
Introduction to Mechanics for Engineers � Ruina & Pratap Ch 6 Section 6.3

6.3.1 De�ne these matrices and column
vectors used to de�ne a truss, the loading
on it, the bar tensions , the reactions, and
the coe�cients in the matrix form of the
joint equilibrium equations:

a) [J]

b) [B]

c) [R]

d) [F]

e) [T]

f) [L]

g) [A]

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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6.3.2 By hand, with no use of a com-
puter, �nd all of thematrices and column
vectors above for this truss.
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Problem 6.2

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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6.3.3 When does the numerical recipe
presented here succeed and when does it
fail? When it fails, how does it fail?

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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6.3.4

a) Write a computer program, using
your preferred language or pack-
age, that takes as input the matri-

ces [J]; [B]; [R], and [F] and calcu-
lates [T].

b) Test this program on the truss of
problem 6.3.2.

 

1 function T = TrussAnalyser(B,J,R,F)
2
3     % Receiving Matrix A from mat() %
4     A = TrussMatrix(B,J,R);
5     [sr,g] = size(A);
6
7     % Finding Matrix Containing External Forces %
8     L = zeros(sr,1);
9     [sf, g] = size(F);
10     for i = 1:sf
11         L((F(i)*2)-1,1) = F(i,2);
12         L((F(i)*2),1) = F(i,3);
13     end
14     
15     % Finding Tensions on Each Rod Based on External Forces 

%
16     T = A\L;
17     
18     % Checking if values of Tensions are Valid %
19     if MatrixCheck(A,T,L) == 1

 

 

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.



Chapter 6. 3. Solving. . . Introduction to Mechanics for Engineers � © 2026 Andy Ruina & Rudra Pratap Problem 6.3.4. . . 5

20         disp("Values are Valid")
21     else
22         disp("Values are not Valid")
23     end
24 end

 

1 function A = TrussMatrix(B,J,R)
2     % Finding Number of Rows in Matrix A%
3     [num_reactions, ~] = size(R);
4     [sr,g] = size(B);
5     A = zeros(sr+num_reactions,sr+num_reactions);
6     
7     % Finding Matrix A Based on Joint and Rod Data%
8     for i = 1:sr
9         % Finding Joints connecting to ith Rod %
10         jnt1 = B(i,2);
11         jnt2 = B(i,3);
12         
13         % Finding Angle between ith Rod and Horizontal
14         theta = atan((J(jnt1,3)-J(jnt2,3))/(J(jnt1,2)-

J(jnt2,2)));
15         % Adding values of cos and sin theta into A Matrix %
16         A((jnt1*2)-1,i) = cos(theta);
17         A(jnt1*2,i) = sin(theta);
18         A((jnt2*2)-1,i) = -cos(theta);
19         A(jnt2*2,i) = -sin(theta);
20     end
21     for i = 1:num_reactions
22         if R(i,3) == 1
23             A((R(i,2)*2)-1,size(A)-num_reactions+i) = 1;
24         elseif R(i,4) == 1
25             A((R(i,2)*2),size(A)-num_reactions+i) = 1;
26         end
27     end
28 end

 

1 function a = MatrixCheck(A,T,L)
2     [sr, g] = size(A);
3     a = 1;

 

 

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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4     tol = 0.0001;     % Setting Tolerance Value
5     for i = 1:sr
6         tmp = A(i,:)*T;
7         disc = abs(tmp-L(i));
8         
9         % If the Difference is Greater than the Tolerance %
10         if (disc >= tol)
11             disp(strcat("Not valid at Joint:",num2str(i)))
12             a = 0;
13         end
14     end
15 end

 

1 J = [1 0 0;
2      2 5 5;
3      3 10 0;];
4
5 B = [1 1 2;
6      2 2 3;
7      3 1 3;];
8
9 R = [1 1 1 0;
10      2 1 0 1;
11      3 3 0 1;];
12
13 F = [2 0 -1000];
14
15 T = TrussAnalyser(B,J,R,F)

 

 

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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6.3.5 All of the bars in the symmetric
truss below are either level or at 30

ý

from
the horizontal. Find all the bar forces
and reactions. A

E

F

B

C

D

100 lbf

Problem 6.5

 

