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12. Aplicatii C/C++ in inginerie

Aplicatii matematice in inginerie in C/C++

Q calcul expresii matematice : constante, expresii,operatii cu siruri, matrici, etc.
0 operatii cu polinoame: derivari polinoame, schema lui Horner, etc

Q wvalori medii, valori efective, valori medii absolute, valoarea medie patratica, media
valorii absolute a deviatiilor, eroare medie patratica (deviatia standard)

O calcul functii utilizand descompuneri in serii : functii trigonometrice prin descompuneri
in serie Taylor

0 calcul integrale definite, prin aproximari utilizand metode diverse: metoda dreptunghiurilor,
metoda trapezelor, metoda Simpson, metoda trecerii functiilor de sub integrale la limita sub
forma de sume Riemann, integrale multidimensionale, etc

O rezolvarea ecuatiilor algebrice utilizand metode numerice: Metoda bisectiei,
aproximatiilor succesive, Newton, secantei, Birge-Vieta

0 rezolvarea sistemelor de ecuatii algebrice liniare (circuite electrice) utilizand metode
numerice: Metoda de eliminare Gauss, Gauss —Jordan, Choleski, iterativa Jacobi, etc.
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Constante matematice

e peresen e Constantele matematice nu sunt definite in Standard C/C+ +.
M_E e 2.71828182845904523536
M LOG2E log2(e) 1.44263304088896340736 Pentru a le utiliza exista 2 variante:
M_LOG10E log10(e) 0.434294481903251827651
MN2 2 0693147180555945309417 O le definim ca si constante cu #define sau const,
M_LN10 In(10) 2.30258509299404568402 | intrOducem #deﬁne _USE_MATH_DEFINES Si #iﬂClUde
M_PI pi 3.14159265358979323846 <math.h> in CI Sau
M_PL2 pif2 1.57079632679489661923 #include <cmath> in C++
M_PL4 pi/a 0.785398163397448309616
M_1_Pl 1/pi 0.318309886183790671538 #detine _USE_MATH_DEFINES // for C++
_ #include <cmath>
M_2_Pl 2/pi 0.636619772367581343076
M_2_SQRTPI 2/sqrt(pi) 1.12837916709551257390 #define USE MATH DEFINES // for C
M_SQRT2 sqrt(2) 1.41421356237309504880 #inc ludE_'CITIE;h h :.._

M_SQRT1_2 1/sqrt(2) 0.707106781186547524401



12. Aplicatii C/C++

Constante matematice

Ex.1. Se afiseaza constante matematice

#include <stdio.h>

#include <stdlib.h>

#define USE_MATH_DEFINES // for C

#include <math.h>

int main()

{ printf("pi=%I\n",M_P1);
printf("pi/2=%If\n",M_PI_2);
printf("pi/4=%If\n",M_PI1_4);
printf("1/pi=%If\n",M_1_Pl);
printf("2/pi=%If\n",M_2_Pl);
printf("e=%IA\n",M_E);
printf("log2(e)=%If\n",M_LOGZ2E);
return 0;}

n inginerie

pi=3.141593
pi/2=1.578796
pi/4=6.785308
1/pi=0.318318
2/pi=0.636620
e=2. 718282
log2(e)=1.442695




12. Aplicatii C/C++ in inginerie

Polinoame

Ex.1. Se considera un polinom de gradul n cu coeficientii numere reale introduse de la tastatura: Pn(x)=

ap,+a x+a,x>+...+a x". Sa se scrie programul care determina si afiseaza elementele unei matrici cu n+1 coloane si
n+1 linii care contine pe linii coeficientii polinomului dat precum si coeficientii polinoamelor care rezulta in
urma derivarii succesive ale polinomului initial (pana cand se ajunge la un polinom de gradul 0).
#include<stdio.h>

int i,j,n; float a[20][20];

void citire()

{printf("Gradul polinomului :");scanf("%d",&n); Coeficiontil polinomului (incepand cu termenul liber)

Termenul liber :1

printf("Coeficientii polinomului (incepand cu termenul liber):\n"); coeficientul 1ui x~1:

