg[g} b:M, c=— P
1-cosf) 2 1-cosf) 1-cosf)

12
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2.3.2. Numerical algorithms inMS-Excel, MathCADand Mathematicaprograms
For numerical analysis we take a difference ofsides eb = 4.1142 and the angle= 31°.

¢ ProgramMS-Excel 7.0 [3],[8]

Algorithm: Commentary:
A6=4, 1142 Given the difference of the sidesc
A7=31 Given the measure of the angtg°]
A8=A7*PI ()/180 Command for the angle [rad], a=0.541052
A9=90- A7 Command for the ang|@|[°]

AL0=( A6* SI N( A8) )/ ( 1- COS( A8))

Command for calculation of the side

Al1=( A6* COS(A8))/ (1- COS(A8))

Command for calculation of the side

A12=A6/ ( 1- COS( A8))

Command for calculation of the side

59 Result: measure of the angk{?]
14, 83533 Result: length of the side
24, 69013 Result: length of the side
28, 80433 Result: length of the side

¢ ProgramMathCAD 15 [9],[12]

Algorithm: Commentary:
p:=4, 1142 Given the difference of the sidesc
00:=31 Given the measure of the angiq°]
= O(O[cn =0.541052 Command for the angle [rad] a=0.541052
0:=90-00=59 Command for the ang|8[°]
__plsin(@) _
a'_ros(a) =14.835326 Command and result: length of the sile

b= PLCOSE) _ 54690129
1- oq0)

Command and result: length of the shie

a=— P -28804329
1- oqa)

Command and result: length of the sae

¢ ProgramMathematica 7.0 [1],[2],[5]

Algorithm: Commentary:
p: =4, 1142 Given the difference of the sidesc
AO: =31 Given the measure of the angt¢°]
A: =A0*N Pi ]/ 180 Command for the angle [rad] a=0.541052
B=90- A0 Command for the ang|8[°]

a=(p*Sin[A])/(1-Cos[A])

Command: length of the side

b=(p*Cos[A] )/ (1- Cos[ A])

Command: length of the sidbe

c=p/ (1- Cos[ A])

Command: length of the side

59 Result: measure of the angb{°]
14, 835 Result: length of the side
24, 690 Result: length of the side
28, 804 Result: length of the side

Numerical resultsa = 14.835, b =24.690, c = 28.8(%= 59.

13
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2.4. Case 4Difference of two sides length€b = p and a measure of the anglIp
2.4.1. Theoretical analysis

» Let be a triangle as shown on the figure 4.

B

Fig. 4. Right triangle ABC with given a differena# the sides length-b=p and a measure of the anfjle
Source: Elaboration of the Authors

» Data in 4ABC: Difference ofthe sides length = b = p (c>b) and a measure of the an@le
» Unknown indABC: Length of the sidea, b, c and a measure of the angle

» Solution:

¢ From some properties of acute angles in a riggnbd@te we obtain:

n

=57 B. (44)
¢ From the difference of the triangle sides we have:
c-b=p, (45)
b=c-p. (46)
¢ From the formulae (6) and (4) we obtain:
a=clcosf), 47
b=clsin(@). (48)
¢ From the formulae (46) and (48) we determine tiaegle side c:
c-p=clsin(®), (49)
p =cl[1-sin(@)], (50)
c=—F (51)
1-sin(®)
¢ Substituting (51) into the formulae (47) and (4&) determine the triangle sides a, b:
_ plcos@)
a_l—sing)’ (52)
b= PLSING)
1-sin@)’ (53)

a_p[cosﬁ) b_p[sm(B) o= p

q=T_ - - -_ b
> Answer =28 2= T a®’ T imsng) C 1msin@)’

14
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2.4.2. Numerical algorithms inMS-Excel, MathCADand Mathematicaprograms
For numerical analysis we take a difference ofsides eb = 4.1142 and the andBe= 5.

¢ ProgramMS-Excel 7.0 [3],[8]

Algorithm: Commentary:
A6=4, 1142 Given the difference of the sidedc
A7=59 Given the measure of the angi¢®]
A8=A7*PI ()/180 Command for the ang|8[rad], £=1.029744
A9=90- A7 Command for the angle [°]

AL0=( A6* COS( A8) )/ ( 1- SI N( A8))

Command for calculation of the side

AL1=(A6* SI N(A8))/ (1- SIN(A8))

Command for calculation of the side

A12=A6/ ( 1- SI N( A8))

Command for calculation of the side

31 Result: measure of the angig]
14, 83533 Result: length of the side
24, 69013 Result: length of the side
28, 80433 Result: length of the side

¢ ProgramMathCAD 15 [9],[12]