1 J = [1 0 0;
2      2 1/2 1/(2*sqrt(3));
3      3 1 0;
4      4 1 1/sqrt(3);
5      5 1.5 1/(2*sqrt(3));
6      6 2 0];
7
8 B = [1 1 2;
9      2 2 4;
10      3 4 5;
11      4 5 6;
12      5 6 3;
13      6 1 3;
14      7 2 3;
15      8 3 4;
16      9 3 5];
17
18 R = [1 1 1 0;
19      2 1 0 1;
20      3 6 0 1;];
21

 

 

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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22 F = [2 100 0];
23
24 TrussAnalyser(B,J,R,F)

1 function T = TrussAnalyser(B,J,R,F)
2
3     % Receiving Matrix A from mat() %
4     A = TrussMatrix(B,J,R);
5     [sr,g] = size(A);
6
7     % Finding Matrix Containing External Forces %
8     L = zeros(sr,1);
9     [sf, g] = size(F);
10     for i = 1:sf
11         L((F(i)*2)-1,1) = F(i,2);
12         L((F(i)*2),1) = F(i,3);
13     end
14     
15     % Finding Tensions on Each Rod Based on External Forces 

%
16     T = A\L;
17     
18     % Checking if values of Tensions are Valid %
19     if MatrixCheck(A,T,L) == 1
20         disp("Values are Valid")
21     else
22         disp("Values are not Valid")
23     end
24 end

 

1 function A = TrussMatrix(B,J,R)
2     % Finding Number of Rows in Matrix A%
3     [num_reactions, ~] = size(R);
4     [sr,g] = size(B);
5     A = zeros(sr+num_reactions,sr+num_reactions);
6     
7     % Finding Matrix A Based on Joint and Rod Data%
8     for i = 1:sr
9         % Finding Joints connecting to ith Rod %
10         jnt1 = B(i,2);

 

 

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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11         jnt2 = B(i,3);
12         
13         % Finding Angle between ith Rod and Horizontal
14         theta = atan((J(jnt1,3)-J(jnt2,3))/(J(jnt1,2)-

J(jnt2,2)));
15         % Adding values of cos and sin theta into A Matrix %
16         A((jnt1*2)-1,i) = cos(theta);
17         A(jnt1*2,i) = sin(theta);
18         A((jnt2*2)-1,i) = -cos(theta);
19         A(jnt2*2,i) = -sin(theta);
20     end
21     for i = 1:num_reactions
22         if R(i,3) == 1
23             A((R(i,2)*2)-1,size(A)-num_reactions+i) = 1;
24         elseif R(i,4) == 1
25             A((R(i,2)*2),size(A)-num_reactions+i) = 1;
26         end
27     end
28 end

 

 

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.



10 Chapter 6. 3. Solving. . . Introduction to Mechanics for Engineers � © 2026 Andy Ruina & Rudra Pratap Problem 6.3.5. . .

1 function a = MatrixCheck(A,T,L)
2     [sr, g] = size(A);
3     a = 1;
4     tol = 0.0001;     % Setting Tolerance Value
5     for i = 1:sr
6         tmp = A(i,:)*T;
7         disc = abs(tmp-L(i));
8         
9         % If the Difference is Greater than the Tolerance %
10         if (disc >= tol)
11             disp(strcat("Not valid at Joint:",num2str(i)))
12             a = 0;
13         end
14     end
15 end

 

 

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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6.3.6 Find the force in each bar of the
staircase truss shown in the �gure by
writing the required number of equilib-
riumequations and then solving themon
a computer.

A
G

E

F

B

C

D

150 lb

300 lb

150 lb

1'
1'

Problem 6.6

 
 

1 J = [1 0 0;
2      2 1 1;
3      3 2 2;
4      4 3 3;
5      5 4 4;
6      6 4 3;
7      7 3 2;
8      8 2 1;
9      9 1 0];
10
11 B = [1 1 2;
12      2 2 3;
13      3 3 4;
14      4 4 5;
15      5 5 6;
16      6 6 7;
17      7 7 8;
18      8 8 9;

 

 

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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19      9 1 9;
20      10 2 9;
21      11 2 8;
22      12 3 8;
23      13 3 7;
24      14 7 4;
25      15 4 6;];
26
27 R = [1 1 1 0;
28      2 1 0 1;
29      3 5 1 0;];
30
31 F = [2 0 -150;
32      3 0 -300;
33      4 0 -150;];
34
35 T = TrussAnalyser(B,J,R,F)

 

