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Question 1
Truss system in the question can be seen in Figure 1. The truss members have the cross-sectional area of
8 cm2 and made of steel having the elasticity modulus of E = 200GPa. Nodal deflections, element stresses and
reaction forces are to be found. The system is hyperstatic.
Matlab code for the solution can be found in Listing 1.
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Figure 1: Truss system schematic for question 1

In the Figure 1, node numbers are given inside circle with the corresponding global DOF and element
numbers are given inside squares. There are two forces acting on the system with −15◦ between y − axis.

2D Truss element stiffness matrix is given by:

K =
EA

Le


l2 lm −l2 −lm
lm m2 −lm m2

−l2 −lm l2 lm
−lm −m2 lm m2

 (1)

Where l = cos θ and m = sin θ.

Corresponding topology matrix for the system:

Topology Matrix =


1 2 3 4
3 4 5 6
7 8 5 6
7 8 3 4
7 8 1 2

 (2)
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Element Number Stresses [MPa]
Element 1 −0.32
Element 2 0.32
Element 3 3.61
Element 4 −2.41
Element 5 2.57

Table 1: Element Stresses for Question 1.

Global DOF Displacement [mm]
1 0
2 0
3 −1.62E − 03
4 −4.68E − 02
5 0
6 0
7 −6.64E − 03
8 −3.17E − 02

Table 2: Nodal displacements for Question 1.

Constrained DOF Reaction Force [N]
1 −1028
2 1608
5 2063
6 2255

Table 3: Nodal Reaction forces in the constrained nodes for Question 1.
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Question 2
Same formulation and similar code with Question 1 is used for Question 2.

In the Figure 2, node numbers are given inside circle with the corresponding global DOF and element numbers
are given inside squares. There are two forces acting on the system with in lateral direction. The truss members
have the cross-sectional area of 8 in2and made of steel having the elasticity modulus of E = 1.9 · 104 lb/in2.
Nodal deflections, element stresses and reaction forces are to be found. The system is hyperstatic.
Matlab code for the solution can be found in Listing 2.
Corresponding topology matrix for the system:

Topology Matrix =


1 2 3 4
3 4 5 6
7 8 5 6
7 8 3 4
7 8 1 2
9 10 7 8
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Figure 2: Truss system schematic for question 2

Element Number Stresses [psi]
Element 1 62.5
Element 2 62.5
Element 3 −88.39
Element 4 −62.5
Element 5 176.78
Element 6 −187.5

Table 4: Element Stresses for Question 2.
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Global DOF Displacement [in]
1 0
2 0
3 0.12
4 −1.14
5 0.24
6 −1.95
7 −0.36
8 −1.03
9 0
10 0

Table 5: Nodal displacements for Question 2.

Constrained DOF Reaction Force [lb]
1 −1500
2 1000
9 1500
10 0

Table 6: Nodal Reaction forces in the constrained nodes for Question 2.
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Question 3
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Figure 3: 2 element example for Euler-Bernoulli beam in Question 3, initial condition is u3 = 3 mm

A beam clamped at the both ends subjected to an initial deflection at the center with a spring also attached
at the same point. Spring coefficient k = 100N ·mm−1 and elastic modulus of the beam E = 210GPa. The
beam has the width of 8mm, height of 2mm and length of 1m. Element stiffness matrix of Euler-Bernoulli
beam is given by:

[k] =

∫ L

0

[B]TEI[B] dx =
EI

L3


12 6L −12 6L
6L 4L2 −6L 2L2

−12 −6L 12 −6L
6L 2L2 −6L 4L2

 (3)

[de] =


w1

θ1
w2

θ2

 (4)

This question is solved using both Matlab and commercial program (Ansys). Results are compared using dif-
ferent element sizes. Matlab code for the solution can be found in Listing 3.

Commercial Program
A 3D model with linear elements are created. Body is divided into 4 from the midpoint to define a spring.
Because of this, even though there are same number of elements throughout the length of the beam, total
number of elements in this model is always 4 times more than the Matlab code. The model and the boundary
conditions are given in Figure 4 and Figure 7.