2
for(j=1;j<=n+1;j++) Coeficiontul ui x-3:4
{ifj==1)printf("Termenul liber :"); Cocticiontul 1ui xweig
else printf("Coeficientul lui x*%d :",j-1); scanf("%f",&a[1][1); }} =<
void deriv() 6 24 66120 6 6
ffor(i=2;i<=n+1;i++) EEE
ft)r(j::1;j<:=:r]4_1;j4_4_) 728 e e e e

alilfj]=ali-1][+11%;}
° /[formarea matricii cu termenii polinomului derivat ||~
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s _EXEMPLE

Continuare:
void afis2() _ _
//4fi fciantil l lui derivat Gradul polinomului :5
= I_Sarea coe.|C|en 1oy PO Inoml_J ur deriva Coeficientii polinomului (incepand cu termenul liber):
{ printf("\nDerivarea polinomului :"); Termenul liber :1
i i i Coeficientul lui x~1:2
=1:i<=n+1:i++
for(' 1:|| "n fiit) Coeficientul lui x~2:3
{prmtf( \n ); Coeficientul lui x"3:4
printf("P(%d) = ",i_']); Coeficientul lui x"4:5

. . . Coeficientul lui %x"5:6
for(j=1;j<=n+1;j++)

if(a[i][j]= =0) printf(*™); 1 2 3 4 5 6
else if(j-1= =0)printf(" + %.f" a[il[j]); S
else if(j-1= =1) printf(" + %.fx",a[i][j]); 24 126 368 @ @ B8
else if(a[i][j]= =1) printf(" + x"%d",j-1); gg ?zg g g g g
else printf(" + %.x"%d",a[i][j],j-1); }
printf("\nP(%d) = 0",i-1);} Derivarea polinomului :
void afis() (1) + 226x012n24 20312050
/] afisarea matricii formate din coeficientii polinomului derivat P(2)= + 6+24X+68x"2+120x"3
{printf("\n"); P(3)= + 24+126x+368x"2
for(i=1;i<=n+1;i++) {for(i=1;j<=n+1;j++) printf("%4.f " a[il[j);printf("\n"); pte) + 20
int main()

7 {citire(); deriv(); afis(); afis2();return 0;}
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Polinoame EXEMPLE

TRy . = ; — n=18

Ex’..?: . ow d'cmrwna 5 a‘.lf;mza matricea aar'f are pe finii Tn(x)=cos[n*arccos(x)]

coeficientii tuturor polinoamelor Cebdsev, penfru gradul n infreg citit de la Formula de recurenta ptr.polinoamele Chebyshev:
tastaturd. Polinoamele lui Cebdsev se definese astfel [20]: TI.'E}(x}=1 T1§x}=x _ _

Ta(x)=cos(n*arccosx), [xf<=1. Astfel Tuo(x)=1, Ti(x)=x, iar relatia de T1(x)=2%x"T1-1(x)-Ti-2(x),1>1

Formula de recurenta pentru coeficientii polin.Chebyshev

mﬁ Fﬂm Faﬁ'mﬂ fui ml’ este: T{X}:&ﬁ-f(ﬁ}'ﬁ-?{f}. t[l][]]=23t[1-1][]-1]-1:[1-2][]], i>=j>‘B

Relatia de recurentd dintre coeficientii polincamelor Iui Cebdsev este:
i =21 j-1=ti-2j, (22,3, .. 0 I<[<i. Coeficientii polinomului Chebyshev
. . AL AT W0 AT DT AT DT JNC AT DT AT JC JNC AT DT JWC AT DT DN AT JWC AT DT DN AT JWC AT DT NRC N DT N0 D0
Se tine cont de asemenea de relatia:
fios=ti-zo =24 6 8. .. .