1 function T = TrussAnalyser(B,J,R,F)
2
3     % Receiving Matrix A from mat() %
4     A = TrussMatrix(B,J,R);
5     [sr,g] = size(A);
6
7     % Finding Matrix Containing External Forces %
8     L = zeros(sr,1);
9     [sf, g] = size(F);
10     for i = 1:sf
11         L((F(i)*2)-1,1) = F(i,2);
12         L((F(i)*2),1) = F(i,3);
13     end
14     
15     % Finding Tensions on Each Rod Based on External Forces 

%
16     T = A\L;
17     
18     % Checking if values of Tensions are Valid %
19     if MatrixCheck(A,T,L) == 1
20         disp("Values are Valid")
21     else

 

 

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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22         disp("Values are not Valid")
23     end
24 end

 

1 function A = TrussMatrix(B,J,R)
2     % Finding Number of Rows in Matrix A%
3     [num_reactions, ~] = size(R);
4     [sr,g] = size(B);
5     A = zeros(sr+num_reactions,sr+num_reactions);
6     
7     % Finding Matrix A Based on Joint and Rod Data%
8     for i = 1:sr
9         % Finding Joints connecting to ith Rod %
10         jnt1 = B(i,2);
11         jnt2 = B(i,3);
12         
13         % Finding Angle between ith Rod and Horizontal
14         theta = atan((J(jnt1,3)-J(jnt2,3))/(J(jnt1,2)-

J(jnt2,2)));
15         % Adding values of cos and sin theta into A Matrix %
16         A((jnt1*2)-1,i) = cos(theta);
17         A(jnt1*2,i) = sin(theta);
18         A((jnt2*2)-1,i) = -cos(theta);
19         A(jnt2*2,i) = -sin(theta);
20     end
21     for i = 1:num_reactions
22         if R(i,3) == 1
23             A((R(i,2)*2)-1,size(A)-num_reactions+i) = 1;
24         elseif R(i,4) == 1
25             A((R(i,2)*2),size(A)-num_reactions+i) = 1;
26         end
27     end
28 end

 

1 function a = MatrixCheck(A,T,L)
2     [sr, g] = size(A);
3     a = 1;
4     tol = 0.0001;     % Setting Tolerance Value
5     for i = 1:sr

 

 

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.



14 Chapter 6. 3. Solving. . . Introduction to Mechanics for Engineers � © 2026 Andy Ruina & Rudra Pratap Problem 6.3.6. . .

6         tmp = A(i,:)*T;
7         disc = abs(tmp-L(i));
8         
9         % If the Difference is Greater than the Tolerance %
10         if (disc >= tol)
11             disp(strcat("Not valid at Joint:",num2str(i)))
12             a = 0;
13         end
14     end
15 end

 

 

 

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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6.3.7 Find the tensions in all the bars,
and all the reactions for these structures.

a) A square supported by four bars.
This is perhaps the simplest rigid
structure that has no triangles.

b) The 9-bar structure shown. This
structure also has no triangles in
that there is no closed circuit that
involves only three bars (for exam-
ple, fromD to A to B to C and back
to D involves 4 bars).

F

F
A

E

B

C
D

G

   no pin at the center, total 9 bars

a)

b)

l

l

l l

l

l

1
1

Problem 6.7

 

1 J = [1 0 0;
2      2 1 0;
3      3 1 1;
4      4 1 2;
5      5 2 1;
6      6 3 1;
7      7 2 0;
8      8 2 -1];
9
10 B = [1 1 2;
11      2 2 3;
12      3 3 4;
13      4 3 5;
14      5 5 6;
15      6 5 7;
16      7 7 8;
17      8 7 2;];
18
19 R = [1 1 1 0;
20      2 1 0 1;
21      3 4 1 0;
22      4 4 0 1;
23      5 6 1 0;
24      6 6 0 1;

 

 

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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25      7 8 1 0;
26      8 8 0 1;];
27
28 F = [5 1 1];
29
30 T = TrussAnalyser(B,J,R,F)

 

1 function T = TrussAnalyser(B,J,R,F)
2
3     % Receiving Matrix A from mat() %
4     A = TrussMatrix(B,J,R);
5     [sr,g] = size(A);
6
7     % Finding Matrix Containing External Forces %
8     L = zeros(sr,1);
9     [sf, g] = size(F);
10     for i = 1:sf
11         L((F(i)*2)-1,1) = F(i,2);
12         L((F(i)*2),1) = F(i,3);
13     end
14     
15     % Finding Tensions on Each Rod Based on External Forces 