Workflow in the analysis is to apply the initial deflection at the first time step, than deactivating the deflec-
tion. To ensure the system is in steady state, there is an additional time step after deactivation. So there are
three time steps in the analysis.

Results
In this section, results of the Matlab code and the commercial code are going to be compared with same element
size.

For 2 elements Deflection at the middle is little smaller than the initial value. Bending angle throughout
the beam is zero because of the linear elements and no use of shape functions.

Number of Elements Matlab Result [mm] Ansys Result [mm]
2 2.9992 0.11175

Table 7: Maximum deflection compensation between Matlab code and Ansys for 2 elements.
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Figure 4: Middle portion of the modelled beam in Ansys.

Figure 5: Boundary conditions in Ansys.
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(a) Deflection [mm] (b) Angle [◦]

Figure 6: Results for 2 elements (Matlab)

Figure 7: Results for 2 elements (Ansys)

For 4 elements Bending angle throughout the beam is not this time. Maximum deflection is same with 2
elements but the curves are more accurate. Results of both programs are similar from this point on wards.

Number of Elements Matlab Result [mm] Ansys Result [mm]
2 2.9992 2.9991

Table 8: Maximum deflection compensation between Matlab code and Ansys for 4 elements.
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(a) Deflection [mm] (b) Angle [◦]

Figure 8: Results for 4 elements (Matlab)

Figure 9: Results for 4 elements (Ansys)

Number of Elements Matlab Result [mm] Ansys Result [mm]
2 2.9992 2.9992

Table 9: Maximum deflection compensation between Matlab code and Ansys for 10 elements.

For 10 elements

Number of Elements Matlab Result [mm] Ansys Result [mm]
2 2.9992 2.9992

Table 10: Maximum deflection compensation between Matlab code and Ansys for 100 elements.

For 100 elements

For 1000 elements Bending angle and deflection is similar to the 100 elements.
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(a) Deflection [mm] (b) Angle [◦]

Figure 10: Results for 10 elements (Matlab)

(a) Deflection [mm] (b) Angle [◦]

Figure 11: Results for 100 elements (Matlab)

Number of Elements Matlab Result [mm] Ansys Result [mm]
2 2.9992 2.9992

Table 11: Maximum deflection compensation between Matlab code and Ansys for 1000 elements.
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(a) Deflection [mm] (b) Angle [◦]

Figure 12: Results for 1000 elements (Matlab)

Figure 13: Results for 1000 elements (Ansys)
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Question 4
In this question, temperature distribution through composite wall is to be found where convection heat loss
occurs on the left surface. Cross-sectional area A = 2m2. Element stiffness matrices corresponding to heat
convection and heat conduction are respectively given by:

Ke = hA

[
1 −1
−1 1

]
and Ke =

kA

L

[
1 −1
−1 1

]
(5)

Composite wall schematic is given in 14. Matlab code used in this question is similar to the code in question
3 and can be found on Listing 4.
Here, 3 elements are used to solve the problem and they corresponds to the heat convection area, the wall with
2 cm thickness (k1) and the wall with 6 cm thickness (k2). Solution of the problem (temperatures at the nodes)
is given in 16.

φf = −5 ◦C φ = 20 ◦C

h = 0.1 W
cm2 · ◦C

k1 = 0.2 W
cm · ◦C

k2 = 0.06 W
cm · ◦C

Figure 14: Compsite wall

Figure 15: Corresponding spring system of the problem.