m
B}
(]
ca
[
[{e]

grad ce c1 c2 C3 c4 C5 Ca
#include <stdio.h>

] 1 e © © e e © 8 e @8
#include <math.h> 1 & 1 © ®©® e e © 8 e 8
. ) . 2 -1 e 2 e © e 8 © o 8
int main (void) 3 e -2 e 4 © @ @ e o o
{int t[20][20], i,j,n; 4 1 e -8 © 8 e © 8 6 8
printf("n="); scanf("%d", &n); A SN SN G SN O
for (i=0;i<n;i++)  for (j=0;j<n;j++) t[i][j]=0; t[O][O]=t[1][1]=1; 7 e -7 @ 56 B-112 © 64 8 @
for (i=2;i<n;i+=2) t[i][0]=-t[i-2][0] ; g é g _3; -123 163 432 _252 -5?2 123 252

for (i=2;i<n;i++)  for (j=1;j<=i;j++) t[i][j]1=2*t[i-1][-1]-t[i-2][];
printf("Tn(x)=cos[n*arccos(x)]\n"); printf("Formula de recurenta ptr.polinoamele Chebyshev:\n");
printf("TO(x)=1\t T1(x)=x\n");printf("Ti(x)=2*x*Ti-1(x)-Ti-2(x),i>1\n"); printf("Formula de recurenta pentru coeficientii polin.Chebyshev\n");
printf("t[i][j]=2*t[i-1][-1]-t[i-2][j], i>=j>0\n");
printf("\n\tCoeficientii polinomului Chebyshev\n"); printf("********rrrkimbphpm®=\n");
printf("grad ");
for (i=0;i<n;i++) printf(" C%d ",i); printf("\n\n");
8 for(i=0;i<n;i++) { printf(" %2d ",i); for(j=0;j<n;j++) printf("%5d"t[i][j]); printf("\n");} return 0;}




12. Aplicatii C/C++ in inginerie

Aplicatii matematice in inginerie: valori medii, erori

Ex.5. 54 se secrie un program care cifesfe valorife a n date a;, izl .n de fa
fastaturd, caleuvleazd 7 afiseazd valorile medii s absolute, valoarea medie
patraficad =F valoarea efectiva meadia valarilor abzolute a
dewviafiifor, ercarea medie patratica [20].

» Valoarea medie (arifmeficd):

. Valoarea efectiva:

o= Jg £ (vm-a)? = JE-E

. Valoarea medie absoluta:

n

n vV i=1 @
>la / € n
_ i=F
Vg = —
. Valearea medie patratied -
2 2
za
Vg = ve = "=-:?
o  Media valorifor absolute a deviatiifor:
n
>l ai—vm [

F=r

YA = n
s  Eroarea medie patraficd (deviafia standard):

inr 2 Z Z
O= = 2 (Vm —a; )" =V —Vm
-
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Aplicatii matematice in inginerie: valori medii, erori

#include <stdio.h>

#include <math.h> Introduceti nr. de date de intrare:6
: : : a[ @]=1.45
int main(void) a[ 1]=6.35
{int i,n;double a[100],er,s1=0,s2=0,s3=0,vA,vm,vp,ve,vMAD; a[ 2]=3.45
printf("Introduceti nr. de date de intrare:");scanf("%d",&n); a[ 3]=2.88
for (i=0;i<n;i++) { printf("a[%2d]=", i);scanf("%If", &ali]);} al[ 4]=1.21
for (i=0:i<n:i++)  { s1+=a]i];s2+=fabs(ali]); s3+=a[i]*a[i]; } al 5]-6.22
_ A o T i valoarea medie aritmetica:
vm=s1/n; vA=s2/n; vp=s3/n;ve=sqrt(vp); vm=3.593333 vm=3.593333e+000
printf(" valoarea medie aritmetica:\nvm=%If\t vm=%Ile \n",vm,vm); valoarea medie absoluta:
printf(" valoarea medie absoluta:\nvA=%lIf\t vA=%le \n", VA, VA); vA=3.593333 vA=3.5033332+008
printf(" valoarea medie patratica:\nvp=: %If\t vp=%le \n", vp, vp); valoarea medie patratica:
printf(" valoarea efectiva:\nve=%lf\t ve=%le \n", ve, ve); vp=: 17.123@67  wp=1.712987e+0081
. S _ : ) valoarea efectiva:
for (i=0,s1=0ji<n;i++) {s1+=fabs(a[i]-vm);} ve=4.138728 ve=4.138728e+060
VMAD=s1/n; er=sqrt(ve*ve-vm*vm); media val.abs.a deviatiilor:
printf(" media val.abs.a deviatiilor:\n”); vMAD=1.794444 vMAD=1,794444e+060
printf(“vMAD=%If\t vMAD=%le \n", vMAD, vMAD); eroarea patratica medie:
er=2.853530 er=2.8535302+080

printf(" eroarea patratica medie:\ner=%If\t er=%le \n", er, er);
return 0;}

10
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Descompuneri in serii (Taylor)

