
Laboratory work 6

Task 1

f = @(x) sin(exp(x))

f = function_handle with value:
    @(x)sin(exp(x))

f = @(x) sin(exp(x));
g = @(x) 0.6*x.^2 - 0.5;
 
x_int1 = fzero(@(x) f(x) - g(x), 0)

x_int1 = -1.1606

x_int2 = fzero(@(x) f(x) - g(x), 1)

x_int2 = 1.0790

% for other initial point:
y_int1 = f(x_int1),y_int2 = f(x_int2)

y_int1 = 0.3082
y_int2 = 0.1985

 
figure;
fplot(f, 'b')
hold on
fplot(g, 'r')
grid on
 
plot([x_int1;x_int2], [y_int1;y_int2], 'ko', 'MarkerSize', 10, 'MarkerFaceColor', 
'g')
%gtext(sprintf('B(%.2f, %.2f)', x_int, y_int))
hold off
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Task 2

f = @(x) x.*sin(8*x)

f = function_handle with value:
    @(x)x.*sin(8*x)

g = @(x) x.^5 - x + 0.5

g = function_handle with value:
    @(x)x.^5-x+0.5

difference = @(x) f(x) - g(x)

difference = function_handle with value:
    @(x)f(x)-g(x)

figure
hold on
fplot(f, [-1, 1], 'b', 'LineWidth', 1.5)
fplot(g, [-1, 1], 'r', 'LineWidth', 1.5)
grid on

initial_guesses = linspace(-1, 1, 10)

initial_guesses = 1×10
   -1.0000   -0.7778   -0.5556   -0.3333   -0.1111    0.1111    0.3333    0.5556
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roots = arrayfun(@(x) fzero(difference, x), initial_guesses, 'UniformOutput', false)

roots = 1×10 cell

1 2 3 4 5 6 7 8 9

1 -0.9130 -0.9130 -0.9130 -0.9130 0.2879 0.7879 0.3014 0.7879 0.7879

roots = unique(round(cell2mat(roots), 6))

roots = 1×5
   -0.9130    0.2879    0.3014    0.7879    1.0682

valid_roots = roots(abs(roots) <= 1)

valid_roots = 1×4
   -0.9130    0.2879    0.3014    0.7879

y_coords = arrayfun(f, valid_roots)

y_coords = 1×4
    0.7785    0.2141    0.2011    0.0157

plot(valid_roots, y_coords, 'ko', 'MarkerFaceColor', 'k')

title('Intersections of y=x\cdot sin(8x) and g=x^{5}-x+0.5')
xlabel('x')
ylabel('y')

arrayfun(@(i) text(valid_roots(i), y_coords(i), sprintf('(%0.2f, %0.2f)', 
valid_roots(i), y_coords(i)), ...
    'VerticalAlignment', 'bottom', 'HorizontalAlignment', 'right'), 
1:length(valid_roots));

hold off;
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task3 

f = @(x) x.*sin(x)

f = function_handle with value:
    @(x)x.*sin(x)

g = @(x) 1 - x.^2

g = function_handle with value:
    @(x)1-x.^2

x_int1 = fzero(@(x) f(x) - g(x), -1)

x_int1 = -0.7226

x_int2 = fzero(@(x) f(x) - g(x), 1)

x_int2 = 0.7226

y_int1 = f(x_int1)

y_int1 = 0.4779
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y_int2 = f(x_int2)

y_int2 = 0.4779

figure;
fplot(f, [-2, 2], 'b')
hold on;
fplot(g, [-2, 2], 'r')
grid on;

plot([x_int1, x_int2], [y_int1, y_int2], 'ko', 'MarkerSize', 10, 'MarkerFaceColor', 
'g');

legend('y = x sin(x)', 'y = 1 - x^2', 'Location', 'best')
title('Intersection of y = x sin(x) and y = 1 - x^2')
xlabel('x')
ylabel('y')

hold off

task4

clear roots;
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p = @(x) x.^5 + x.^2 - 10*x - 4.5;

roots_p = roots([1 0 0 1 -10 -4.5]);
poly_from_roots = poly(roots_p)

poly_from_roots = 1×6
    1.0000    0.0000    0.0000    1.0000  -10.0000   -4.5000

disp('Original polynomial coefficients:')

Original polynomial coefficients:

disp([1 0 0 1 -10 -4.5])

    1.0000         0         0    1.0000  -10.0000   -4.5000

disp('Polynomial coefficients from roots:')

Polynomial coefficients from roots:

disp(poly_from_roots)