φ1node = −5 ◦C φ4node = 20 ◦C

φ2node = −2.92 ◦C φ3node = −0.83 ◦C

Figure 16: Temperatures at the nodes.
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Matlab Scripts

Listing 1: Matlab code for question 1

1 %Q1 − Erdem Cal i skan
2

3 c l e a r a l l
4

5 e = 200 e9 ; %E l a s t i c i t y [ Pa ]
6 a l = 8e−4; %Cross Sec t i on Area [m^2]
7 FORCE = 2000 ; %Forces [N]
8

9 ne l = 5 ; %Number o f e lements
10 nnode = 4 ; %Number o f nodes
11 NodalDOF = 2∗nnode ; %Total nodal DOF
12

13 elementNodes = [ 1 2 ;
14 2 3 ;
15 4 3 ;
16 4 2 ;
17 4 1 ] ; %nodes
18

19 nodeCoords = [ −1 1 . 2 5 ;
20 0 1 . 2 5 ;
21 1 1 . 2 5 ;
22 0 0 ] ; %coo rd ina t e s o f nodes
23

24 xcoord = nodeCoords ( : , 1 ) ;
25 ycoord = nodeCoords ( : , 2 ) ;
26

27 %Def ine topology matrix
28

29 top = ze ro s ( nel , 4 ) ;
30 top ( : , 1 ) = (2∗ elementNodes ( : , 1 ) )−1;
31 top ( : , 2 ) = (2∗ elementNodes ( : , 1 ) ) ;
32 top ( : , 3 ) = (2∗ elementNodes ( : , 2 ) )−1;
33 top ( : , 4 ) = (2∗ elementNodes ( : , 2 ) ) ;
34

35 kglob = ze ro s (NodalDOF ,NodalDOF) ;
36

37 di sp ( ’ Topology Matrix ’ )
38 di sp ( top )
39

40 %Def in ing Global S t i f f n e s s Matrix
41

42 f o r i =1: ne l
43

44 DOFe = top ( i , : ) ;
45

46 nodeso fe lement = elementNodes ( i , : ) ;
47

48 elementx = xcoord ( nodeso fe lement (2 ) ) − xcoord ( nodeso fe lement (1 ) ) ;
49 elementy = ycoord ( nodeso fe lement (2 ) ) − ycoord ( nodeso fe lement (1 ) ) ;
50

51 l = sq r t ( elementx^2+elementy ^2) ;
52

53 C = elementx/ l ;
54 S = elementy/ l ;
55
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56 ke=e∗ a l / l ∗ [ C^2 C∗S −C^2 −C∗S
57 C∗S S^2 −C∗S −S∗S
58 −C^2 −C∗S C^2 C∗S
59 −C∗S −S^2 C∗S S^2 ] ; %element s t i f f n e s s matrix
60

61 kglob (DOFe,DOFe)=kglob (DOFe,DOFe)+ke ;
62

63 end
64

65 kglob1 = kglob ; % saves the kglob to c a l c u l a t e r e a c t i on f o r c e s
66 kglob2 = kglob ; % saves the kglob to d i sp l ay
67

68 % Eleminate 1 . , 2 . , 5 . , 6 . row and column f o r boundary cond i t i on s
69 % ( Direc t Method )
70

71 kglob ( 1 , : ) = [ ] ;
72 kglob ( : , 1 ) = [ ] ;
73 kglob ( 1 , : ) = [ ] ;
74 kglob ( : , 1 ) = [ ] ;
75 kglob ( 3 , : ) = [ ] ;
76 kglob ( : , 3 ) = [ ] ;
77 kglob ( 3 , : ) = [ ] ;
78 kglob ( : , 3 ) = [ ] ;
79

80 f = ze ro s (NodalDOF−4 ,1) ;
81 f ( 1 ) = −FORCE∗ s ind (15) ;
82 f ( 2 ) = −FORCE∗ cosd (15) ;
83 f ( 3 ) = −FORCE∗ s ind (15) ;
84 f ( 4 ) = −FORCE∗ cosd (15) ;
85

86 d = kglob \ f ; % so l v e the system
87

88 d i sp_tota l = [ 0
89 0
90 d (1)
91 d (2)
92 0
93 0
94 d (3)
95 d (4) ] ; % i n s e r t 0 d i sp lacements
96