Ex.1. 54 se scrie programul care determind si afiseazd valoarea functiei

sinus intr-un punct dat x, utilizénd primii n termeni din dezveltarea in #include <stdio.h>
serie de mai jos si realizénd comparatia intre rezultatele obtinute astfel #include <math.h>
cu cele obtinute prin apelarea directd a functiei sinf) din oy
biblioteca<math. hs: double faqt(lnt j)
_ R R w2 {double t; int k; t=1.;
a5 T LY G for (k=1;k<=j;k++) t=t'k; return t;}

int main(void)

{inti,n; double x,fx;

printf("X="); scanf("%If",&x); printf("n="); scanf("%d",&n);
fx=x;

for (i=1;i<=n;i++) fx+=pow(-1,i)*pow(x,(2*i+1))/fact(2*i+1);
printf("Val functiei sin(x) calculata\ncu descompunerea in
serie este:\n");

printf("sin1(%If)=%5.20IA\n", x, fx);

printf("\nval functiei sin(x) calculata\ncu functia sin din
<math.h> este:\n");

printf("sin2(%If)=%5.20If\n", x ,sin(x)); return 0;}

#=1.5

n=1@

Val functiei sin(x) calculata

cu descompunerea in serle este:
sinl(1.568606)=06.99740408608485450868

val functiei sin(x) calculata
cu functia sin din <math.h> este:
sin2(1.568606)=0.997404086084854456868

11



12. Aplicatii C/C++ in inginerie

Integrale

Ex.1. Programul calculeazd integrala definitd astfel: m
b

v=[x"dx, O<azb, neZ #include <stdio.h>
a #include <math.h>
int main(void)

pentru valori ale lui a, b care respectd conditiile de mai sus.

Rezolvare: {int n; double a,b,v;
Valearea exactd a integralei se va calcula conform relafier printf("lntroduceti n intreg, n=");scanf("%d"’ &n);
printf("Introduceti a diferit de 0, a=");scanf("%If", &a);
nZ, n=-1 printf("Introduceti b diferit de 0, b>=a>0,b=");scanf("%If", &b);
V=1 0¥t _ n+i if (n==-1) v=log(b/a) ;
— ! else v=(pow(b,n+1)-pow(a,n+1))/(n+1);

printf("integrala de la %2.If la %Z2.1f din x\n", a,b);

Introduceti n intreg, n=3 printf("la puterea %2d dx =%If\n", n,v);return 0;}

Introduceti a diferit de 8, a=1
Introduceti b diferit de 8, b»=3»8,b=2
integrala de la 1 la 2 din x
la puterea 3 dx =3.756006

12
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Integrale
Ex. 3. Frogramul realizeazd calculul gproximativ al intfegralei definite prin:
b
I =[f(x)dx

a
utifizdnd frei mefode diferite: metoda dreptunghiurilor, meteda frapezeior
s metoda lui Simpson [3] [4] [20].

Rezolvare:
b "

e Metoda dreptunghivrilor: [f(x)dx =h Y F(a- % + i)
; =1

o  Metoda frapezelor:
b n

[Fix)ax = [f{’a}+££f{’a+;ﬁ}—f{’bj}

a =7

e

o Metoda lui Simpson:
f" ﬁ n ﬁ n
[F(x)ax = ﬁg[f(ﬂi+42 f{’a—?+m} +£Ef(a+;ﬁj—f(b):|

unde ﬁ=b_a
a

este mdrimea subintervalelor n care se face Tmpdriirea

intervalulur fa,b]

i
Constanta lui Catalan: & = | 252X dx = 0.015065054
g X

In toate formulele se utilizeazd fla) unde a=0, astfel incdt fix) se determing
cu refafiar

r =0
fix)= amfx x =0

#include <stdio.h>

#include <math.h>

double f(double x);

int main(void)