Algorithm: Commentary:
p:=4, 1142 Given the difference of the sidesc
B0:=59 Given the measure of the an@i¢?]
B:= Blos[cn =1.029744 Command for the angl8[rad] £=1.029744
00:=90-30=31 Command for the angle [°]

a:=PLCOSB) _ 1/ 835306

Command and result: length of the sale

1-sin(B)

_ Plsin@) _
b:= 1-sin(B) =24.690129 Command and result: length of the shle

- P _
a.= 1-sin() =28804329 Command and result: length of the sae
¢ ProgramMathematica 7.0 [1],[2],[5]

Algorithm: Commentary:

p: =4, 1142 Given the difference of the sidesoc
AQ: =59 Given the measure of the angl¢°]
A: =A0*N[ 1] / 180 Command for the angl@[rad] £=1.029744
B=90- A0 Command for the angle [°]

a=(p*Cos[A])/(1-Sin[A])

Command: length of the side

b=(p*Sin[A])/(1-Sin[A])

Command: length of the sidbe

c=p/ (1-Sin[A])

Command: length of the side

31 Result: measure of the anghg®]
14, 8353 Result: length of the side
24,6901 Result: length of the side
28, 8043 Result: length of the side

Numerical resultsa = 14.835, b =24.690, c = 28.8@G4= 31°.

15
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2.5. Case 5Difference of two sides length ba = g and a measure of the angle.

2.5.1. Theoretical analysis
» Let be a triangle as shown on the figure 5.

C

Fig. 5. Right triangle ABC with given a differenoéthe sides length4a=q and a measure of the angle
Source: Elaboration of the Authors

» Data in 4ABC: Difference ofthe sides length—a=q (b>a) and a measure of the angle
» Unknown indABC: Length of the sidea, b, c and a measure of the angle

» Solution:

¢+ From some properties of acute angles in a riggmgie we obtain:

L
B= 5 (54)
¢ From the difference of the triangle sides we have:
b-a=q, (55)
a=b-q. (56)
¢ From the formulae (7) i (9) we obtain:
a=bltg(a), (57)
b=clcosf). (58)
¢ From the formula (58) we determine the triangtke si:
= b . (59)
cos()
¢ From the formula (56) and (57) we determine trengle side b:
b-q=Dbltg(a), (60)
q=bl[1-tg(a)], (61)
-9
b= ~tg(@)’ (62)
¢ From the formulae (57), (59) and (62) we finalgtefmine the triangle side a and c:
4= attg(a)
1-tg(a)’ (63)
q qlsecfr)

c= .
cos@)[1-tg(a)] 1-tg(a)
> Answerig_T_, ,-0o@ . a = ._qlsecq)
2 1-tg(a)’ 1-tg(a)’ 1-tg(a)

(64)

16



Analytical and numerical solving of right trianglesth given a difference of two sides length areldbute angle

2.5.2. Numerical algorithms inMS-Excel, MathCADand Mathematicaprograms
For numerical analysis we take a difference ofsides b-a = 9.8548 and the angle= 31°.

¢ ProgramMS-Excel 7.0 [3],[8]

Algorithm: Commentary:
A6=9, 8548 Given the difference of the sidesab
A7=31 Given the measure of the angtg°]
A8=A7*PI ()/180 Command for the angle [rad], a=0.541052
A9=90- A7 Command for the ang|@|[°]

AL0=( A6* TAN( A8) )/ ( 1- TAN( A8))

Command for calculation of the side

AL1=A6/ (1- TAN( A8))

Command for calculation of the side

A12=A6/ ( COS( A8) *(1- TAN(A8)))

Command for calculation of the side

59

Result: measure of the angb°)

14, 83532 Result: length of the side
24, 69012 Result: length of the side
28, 80432 Result: length of the side
¢ ProgramMathCAD 15 [9],[12]
Algorithm: Commentary:
q:=9, 8548 Given the difference of the sidesab
00:=31 Given the measure of the angiq°]
= O(O[cn =0.541052 Command for the angle [rad] a = 0.541052
0:=90-00=59 Command for the ang|8[°]
_ qltan@) _
a--m =14.835322 Command and result: length of the sale
— q -
b-—m =24.690122 Command and result: length of the sfle

a:= 415€Ct) _ 59904301
1-tan(a)

Command and result: length of the sae

¢ ProgramMathematica 7.0 [1],[2],[5]

Algorithm: Commentary:
q: =9, 8548 Given the difference of the sidesab
AO: =31 Given the measure of the angt¢°]
A: =A0*N Pi ]/ 180 Command for the angle [rad] a=0.541052
B=90- A0 Command for the ang|8|[°]

a=(qg*Tan[ A])/(1-Tan[ A])

Command: length of the side

b=q/ (1- Tan[ A])

Command: length of the sidbe

c=(g*Sec[A])/(1-Tan[ A])

Command: length of the side

59 Result: measure of the angb{°)
14, 8353 Result: length of the side
24,6901 Result: length of the side
28, 8043 Result: length of the side

Numerical resultsa = 14.835, b =24.690, c = 28.8(8= 59.
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2.6. Case 6Difference of two sides length ba = g and a measure of the anglg
2.6.1. Theoretical analysis

» Let be a triangle as shown on the figure 6.