97 s t r e s s e s = ze ro s ( nel , 1 ) ;
98

99 f o r j = 1 : ne l % Def in ing e lements s t r e s s e s
100

101 DOFe = top ( j , : ) ;
102

103 nodeso fe lement = elementNodes ( j , : ) ;
104

105 elementx = xcoord ( nodeso fe lement (2 ) ) − xcoord ( nodeso fe lement (1 ) ) ;
106 elementy = ycoord ( nodeso fe lement (2 ) ) − ycoord ( nodeso fe lement (1 ) ) ;
107

108 l = sq r t ( elementx^2+elementy ^2) ;
109

110 C = elementx/ l ;
111 S = elementy/ l ;
112

113 e l onga t i on =((−d i sp_tota l (DOFe(1 , 1 ) )+di sp_tota l (DOFe(1 , 3 ) ) ) ∗C) + . . .
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114 ((− d i sp_tota l (DOFe(1 , 2 ) )+di sp_tota l (DOFe(1 , 4 ) ) ) ∗S) ;
115

116 s t r a i n = e l onga t i on / l ;
117

118 s t r e s s e s ( j , 1 )=s t r a i n ∗e ;
119 end
120

121 kglob1 ( 3 , : ) = [ ] ;
122 kglob1 ( 3 , : ) = [ ] ;
123 kglob1 ( 5 , : ) = [ ] ;
124 kglob1 ( 5 , : ) = [ ] ;
125

126 noda l f o r c e s = kglob1 ∗ d i sp_tota l ;
127

128 %Check the f o r c e balance
129

130 fx = noda l f o r c e s (1 ) + noda l f o r c e s (3 ) − 2∗FORCE∗ s ind (15)
131 fy = noda l f o r c e s (2 ) + noda l f o r c e s (4 ) − 2∗FORCE∗ cosd (15)
132

133 di sp ( ’ Displacements ’ )
134 di sp ( d i sp_tota l )
135 di sp ( ’ Nodal Reaction Forces ’ )
136 di sp ( noda l f o r c e s )
137 di sp ( ’Member S t r e s s e s ’ )
138 di sp ( s t r e s s e s )
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Listing 2: Matlab code for question 2

1 %Q2 − Erdem Cal i skan
2

3 c l e a r a l l
4

5

6 e = 1 .9 e4 ; %E l a s t i c i t y [ Pa ]
7 a l = 8 ; %Cross Sec t i on Area [m^2]
8 FORCE = 500 ; %Forces [N]
9

10 ne l = 6 ; %Number o f e lements
11 nnode = 5 ; %Number o f nodes
12 NodalDOF = 2∗nnode ; %Total nodal DOF
13

14 elementNodes = [ 1 2 ;
15 2 3 ;
16 4 3 ;
17 4 2 ;
18 4 1
19 5 4 ] ; %nodes
20

21 nodeCoords = [ 0 0 ;
22 36 0 ;
23 72 0 ;
24 36 −36;
25 0 −36]; %coo rd ina t e s o f nodes
26

27 xcoord = nodeCoords ( : , 1 ) ;
28 ycoord = nodeCoords ( : , 2 ) ;
29

30 %Def ine topology matrix
31 top = ze ro s ( nel , 4 ) ;
32 top ( : , 1 ) = (2∗ elementNodes ( : , 1 ) )−1;
33 top ( : , 2 ) = (2∗ elementNodes ( : , 1 ) ) ;
34 top ( : , 3 ) = (2∗ elementNodes ( : , 2 ) )−1;
35 top ( : , 4 ) = (2∗ elementNodes ( : , 2 ) ) ;
36 kglob=ze ro s (NodalDOF ,NodalDOF) ;
37