%
16     T = A\L;
17     
18     % Checking if values of Tensions are Valid %
19     if MatrixCheck(A,T,L) == 1
20         disp("Values are Valid")
21     else
22         disp("Values are not Valid")
23     end
24 end

 

1 function A = TrussMatrix(B,J,R)
2     % Finding Number of Rows in Matrix A%
3     [num_reactions, ~] = size(R);
4     [sr,g] = size(B);
5     A = zeros(sr+num_reactions,sr+num_reactions);
6     

 

 

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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7     % Finding Matrix A Based on Joint and Rod Data%
8     for i = 1:sr
9         % Finding Joints connecting to ith Rod %
10         jnt1 = B(i,2);
11         jnt2 = B(i,3);
12         
13         % Finding Angle between ith Rod and Horizontal
14         theta = atan((J(jnt1,3)-J(jnt2,3))/(J(jnt1,2)-

J(jnt2,2)));
15         % Adding values of cos and sin theta into A Matrix %
16         A((jnt1*2)-1,i) = cos(theta);
17         A(jnt1*2,i) = sin(theta);
18         A((jnt2*2)-1,i) = -cos(theta);
19         A(jnt2*2,i) = -sin(theta);
20     end
21     for i = 1:num_reactions
22         if R(i,3) == 1
23             A((R(i,2)*2)-1,size(A)-num_reactions+i) = 1;
24         elseif R(i,4) == 1
25             A((R(i,2)*2),size(A)-num_reactions+i) = 1;
26         end
27     end
28 end

 

1 function a = MatrixCheck(A,T,L)
2     [sr, g] = size(A);
3     a = 1;
4     tol = 0.0001;     % Setting Tolerance Value
5     for i = 1:sr
6         tmp = A(i,:)*T;
7         disc = abs(tmp-L(i));
8         
9         % If the Difference is Greater than the Tolerance %
10         if (disc >= tol)
11             disp(strcat("Not valid at Joint:",num2str(i)))
12             a = 0;
13         end
14     end
15 end

 

 

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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1 l = 1;
2 F = 1;
3
4 J = [1 2*l*cosd(60) 2*l*sind(60);
5      2 sqrt(5)*l*cosd(30) sqrt(5)*l*sind(30);
6      3 2*l 0;
7      4 l 0;
8      5 0 0;
9      6 l*cosd(60) l*sind(60);];
10
11 B = [1 1 2;
12      2 2 3;
13      3 3 4;
14      4 4 5;
15      5 5 6;
16      6 1 6;
17      7 1 4;
18      8 3 6;
19      9 2 5];
20
21 R = [1 3 0 1;
22      2 5 1 0;
23      3 5 0 1;];
24

 

 

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.



20 Chapter 6. 3. Solving. . . Introduction to Mechanics for Engineers � © 2026 Andy Ruina & Rudra Pratap Problem 6.3.7. . .

25 F = [1 F 0];
26
27 T = TrussAnalyser(B,J,R,F)

 

 

 

Disclaimer:We have lost track of the many people who wrote these solutions.
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6.3.8 Analyze the truss given in Prob-
lem ?? and solve for all bar tensions and
support reactions.

 

1 J = [1 0 0;
2      2 0 1;
3      3 0 2;
4      4 2 2;
5      5 2 1;
6      6 2 0;
7      7 4 2;
8      8 4 1;
9      9 4 0;
10      10 6 2;
11      11 6 1;
12      12 6 0;
13      13 8 2;
14      14 8 0];
15
16 B = [1 1 2;
17      2 2 3;
18      3 3 4;
19      4 4 7;
20      5 7 10;
21      6 10 13;

 

 

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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22      7 13 14;
23      8 12 14;
24      9 9 12;
25      10 6 9;
26      11 1 6;
27      12 2 6;
28      13 2 4;
29      14 4 5;
30      15 5 6;
31      16 5 9;
32      17 5 7;
33      18 7 8;
34      19 8 9;
35      20 8 12;
36      21 8 10;
37      22 10 11;
38      23 11 12;
39      24 11 14;
40      25 11 13;];
41
42 R = [1 1 1 0;
43      2 1 0 1;
44      3 14 0 1;];
45
46 F = [6 0 -2000;
47      9 0 -2000;
48      12 0 -2000;];
49
50 T = TrussAnalyser(B,J,R,F)

 

1 function T = TrussAnalyser(B,J,R,F)
2
3     % Receiving Matrix A from mat() %
4     A = TrussMatrix(B,J,R);
5     [sr,g] = size(A);
6
7     % Finding Matrix Containing External Forces %
8     L = zeros(sr,1);
9     [sf, g] = size(F);
10     for i = 1:sf