{inti,n;

double a=0.,b=1,G=0.915965594,h,sc,sm,MD,MT,MS;

printf("\n\t Valoarea integralei G=%12.9If\n", G);

printf("\n\tMet.dreptungh.\tMet. Trapezelor\tMet.Simpson\n");

printf(II**************************************************\n");

for (n=1;n<=20;n++) {h=(b-a)/n;

for(sm=0.,sc=0.,i=1;i<=n;i++) {sm+=f(a-(1/2)*h+i*h);
sc+=f(a+i*h);}

MD=h*sm; MT=0.5*h*(f(a)+2*sc-f(b));

MS=(h/6)*(f(a)+4*sm+2*sc-f(b));

printf("%2d\t%12.10I\t%12.10IA\t%12.10I1f\n",n,MD,MT,MS); }

return 0;}

double f(double x) {if (x) return atan(x)/x;

else return 1.0;}
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Integrale

Valoarea integralei G=08.915965594

Met.dreptungh. Met.Trapezelor Met.Simpson
0 0 A 0 O O DU N T T DO DO O 0 RO DO DO D60 A DO U WD N DO DU DT 0 RO DO 0 DO N DO O D N DN U DT N0 RO DO D ONC O O N N N O

B8.7853981634 B8.89269908817 8.8211651362
B.8563466987 68.92699971400 8.87423081771
8.8775512448 8.9133182167 B8.8894735682
B8.88765237381 8.9144776876 B8.8065941213
B8.8935534581 8.9158136337 8.088/8658446
B8.8974211576 8.9153846448 8.90633823198
B8.96815135490 B8.9154888576 B8.0852609225
8.96218127068 B8.9155935548 8.06866521416
8.983/7495897 8.915671914a B8.9677236978
8.9840076387 8.9157277225 B8.98585743288
B.00608143828 8.9157696117 B8.9092659258
B.08685867088 8.915358684148 8.96933902518
8.96875789345 8.9158248513 8.9183222481
8.98817985897 g8.915344241@ 8.9187346735
B.0887864887 8.9158598833 8.9118989536
8.9891663776 8.9158726858 8.9114815134
B8.9895714759 B8.9158832947 8.9116754155
B8.9800318234 B8.9158921855 8.9119188774
8.916825220938 8.9158997897 8.09121347652
8.91854185878 8.9159861337 8.9123294365
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Integrale

Ex.4. Programul realizeazd calculul expresiei Efa) pentru diferite valori ale #include <stdio.h>
lui a 57 n, unde : ] #include <math.h>
E(a)=%j£_xzd¥ int main ()
To {inti,n;
Se stie ed Efa)=1 cdnd a—=. Integrala definitd se caleuleazd aproximativ double a, b, h, r,ra, rb,rc;
prin intermediul formulei generalizate a trapezelor [3], [4], [20]: printf("a="); scanf("%If",&a);
£ printf("n=");scanf("%d",&n);
n -
[ F(x )ax = Bl fta)s 25 Feasin)-f(b)|. h= b-a b=0.; h=(b-a)/n;
a g i=1 ra=h/2*exp(-(pow(a,2)));

rc=h/2*exp(-(pow(b,2)));

rb=0.;

for (i=1;i<=n;i++) { rb+=exp(-(pow(a-i*h,2)));}
rb*=h;

r=(2/sqrt(3.14))*(ra+rb-rc);
printf("E(%.2If)=%12If\n", a,r);

return 0;} 3=1686

n=18
E({l86.86)= S.6843326

15
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12. Aplicatii C/C++ in inginerie

Integrale

Ex.6. Programul realizeaza rezolvarea integralelor de mai jos prin
frecerea expresiilor functiilor de sub integrale, la limitd sub forma unor

sume Riemann (3] [4]. [20]:

I;= !'—civ— .ﬂrmf’ ...+iJ—
n—}m’\_ﬂ+f n+£ 2n

=ln2=0.6031471805

T j’i ! dx = {n:J ! + ! + o + !
2= |7 = B —
D4 - x2 n=w \fgnl _ 12 Jan? 32 4nZ —n?