38 di sp ( ’ Topology Matrix ’ )
39 di sp ( top )
40

41 %Def in ing Global S t i f f n e s s Matrix
42

43 f o r i =1: ne l
44

45 DOFe = top ( i , : ) ;
46

47 nodeso fe lement = elementNodes ( i , : ) ;
48

49 elementx = xcoord ( nodeso fe lement (2 ) ) − xcoord ( nodeso fe lement (1 ) ) ;
50 elementy = ycoord ( nodeso fe lement (2 ) ) − ycoord ( nodeso fe lement (1 ) ) ;
51

52 l = sq r t ( elementx^2+elementy ^2) ;
53

54 C = elementx/ l ;
55 S = elementy/ l ;
56

57 ke=e∗ a l / l ∗ [ C^2 C∗S −C^2 −C∗S
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58 C∗S S^2 −C∗S −S∗S
59 −C^2 −C∗S C^2 C∗S
60 −C∗S −S^2 C∗S S^2 ] ; %element s t i f f n e s s matrix
61

62 kglob (DOFe,DOFe)=kglob (DOFe,DOFe)+ke ;
63

64

65 end
66

67 % Eleminate 1 . , 2 . , 9 . , 10 . row and column f o r boundary cond i t i on s
68 % ( Direc t Method )
69

70 kglob1 = kglob ;
71

72 kglob ( 1 , : ) = [ ] ;
73 kglob ( : , 1 ) = [ ] ;
74 kglob ( 1 , : ) = [ ] ;
75 kglob ( : , 1 ) = [ ] ;
76 kglob ( 7 , : ) = [ ] ;
77 kglob ( : , 7 ) = [ ] ;
78 kglob ( 7 , : ) = [ ] ;
79 kglob ( : , 7 ) = [ ] ;
80

81 f = ze ro s (NodalDOF−4 ,1) ;
82 f ( 2 ) = −FORCE;
83 f ( 4 ) = −FORCE;
84

85 d = kglob \ f ; %so l v e the system
86

87 d i sp_tota l = [ 0
88 0
89 d
90 0
91 0
92 ] ;
93

94 s t r e s s e s = ze ro s ( nel , 1 ) ;
95

96 f o r j = 1 : ne l %Def in ing e lements s t r e s s e s
97

98 DOFe = top ( j , : ) ;
99

100 nodeso fe lement = elementNodes ( j , : ) ;
101

102 elementx = xcoord ( nodeso fe lement (2 ) ) − xcoord ( nodeso fe lement (1 ) ) ;
103 elementy = ycoord ( nodeso fe lement (2 ) ) − ycoord ( nodeso fe lement (1 ) ) ;
104

105 l = sq r t ( elementx^2+elementy ^2) ;
106

107 C = elementx/ l ;
108 S = elementy/ l ;
109

110 e l onga t i on =((−d i sp_tota l (DOFe(1 , 1 ) )+di sp_tota l (DOFe(1 , 3 ) ) ) ∗C) + . . .
111 ((− d i sp_tota l (DOFe(1 , 2 ) )+di sp_tota l (DOFe(1 , 4 ) ) ) ∗S) ;
112

113 s t r a i n = e l onga t i on / l ;
114

115 s t r e s s e s ( j , 1 )=s t r a i n ∗e ;
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116 end
117

118 kglob1 ( 3 , : ) = [ ] ;
119 kglob1 ( 3 , : ) = [ ] ;
120 kglob1 ( 3 , : ) = [ ] ;
121 kglob1 ( 3 , : ) = [ ] ;
122 kglob1 ( 3 , : ) = [ ] ;
123 kglob1 ( 3 , : ) = [ ] ;
124

125 noda l f o r c e s = kglob1 ∗ d i sp_tota l ;
126

127 %Check the f o r c e balance
128

129 fx = noda l f o r c e s (1 ) + noda l f o r c e s (3 )
130 fy = noda l f o r c e s (2 ) + noda l f o r c e s (4 ) − 2∗FORCE
131

132 di sp ( ’ Displacements ’ )
133 di sp ( d i sp_tota l )
134 di sp ( ’ Nodal Reaction Forces ’ )
135 di sp ( noda l f o r c e s )
136 di sp ( ’Member S t r e s s e s ’ )
137 di sp ( s t r e s s e s )
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Listing 3: Matlab code for question 3