 

 

Disclaimer:We have lost track of the many people who wrote these solutions.
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11         L((F(i)*2)-1,1) = F(i,2);
12         L((F(i)*2),1) = F(i,3);
13     end
14     
15     % Finding Tensions on Each Rod Based on External Forces 

%
16     T = A\L;
17     
18     % Checking if values of Tensions are Valid %
19     if MatrixCheck(A,T,L) == 1
20         disp("Values are Valid")
21     else
22         disp("Values are not Valid")
23     end
24 end

 

1 function A = TrussMatrix(B,J,R)
2     % Finding Number of Rows in Matrix A%
3     [num_reactions, ~] = size(R);
4     [sr,g] = size(B);
5     A = zeros(sr+num_reactions,sr+num_reactions);
6     
7     % Finding Matrix A Based on Joint and Rod Data%
8     for i = 1:sr
9         % Finding Joints connecting to ith Rod %
10         jnt1 = B(i,2);
11         jnt2 = B(i,3);
12         
13         % Finding Angle between ith Rod and Horizontal
14         theta = atan((J(jnt1,3)-J(jnt2,3))/(J(jnt1,2)-

J(jnt2,2)));
15         % Adding values of cos and sin theta into A Matrix %
16         A((jnt1*2)-1,i) = cos(theta);
17         A(jnt1*2,i) = sin(theta);
18         A((jnt2*2)-1,i) = -cos(theta);
19         A(jnt2*2,i) = -sin(theta);
20     end
21     for i = 1:num_reactions
22         if R(i,3) == 1
23             A((R(i,2)*2)-1,size(A)-num_reactions+i) = 1;

 

 

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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24         elseif R(i,4) == 1
25             A((R(i,2)*2),size(A)-num_reactions+i) = 1;
26         end
27     end
28 end

 

1 function a = MatrixCheck(A,T,L)
2     [sr, g] = size(A);
3     a = 1;
4     tol = 0.0001;     % Setting Tolerance Value
5     for i = 1:sr
6         tmp = A(i,:)*T;
7         disc = abs(tmp-L(i));
8         
9         % If the Difference is Greater than the Tolerance %
10         if (disc >= tol)
11             disp(strcat("Not valid at Joint:",num2str(i)))
12             a = 0;
13         end
14     end
15 end

 

 

Disclaimer:We have lost track of the many people who wrote these solutions.
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Disclaimer:We have lost track of the many people who wrote these solutions.
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6.3.9 Solve Problem ??.

 

1 J = [1 0 0;
2      2 1 1;
3      3 1 0;
4      4 2 1;
5      5 2 0;
6      6 3 1;
7      7 3 0;
8      8 4 0;];
9
10 B = [1 1 2;
11      2 2 4;
12      3 4 6;
13      4 6 8;
14      5 7 8;
15      6 5 7;
16      7 3 5;
17      8 1 3;
18      9 2 3;
19      10 2 5;
20      11 4 5;
21      12 5 6;
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22      13 6 7;];
23
24 R = [1 1 1 0;
25      2 1 0 1;
26      3 8 0 1;];
27
28 F = [2 0 -2000;
29      4 0 -5000;
30      6 0 -2000;];
31
32 T = TrussAnalyser(B,J,R,F)

 

1 function T = TrussAnalyser(B,J,R,F)
2
3     % Receiving Matrix A from mat() %
4     A = TrussMatrix(B,J,R);
5     [sr,g] = size(A);
6
7     % Finding Matrix Containing External Forces %
8     L = zeros(sr,1);
9     [sf, g] = size(F);
10     for i = 1:sf
11         L((F(i)*2)-1,1) = F(i,2);
12         L((F(i)*2),1) = F(i,3);
13     end
14     
15     % Finding Tensions on Each Rod Based on External Forces 

%
16     T = A\L;
17     
18     % Checking if values of Tensions are Valid %
19     if MatrixCheck(A,T,L) == 1
20         disp("Values are Valid")
21     else
22         disp("Values are not Valid")
23     end
24 end

 