=m/0=0.5235057755

I
Ig= jx"m«_ Jirm Lﬂ+34 "]=i=r:13
n—:bmn 5
i
Iy = [xPax= tin |1+ 2% «..vn%)- L - 0166666
i n—x A/ &

7
i ) I ry 7
Is = dx == [im n + 4+t
,g!;I+x2 A—x L,E +12 nf 428 nZ +n£}

=m/4=0.7853981633

o

£n n
I7 = [sinxdx = lim Ef,ﬂn +5n—+.. +5'm—“j-2[?
0 n—xf, A n n

I
Ig=j—1 dc== limn 1 ! ! _|-L_05
g{’I+x} n—x {'n+f)2 {'n+2)2 {'2;;:)2 z
I {
i F F i i
I —_—dx == fim —— -t ——__|=
77 f!;«.l'fx+5 nﬂ?:n«)"_l\r’2+5n T 4+ 5n T J£n+5nJ

=7 —.JF = 04006833335

Iyg = !'\' Cdx == lim —[1!' 2 _ 12 4. +4n? —n ]::%

n—x n
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Integrale

/[Programul ex6.c
#include <stdio.h>
#include <math.h>
void main()
{intij,n;
double part=0., €=2.718282, pi=3.14159;
double [1exact=0.6931471805; double 12exact=0.5235987755;
double I3exact=0.2; double I14exact=0.1666666666;
double I6exact=pi/4; double |7exact=2.;
double I8exact=1./2.;double 19exact=0.4096833335;
double [10exact=pi/4.;
printf("aproximarea integralelor prin sume Riemann\n"); printf("n=");scanf("%d", &n);
/lintegrala 1
for (i=1; i<=n;i++)
{ part=0. ;
for (j=1;j<=i;j++) part+=1./(i+));}
printf("\n n=%d, [1aprox=%10If, I1exact=%10If\n eroarea=%10If\n", n, part, [1exact,
17 (IMexact-part));// linie continuata de pe randul precedent
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Integrale

//integrala 2
for (i=1; i<=n;i++)

{

part=0.

; for (j=1;j<=i;j++) part+=1./sqrt(4"pow(i,2)-pow(j,2));}

printf("\n n=%d, 12aprox=%10If, [2exact=%10If\n eroarea=%10If\n", n,
part,|2exact,(l2exact-part));
//integrala 3

for (i=1; i<=n;i++)

{

part=0.

part*=1/pow(i,5);}

printf("\n n=%d, [3aprox=%10If, I3exact=%10If\n eroarea=%10If\n", n, part,

, for (j=1;j<=i;j++) {part+=pow(j,4);}

|3exact,(I3exact-part));// linie continuata de pe randul precedent !
//integrala 4
for (i=1; i<=n;i++)

{

part=0.

part*=1/pow(i,6);}
printf("\n n=%d, [4aprox=%10If, l14exact=%10If\n eroarea=%10If\n", n,
part,l4exact,(l4exact-part)); // linie continuata de pe randul precedent !

; for (j=1;j<=i;j++)

{part+=pow(j,5);}

n=18e8, Ilaprox= 8.692897,

erocarea= ©.808258

n=18e8, I2aprox= 8.523637,

eroarea= -9.0886839

n=1888, IZaprox= §8.208580,

erocarea= -9.808588

n=1eae, Id4aprox= @.167167,

erogarea= -68.0088588

n=1e88e, Itaprox= @.785148,

ergarea= ©.8088249

n=1ege, I7aprox= 1.999993,

ergarea= ©.000082

Ilexact=

TZexact=

I3exact=

Idexact=

IGexact=

I7exact=

n=1828, ISaprox= 0.499625,I8exact=

eroarea= ©.888375%

n=1888,I%aprox= @.489649,I0%exact= ©.46896583

eroarea= ©.880835%

n=1888,I18aprox= 8.785490,I180exact= 8.735397

eroarea= -9.880laz2

8.5-oaoao

B8.693147

8.523599

g. 208080

8.166667

8.785297

2.Bogoea
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