    1.0000    0.0000    0.0000    1.0000  -10.0000   -4.5000

figure
fplot(p, [-3, 3], 'b')
hold on
grid on

scatter(real(roots_p), imag(p(roots_p)), 100, 'g', 'o', 'filled');

text(real(roots_p), imag(p(roots_p)), strtrim(cellstr(num2str(real(roots_p), 
'%.2f'))), ...
    'VerticalAlignment', 'bottom', 'HorizontalAlignment', 'right');

real_roots_mask = abs(imag(roots_p)) < eps;
real_roots = roots_p(real_roots_mask);

if ~isempty(real_roots)
    scatter(real(real_roots), imag(p(real_roots)), 120, 'r', 's', 'filled');
end

xlabel('x');
ylabel('p(x)');
legend('p(x)', 'Roots', 'Real Roots');
hold off;
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task5

clear roots;
p = @(x) x.^5 + x.^2 - 10*x - 4.5

p = function_handle with value:
    @(x)x.^5+x.^2-10*x-4.5

roots_p = roots([1 0 0 1 -10 -4.5])

roots_p = 5×1 complex
   1.8078 + 0.0000i
   0.1821 + 1.8093i
   0.1821 - 1.8093i
  -1.7393 + 0.0000i
  -0.4328 + 0.0000i

coefficients = poly(roots_p)

coefficients = 1×6
    1.0000    0.0000    0.0000    1.0000  -10.0000   -4.5000

disp('Original polynomial coefficients:')

Original polynomial coefficients:

disp([1 0 0 1 -10 -4.5])

    1.0000         0         0    1.0000  -10.0000   -4.5000
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disp('Polynomial coefficients from roots:')

Polynomial coefficients from roots:

disp(coefficients)

    1.0000    0.0000    0.0000    1.0000  -10.0000   -4.5000

figure
fplot(p, [-3, 3], 'b')
hold on
grid on

plot(roots_p, zeros(size(roots_p)), 'ro', 'MarkerSize', 10, 'MarkerFaceColor', 'r');

Warning: Imaginary parts of complex X and/or Y arguments ignored.

real_roots = roots_p(imag(roots_p) == 0);
text(real_roots, zeros(size(real_roots)), arrayfun(@(x) sprintf('%.2f', x), 
real_roots, 'UniformOutput', false), ...
    'VerticalAlignment', 'bottom', 'HorizontalAlignment', 'center')

title('Polynomial p(x) = x^5 + x^2 - 10x - 4.5 and its roots')
xlabel('x')
ylabel('p(x)')
legend('p(x)', 'Roots')
hold off
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task6

syms x
p_sym = x^5 + x^2 - 10*x - 4.5

p_sym = 

p = matlabFunction(p_sym)

p = function_handle with value:
    @(x)x.*-1.0e+1+x.^2+x.^5-9.0./2.0

dp = matlabFunction(diff(p_sym))

dp = function_handle with value:
    @(x)x.*2.0+x.^4.*5.0-1.0e+1

d2p = matlabFunction(diff(diff(p_sym)))

d2p = function_handle with value:
    @(x)x.^3.*2.0e+1+2.0

sine_func = @(x) sin(x)

sine_func = function_handle with value:
    @(x)sin(x)
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x_vals = linspace(-2, 2, 1000)

x_vals = 1×1000
   -2.0000   -1.9960   -1.9920   -1.9880   -1.9840   -1.9800   -1.9760   -1.9720

y = p(x_vals)

y = 1×1000
  -12.5000  -12.2370  -11.9765  -11.7185  -11.4630  -11.2100  -10.9595  -10.7113

dydx = dp(x_vals)

dydx = 1×1000
   66.0000   65.3693   64.7424   64.1193   63.5001   62.8846   62.2729   61.6650

d2ydx2 = d2p(x_vals)

d2ydx2 = 1×1000
 -158.0000 -157.0410 -156.0858 -155.1344 -154.1869 -153.2431 -152.3032 -151.3671

y_sine = sine_func(x_vals)

y_sine = 1×1000
   -0.9093   -0.9110   -0.9126   -0.9142   -0.9158   -0.9174   -0.9190   -0.9206

dydx_num = gradient(y, mean(diff(x_vals)))

dydx_num = 1×1000
   65.6843   65.3699   64.7430   64.1200   63.5007   62.8852   62.2735   61.6656

d2ydx2_num = gradient(dydx_num, mean(diff(x_vals)))

d2ydx2_num = 1×1000
  -78.5206 -117.5422 -156.0870 -155.1357 -154.1881 -153.2444 -152.3045 -151.3684

figure

plot(x_vals, y, 'b', 'DisplayName', 'p(x)')
hold on
plot(x_vals, dydx, 'r', 'DisplayName', 'p''(x) - sym')
plot(x_vals, d2ydx2, 'g', 'DisplayName', 'p''''(x) - sym')
plot(x_vals, dydx_num, 'm--', 'DisplayName', 'p''(x) - num')
plot(x_vals, d2ydx2_num, 'c--', 'DisplayName', 'p''''(x) - num')
plot(x_vals, y_sine, 'k:', 'DisplayName', 'sin(x)')

legend show
xlabel('x')
ylabel('y')
grid on
hold off

10



task7

syms x
f = exp(sin(x^3))

f = 

df = diff(f, x)

df = 

f_num = matlabFunction(f)