1 function A = TrussMatrix(B,J,R)
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2     % Finding Number of Rows in Matrix A%
3     [num_reactions, ~] = size(R);
4     [sr,g] = size(B);
5     A = zeros(sr+num_reactions,sr+num_reactions);
6     
7     % Finding Matrix A Based on Joint and Rod Data%
8     for i = 1:sr
9         % Finding Joints connecting to ith Rod %
10         jnt1 = B(i,2);
11         jnt2 = B(i,3);
12         
13         % Finding Angle between ith Rod and Horizontal
14         theta = atan((J(jnt1,3)-J(jnt2,3))/(J(jnt1,2)-

J(jnt2,2)));
15         % Adding values of cos and sin theta into A Matrix %
16         A((jnt1*2)-1,i) = cos(theta);
17         A(jnt1*2,i) = sin(theta);
18         A((jnt2*2)-1,i) = -cos(theta);
19         A(jnt2*2,i) = -sin(theta);
20     end
21     for i = 1:num_reactions
22         if R(i,3) == 1
23             A((R(i,2)*2)-1,size(A)-num_reactions+i) = 1;
24         elseif R(i,4) == 1
25             A((R(i,2)*2),size(A)-num_reactions+i) = 1;
26         end
27     end
28 end

 

1 function a = MatrixCheck(A,T,L)
2     [sr, g] = size(A);
3     a = 1;
4     tol = 0.0001;     % Setting Tolerance Value
5     for i = 1:sr
6         tmp = A(i,:)*T;
7         disc = abs(tmp-L(i));
8         
9         % If the Difference is Greater than the Tolerance %
10         if (disc >= tol)
11             disp(strcat("Not valid at Joint:",num2str(i)))

 

 

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.



Chapter 6. 3. Solving. . . Introduction to Mechanics for Engineers � © 2026 Andy Ruina & Rudra Pratap Problem 6.3.9. . . 29

12             a = 0;
13         end
14     end
15 end
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6.3.10 Solve Problem ??.

 

Code :

1 J = [1 0 0;
2      2 0 0.5;
3      3 0.86 1;
4      4 1.8 1.34;
5      5 2.79 1.51;
6      6 3.77 1.34;
7      7 4.71 1;
8      8 5.58 0.5;
9      9 5.58 0;
10      10 4.71 0.5;
11      11 3.77 0.84;
12      12 2.79 1.01;
13      13 1.8 0.84;
14      14 0.86 0.5];
15
16 B = [1 1 2;
17      2 2 3;
18      3 3 4;
19      4 4 5;
20      5 5 6;
21      6 6 7;
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22      7 7 8;
23      8 8 9;
24      9 9 10;
25      10 10 11;
26      11 11 12;
27      12 12 13;
28      13 13 14;
29      14 1 14;
30      15 2 14;
31      16 3 14;
32      17 4 13;
33      18 5 12;
34      19 6 11;
35      20 7 10;
36      21 8 10;
37      22 4 14;
38      23 5 13;
39      24 5 11;
40      25 6 10;];
41
42 R = [1 1 1 0;
43      2 1 0 1;
44      3 9 0 1;];
45
46 F = [10 0 -20*1000;
47      11 0 -20*1000;
48      12 0 -20*1000;
49      13 0 -20*1000;
50      14 0 -20*1000;];
51
52 T = TrussAnalyser(B,J,R,F)

 

1 function T = TrussAnalyser(B,J,R,F)
2
3     % Receiving Matrix A from mat() %
4     A = TrussMatrix(B,J,R);
5     [sr,g] = size(A);
6
7     % Finding Matrix Containing External Forces %
8     L = zeros(sr,1);
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9     [sf, g] = size(F);
10     for i = 1:sf
11         L((F(i)*2)-1,1) = F(i,2);
12         L((F(i)*2),1) = F(i,3);
13     end
14     
15     % Finding Tensions on Each Rod Based on External Forces 

%
16     T = A\L;
17     
18     % Checking if values of Tensions are Valid %
19     if MatrixCheck(A,T,L) == 1
20         disp("Values are Valid")
21     else
22         disp("Values are not Valid")
23     end
24 end

 

1 function A = TrussMatrix(B,J,R)
2     % Finding Number of Rows in Matrix A%
3     [num_reactions, ~] = size(R);
4     [sr,g] = size(B);
5     A = zeros(sr+num_reactions,sr+num_reactions);
6     
7     % Finding Matrix A Based on Joint and Rod Data%
8     for i = 1:sr
9         % Finding Joints connecting to ith Rod %
10         jnt1 = B(i,2);
11         jnt2 = B(i,3);
12         
13         % Finding Angle between ith Rod and Horizontal
14         theta = atan((J(jnt1,3)-J(jnt2,3))/(J(jnt1,2)-