C

Fig. 6. Right triangle ABC with given a differenoéthe sides length4a=q and a measure of the angle
Source: Elaboration of the Authors

» Data in 4ABC: Difference ofthe sides length—a=q (b>a)and a measure of the anfle
» Unknown indABC: Length of the sidea, b, c and a measure of the angle

» Solution:

¢ From some properties of acute angles in a riggnbdte we obtain:

L
a=—-[B.
> B (65)
¢ From the difference of the triangle sides we have:
b-a=q, (66)
a=b-aq. (67)
¢ From the formulae (10) i (4) we obtain:
a=blctg(B), (68)
b=clsin(). (69)
¢ From the formula (69) we determine the triangtke si:
=— b : (70)
sin(B)
¢ From the formula (67) and (68) we determine trengle side b:
b—-q=Dblctg(B), (71)
0 =bl[1-ctg(B)]. (72)
b=—3d (73)
1-ctg(B)
¢ From the formulae (68), (70) and (73) we finalgtefmine the triangle side a and c:
o= alctg(B)
1-ctg(p)’ (74)
_ q _ qlcoseqp)
C=———— = : (75)
sinB)1-ctgB)]  1-cto(p)
> Answer: T _g - qlctg®) ,__ 4 = alcosedp)
2 77 l-ctgp)’ 1-ctg(B)’ 1-ctg(B)
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2.6.2. Numerical algorithms inMS-Excel, MathCADand Mathematicaprograms
For numerical analysis we take a difference ofsides b-a = 9.8548 and the andbe= 5.

¢ ProgramMS-Excel 7.0 [3],[8]

Algorithm: Commentary:
A6=9, 8548 Given the difference of the sidesab
A7=59 Given the measure of the angi¢®]
AB=A7*PI ()/ 180 Command for the ang|@[rad], [=1,030
A9=90- A7 Command for the angle [°]

AL10=( A6/ TAN(A8) )/ (1-(1/ TAN(A8)))

Command for calculation of the side

Al1=A6/(1-(1/ TAN(A8)))

Command for calculation of the side

A12=A6/ (( SIN(A8))*(1- TAN(A8))))

Command for calculation of the side

31

Result: measure of the angb°)

14, 83532 Result: length of the side
24, 69012 Result: length of the side
28, 80432 Result: length of the side
¢ ProgramMathCAD 15 [9],[12]

Algorithm: Commentary:
q:=9, 8548 Given the difference of the sidesab
B0:=59 Given the measure of the an@i¢?]
B:= Blos[cn =1.029744 Command for the ang|8[rad]
00:=90-30=31 Command for the angle [°]

a:= 41C00) _ 14 835395
1-cot(B)

Command and result: length of the sale

b=—9  —24690321
1- cot()

Command and result: length of the shie

a=— 9 = 28804425
sin(@) [{1-cot(B))

Command and result: length of the sae

¢ ProgramMathematica 7.0 [1],[2],[5]

Algorithm: Commentary:
q: =9, 8548 Given the difference of the sidesab
A0: =59 Given the measure of the angl¢”]
A =A0*N[ Pi ] /180 Command for the ang|8[rad] B=1.02974
B=90- A0 Command for the angle [°]

a=(q*Cot[A] )/ (1- Cot [A])

Command: length of the side

Command: length of the sidbe

(
b=q/ (1- Cot [ A] )
c=q/ ((SIn[A]) *(1-Cot [A]))

Command: length of the side

31

Result: measure of the angiq?]

14, 8353 Result: length of the side
24,6901 Result: length of the side
28, 8043 Result: length of the side

Numerical resultsa = 14.835, b =24.690, c = 28.8@G4= 31°.
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3. Conclusions

» Discussed analytical models of solving right trieasgallow to perform the other theoreti-
cal considerations in each of the six basic casesf@r difference of sides), taking into ac-
count the definition of trigopnometric functions atite corresponding properties and for-
mulae.

» Created numerical algorithms of solving the rigterigles inMS-Excel, MathCADand
Mathematicaprograms allow for significant execution of fastatculations than the tradi-
tional way of using logarithms and logarithmic sl
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