f_num = function_handle with value:
    @(x)exp(sin(x.^3))

df_num = matlabFunction(df)

df_num = function_handle with value:
    @(x)x.^2.*cos(x.^3).*exp(sin(x.^3)).*3.0

xv = linspace(-2, 2.1, 1000)

xv = 1×1000
   -2.0000   -1.9959   -1.9918   -1.9877   -1.9836   -1.9795   -1.9754   -1.9713
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fv = f_num(xv)

fv = 1×1000
    0.3718    0.3696    0.3683    0.3679    0.3683    0.3696    0.3718    0.3748

dfv = df_num(xv)

dfv = 1×1000
   -0.6492   -0.4272   -0.2100    0.0036    0.2145    0.4239    0.6326    0.8415

logical_vec=islocalmax(fv)

logical_vec = 1×1000 logical array
   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0

xmax=xv(logical_vec)'

xmax = 3×1
   -1.6758
    1.1643
    1.9892

ymax=fv(logical_vec)'

ymax = 3×1
    2.7182
    2.7182
    2.7179

cp = double(solve(df == 0, x))

cp = 5×1 complex
   0.0000 + 0.0000i
   0.0000 + 0.0000i
   1.1624 + 0.0000i
  -0.5812 + 1.0067i
  -0.5812 - 1.0067i

cp = cp(imag(cp) == 0 & abs(cp) <= 2.1)

cp = 3×1
         0
         0
    1.1624

sgn_df = sign(df_num(cp))

sgn_df = 3×1
     0
     0
    -1

max_idx = find(diff([1; sgn_df]) < 0)

max_idx = 2×1
     1
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     3

lm = cp(max_idx)

lm = 2×1
         0
    1.1624

figure
plot(xv, fv, 'b', 'DisplayName', 'y = exp(sin(x^3))')
hold on
plot(xv, dfv, 'r', 'DisplayName', 'g(x) = y''(x)')

mp=plot(xmax,ymax,'g.','markersize',24,...
    'DisplayName','localMax' )

mp = 
  Line (localMax) with properties:

              Color: [0 1 0]
          LineStyle: 'none'
          LineWidth: 0.5000
             Marker: '.'
         MarkerSize: 24
    MarkerFaceColor: 'none'
              XData: [-1.6758 1.1643 1.9892]
              YData: [2.7182 2.7182 2.7179]

  Show all properties

grid on

legend show
xlabel('x')
ylabel('y')
hold off
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task9

syms x
y = x*sin(8*x) - (x^5 - x + 0.5)

y = 

symbolic_integral = int(y, x, -0.6, 0.6)

symbolic_integral = 

symbolic_result = double(symbolic_integral)

symbolic_result = -0.6443

numeric_integral = @(x) x.*sin(8*x) - (x.^5 - x + 0.5)

numeric_integral = function_handle with value:
    @(x)x.*sin(8*x)-(x.^5-x+0.5)

numeric_result = integral(numeric_integral, -0.6, 0.6)
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numeric_result = -0.6443

disp(['Symbolic Integration Result: ', num2str(symbolic_result)])

Symbolic Integration Result: -0.64425

disp(['Numerical Integration Result: ', num2str(numeric_result)])

Numerical Integration Result: -0.64425

if abs(symbolic_result - numeric_result) < 0.1e-4
    disp('The results match within the specified accuracy.');
else
    disp('The results do not match within the specified accuracy.');
end

The results match within the specified accuracy.

task10

syms x
f1 = exp(sin(x))

f1 = 

f2 = -x^2 + 8

f2 = 

figure
fplot(f1, [-4, 4], 'b', 'DisplayName', 'y = exp(sin(x))')
hold on;
fplot(f2, [-4, 4], 'r', 'DisplayName', 'y = -x^2 + 8')

x1 = double(vpasolve([f1-f2], x,-3))  % x0=-3 initial value

x1 = -2.7096

x2 = double(vpasolve([f1-f2], x,3))   % x0= 3 initial value

x2 = 2.4803

x=x1; y1=eval(char(f2))

y1 = 0.6579

x=x2; y2=eval(char(f2))

y2 = 1.8480

plot([x1;x2], [y1;y2], 'r.','markersize',24,'DisplayName','Intersections')
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%fill([ip, fliplr(ip)], [subs(f1, x, ip), fliplr(subs(f2, x, ip))], 'm', 
'FaceAlpha', 0.5, 'EdgeColor', 'none')
x = x1:0.01:x2; f2x = eval(char(vectorize(f2))); X1=x;
x = fliplr(x); f1x = eval(char(f1)); X2=x;
fl=fill([X1,X2],[f2x,f1x],'m')

fl = 
  Patch with properties:

    FaceColor: [1 0 1]
    FaceAlpha: 1
    EdgeColor: [0 0 0]
    LineStyle: '-'
        Faces: [1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 … ] (1×1038 double)
     Vertices: [1038×2 double]

  Show all properties

xlabel('x')
ylabel('y')
grid on
hold off
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