1 %Q3 − Erdem Cal i skan
2

3 c l e a r a l l
4 c l o s e a l l
5 format compact
6 format shor t e
7 t i c
8

9 ne l = 1000 ; % Number o f e lements
10 nnode = ne l + 1 ;
11

12 L = 2000 ; %lenght [mm]
13 e = 210 e3 ; %MPa
14 h = 5 . 3 3 3 ; %cros s−s e c t i o n a l i n e r t i a
15 l = L/ ne l ; %element l enght [mm]
16 a l = 16 ; %cros s−s e c t i o n a l area [mm^2]
17

18 % Topology matrix
19 topsay = 0 ;
20 top1 = ze ro s ( nel , 4 ) ;
21

22 f o r i 1 = 1 : ne l
23

24 topsay = topsay + 1 ;
25 top1 ( i1 , 1 ) = topsay ;
26 topsay = topsay + 1 ;
27 top1 ( i1 , 2 ) = topsay ;
28 topsay = topsay + 1 ;
29 top1 ( i1 , 3 ) = topsay ;
30 topsay = topsay + 1 ;
31 top1 ( i1 , 4 ) = topsay ;
32 topsay = topsay − 2 ;
33 end
34

35 % S t i f f n e s s matrix
36 nbi r = max(max( top1 ) ) ;
37 kglob = ze ro s ( nbir , nb i r ) ;
38

39 f o r i s ay = 1 : ne l
40

41 ke l = e∗h/( l ∗ l ∗ l ) ∗ [ 12 6∗ l −12 6∗ l
42 6∗ l 4∗ l ∗ l −6∗ l 2∗ l ∗ l
43 −12 −6∗ l 12 −6∗ l
44 6∗ l 2∗ l ∗ l −6∗ l 4∗ l ∗ l ] ; % Element s t i f f n e s s matrix
45 f o r i 1 = 1 :4 % Global s t i f f n e s s matrix
46 f o r j 1 = 1 :4
47 kglob ( top1 ( i say , i 1 ) , top1 ( i say , j 1 ) ) = . . .
48 kglob ( top1 ( i say , i 1 ) , top1 ( i say , j 1 ) ) + ke l ( i1 , j 1 ) ;
49 end
50 end
51 end
52

53 % Global s t i f f n e s s matrix with BC’ s , both ends are clamped
54 % Direc t method
55

56 f o r i 2 = 1 : nbir−4
57 f o r j 2 =1 : nbir−4
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58 kglob2 ( i2 , j 2 ) = kglob ( i 2 +2, j 2+2) ;
59 end
60 end
61

62 [mg1 , junk1 ] = s i z e ( kglob2 ) ;
63 e f = ze ro s (mg1 , 1 ) ;
64

65 % Def ine the f o r c e app l i c a t i o n po int : Ve r t i c a l load ( upward ) at the f i r s t
66 % node
67

68 FORCE = 300 ;
69 e f (mg1/2 ,1) = 1∗FORCE;
70

71 % Boundary cond . : Spr ing at the middle o f beam , spr ing s t i f f n e s s added to
72 % the g l oba l s t i f f n e s s
73

74 kglob2 (mg1/2 ,mg1/2) = kglob2 (mg1/2 ,mg1/2) + 1e2 ;
75

76 d1 = kglob2 \ e f ; %so l v e
77

78 [ s1 , s2 ] = s i z e ( d1 ) ;
79

80 d = ze ro s ( s1+4 ,1) ;
81

82 d ( 3 : s1+2 ,1) = d1 ( : , 1 ) ; % add the clamped ends to the d e f l e c t i o n s
83

84 u = d ( 1 : 2 : s1+4 ,1) ; % v e r t i c a l d i sp lacements
85 phi = d ( 2 : 2 : s1+4 ,1) ; % bending ang le
86