J(jnt2,2)));
15         % Adding values of cos and sin theta into A Matrix %
16         A((jnt1*2)-1,i) = cos(theta);
17         A(jnt1*2,i) = sin(theta);
18         A((jnt2*2)-1,i) = -cos(theta);
19         A(jnt2*2,i) = -sin(theta);
20     end
21     for i = 1:num_reactions
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22         if R(i,3) == 1
23             A((R(i,2)*2)-1,size(A)-num_reactions+i) = 1;
24         elseif R(i,4) == 1
25             A((R(i,2)*2),size(A)-num_reactions+i) = 1;
26         end
27     end
28 end

 

1 function a = MatrixCheck(A,T,L)
2     [sr, g] = size(A);
3     a = 1;
4     tol = 0.0001;     % Setting Tolerance Value
5     for i = 1:sr
6         tmp = A(i,:)*T;
7         disc = abs(tmp-L(i));
8         
9         % If the Difference is Greater than the Tolerance %
10         if (disc >= tol)
11             disp(strcat("Not valid at Joint:",num2str(i)))
12             a = 0;
13         end
14     end
15 end
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Output :

 

T =  1.0e + 05 ×  

-0.5007

0.9962

0.9158

1.4475

1.4528

0.9238

1.0020

-0.4993

0

1.5222

1.6503

1.6498

1.5170

0

-0.8612

0.1892

0.5717

0.7613

0.5687

0.1851

0.8688

-0.7582

-0.2408

0.2357

0.7546

0

-0.5007

-0.4993
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6.3.11 Using your program from prob-
lem 6.3.4 solve each of the following
problems:

a) Problem ??

b) Problem ??

c) Problem ??

d) Problem ??

e) Problem ??

f) Problem ??

1 J = [1 0 0.86;
2      2 2 0.86;
3      3 0 0;];
4
5 B = [1 1 2;
6      2 2 3;
7      3 1 3;];
8
9 R = [1 1 1 0;
10      2 1 0 1;
11      3 3 1 0;];
12
13 F = [2 173*cosd(120) 173*sind(120)];
14
15 T = TrussAnalyser(B,J,R,F)

 

1 function T = TrussAnalyser(B,J,R,F)
2
3     % Receiving Matrix A from mat() %
4     A = TrussMatrix(B,J,R);
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5     [sr,g] = size(A);
6
7     % Finding Matrix Containing External Forces %
8     L = zeros(sr,1);
9     [sf, g] = size(F);
10     for i = 1:sf
11         L((F(i)*2)-1,1) = F(i,2);
12         L((F(i)*2),1) = F(i,3);
13     end
14     
15     % Finding Tensions on Each Rod Based on External Forces 

%
16     T = A\L;
17     
18     % Checking if values of Tensions are Valid %
19     if MatrixCheck(A,T,L) == 1
20         disp("Values are Valid")
21     else
22         disp("Values are not Valid")
23     end
24 end

 

1 function A = TrussMatrix(B,J,R)
2     % Finding Number of Rows in Matrix A%
3     [num_reactions, ~] = size(R);
4     [sr,g] = size(B);
5     A = zeros(sr+num_reactions,sr+num_reactions);
6     
7     % Finding Matrix A Based on Joint and Rod Data%
8     for i = 1:sr
9         % Finding Joints connecting to ith Rod %
10         jnt1 = B(i,2);
11         jnt2 = B(i,3);
12         
13         % Finding Angle between ith Rod and Horizontal
14         theta = atan((J(jnt1,3)-J(jnt2,3))/(J(jnt1,2)-

J(jnt2,2)));
15         % Adding values of cos and sin theta into A Matrix %
16         A((jnt1*2)-1,i) = cos(theta);
17         A(jnt1*2,i) = sin(theta);
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18         A((jnt2*2)-1,i) = -cos(theta);
19         A(jnt2*2,i) = -sin(theta);
20     end
21     for i = 1:num_reactions
22         if R(i,3) == 1
23             A((R(i,2)*2)-1,size(A)-num_reactions+i) = 1;
24         elseif R(i,4) == 1
25             A((R(i,2)*2),size(A)-num_reactions+i) = 1;
26         end
27     end
28 end

 

1 function a = MatrixCheck(A,T,L)
2     [sr, g] = size(A);
3     a = 1;
4     tol = 0.0001;     % Setting Tolerance Value
5     for i = 1:sr
6         tmp = A(i,:)*T;
7         disc = abs(tmp-L(i));
8         
9         % If the Difference is Greater than the Tolerance %
10         if (disc >= tol)
11             disp(strcat("Not valid at Joint:",num2str(i)))
12             a = 0;
13         end
14     end
15 end
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1 J = [1 -0.86 0;
2      2 0 0.5;
3      3 0 0;];
4
5 B = [1 1 2;
6      2 2 3;];
7
8 R = [1 1 1 0;
9      2 1 0 1;
10      3 3 1 0;
11      4 3 0 1;];
12
13 F = [2 -300 0];
14
15 T = TrussAnalyser(B,J,R,F)
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1 J = [1 0 3;
2      2 1 3;
3      3 0 2;
4      4 1 2;
5      5 0 1;
6      6 1 1;
7      7 0 0;
8      8 0.5 0.5;
9      9 1 0;];
10
11 B = [1 1 2;
12      2 2 4;
13      3 4 6;
14      4 6 9;
15      5 7 9;
16      6 5 7;
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17      7 3 5;
18      8 1 3;
19      9 2 3;
20      10 3 4;
21      11 4 5;
22      12 5 6;
23      13 5 8;
24      14 6 8;
25      15 7 8;];
26
27 R = [1 7 0 1;
28      2 9 1 0;
29      3 8 0 1;];
30
31 F = [2 0 -2];
32
33 T = TrussAnalyser(B,J,R,F)
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1 J = [1 0 0;
2      2 0.5 0.86;
3      3 1 0;
4      4 1.5 0.86;
5      5 2 0;
6      6 2.5 0.86;
7      7 3 0;];
8
9 B = [1 1 2;
10      2 2 4;
11      3 4 6;
12      4 6 7;
13      5 5 7;
14      6 3 5;
15      7 1 3;
16      8 2 3;
17      9 3 4;
18      10 4 5;
19      11 5 6;];
20
21 R = [1 1 0 1;
22      2 1 1 0;
23      3 6 0 1;];
24
25 F = [3 0 -4000;
26      5 0 -1000;];
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27
28 T = TrussAnalyser(B,J,R,F)

 

 

 

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.



44 Chapter 6. 3. Solving. . . Introduction to Mechanics for Engineers � © 2026 Andy Ruina & Rudra Pratap Problem. . .

1 l = sym('l');
2
3 J = [1 0 0;
4      2 l/2 0.86*l;
5      3 l 2*l*0.86;
6      4 2*l 2*l*0.86;
7      5 (5/2)*l 0.86*l;
8      6 3*l 0;];
9
10 B = [1 1 2;
11      2 2 3;
12      3 3 4;
13      4 4 5;
14      5 5 6;
15      6 1 6;
16      7 2 6;
17      8 2 5;
18      9 3 5;];
19
20 R = [1 1 0 1;
21      2 1 1 0;
22      3 6 0 1;];
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23
24 F = [4 3000*cosd(45) -3000*sind(45)];
25
26 T = TrussAnalyser(B,J,R,F)
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1 J = [1 0 0;
2      2 0 2;
3      3 1 0;
4      4 1 2;
5      5 2 0;
6      6 2 2;
7      7 3 0;
8      8 3 2;
9      9 4 0;
10      10 4 2;
11      11 5 0;
12      12 5 2;
13      13 6 0;
14      14 6 2;
15      15 7 0;
16      16 7 2;
17      17 8 0;
18      18 8 2;];
19
20 B = [1 1 2;
21      2 2 4;
22      3 4 6;
23      4 6 8;
24      5 8 10;
25      6 10 12;
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26      7 12 14;
27      8 14 16;
28      9 16 18;
29      10 17 18;
30      11 15 17;
31      12 13 15;
32      13 11 13;
33      14 9 11;
34      15 7 9;
35      16 5 7;
36      17 3 5;
37      18 1 3;
38      19 2 3;
39      20 3 4;
40      21 4 5;
41      22 5 6;
42      23 6 7;
43      24 7 8;
44      25 8 9;
45      26 9 10;
46      27 10 11;
47      28 11 12;
48      29 12 13;
49      30 13 14;
50      31 14 15;
51      32 15 16;
52      33 16 17;];
53
54 R = [1 1 0 1;
55      2 1 1 0;
56      3 18 0 1;];
57
58 F = [7 0 -10*1000;
59      11 0 -10*1000;];
60
61 T = TrussAnalyser(B,J,R,F)
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