87 f = kglob ∗d ; % c a l c u l a t e the r e a c t i on f o r c e s
88

89 R = f ( 1 : 2 : s1+4 ,1) ; % r e c t i o n f o r c e s
90 M = f ( 2 : 2 : s1+4 ,1) ; % moments
91

92 l enght = ( 0 : ne l ) / ne l ∗2 ;
93

94 % plo t the d e f l e c t i o n and the bending ang le throughout the beam
95

96 f i g u r e ( ’Name ’ , ’ Displacement ’ ) ;
97 p lo t ( lenght , u )
98 t i t l e ( ’ Displacement ’ )
99 x l ab e l ( ’ Lenght [m] ’ )

100 y l ab e l ( ’ Displacement [mm] ’ )
101

102 f i l ename = [ ’ d e f l e c t i o n ’ num2str ( ne l ) ’ . png ’ ] ;
103 saveas (1 , f i l ename )
104

105 f i g u r e ( ’Name ’ , ’ Bending Angle ’ ) ;
106 p lo t ( lenght , phi )
107 t i t l e ( ’ Bending Angle ’ )
108 x l ab e l ( ’ Lenght [m] ’ )
109 y l ab e l ( ’ Bending Angle [ deg ] ’ )
110 f i l ename = [ ’ ang le ’ num2str ( ne l ) ’ . png ’ ] ;
111 saveas (2 , f i l ename )
112 toc
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Listing 4: Matlab code for question 4

1 %Q4 − Erdem Cal i skan
2

3 c l e a r a l l
4 c l o s e a l l
5 format compact
6 format shor t e
7 t i c
8

9 ne l = 3 ;
10 nnode = ne l + 1 ;
11

12 l 1 = 0 . 0 2 ; %m
13 l 2 = 0 . 0 6 ; %m
14 h = 1000 ; %W/m^2∗C
15 k1 = 20 ; %W/m∗C
16 k2 = 6 ; %W/m∗C
17 phiF = −5; %C
18 phi = 20 ; %C
19 a l = 2 ; %m2
20

21 topsay = 0 ;
22 top1 = ze ro s ( nel , 4 ) ;
23

24 f o r i 1 = 1 : ne l
25

26 topsay = topsay + 1 ;
27 top1 ( i1 , 1 ) = topsay ;
28

29 topsay = topsay + 1 ;
30 top1 ( i1 , 2 ) = topsay ;
31

32 topsay = topsay + 1 ;
33 top1 ( i1 , 3 ) = topsay ;
34

35 topsay = topsay + 1 ;
36 top1 ( i1 , 4 ) = topsay ;
37

38 topsay = topsay − 2 ;
39 end
40

41 nbi r = max(max( top1 ) ) ;
42 kglob = ze ro s ( nbir , nb i r ) ;
43

44 kel_hava = h∗ a l ∗ [ 1 −1 0 0
45 −1 1 0 0
46 0 0 0 0
47 0 0 0 0 ] ;
48

49 kel_1 = k1∗ a l / l 1 ∗ [ 0 0 0 0
50 0 1 −1 0
51 0 −1 1 0
52 0 0 0 0 ] ;
53

54 kel_2 = k2∗ a l / l 2 ∗ [ 0 0 0 0
55 0 0 0 0
56 0 0 1 −1
57 0 0 −1 1 ] ;
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58

59 kglob = kel_hava + kel_1 + kel_2 ;
60

61 kglob1 = kglob ;
62 kglob1 ( 1 , : ) = [ 1 0 0 0 ] ;
63 kglob1 ( 4 , : ) = [ 0 0 0 1 ] ;
64

65 f = ze ro s (4 , 1 ) ;
66

67 f ( 1 ) = phiF ;
68 f ( 4 ) = phi ;
69

70 d = kglob1 \ f ;
71

72 di sp ( ’ Temperatures at nodes ’ )
73 di sp (d)
74

75 toc
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