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Example: MATLAB Implementation and Results 

clear 
m = 1.0 
k = 1.0 
 
Mmat = [ 5/2*m -m/2 ; -m/2 3/2*m] 
Kmat = [ 3*k  -2*k  ; -2*k  2*k] 
 
invMmat = inv(Mmat) 
 
Pmat = invMmat*Kmat 
 
[Umat, Omegamat] = eig(Pmat) 
 
UmatNormalized = [Umat(:,1)/Umat(1,1)   Umat(:,2)/Umat(1,2)] 
 
firstNatFreq = sqrt(Omegamat(1,1)) 
secondNatFreq = sqrt(Omegamat(2,2)) 

Mmat = 
    2.5000   -0.5000 
   -0.5000    1.5000 
 
Kmat = 
     3    -2 
    -2     2 
 
invMmat = 
    0.4286    0.1429 
    0.1429    0.7143 
 
Pmat = 
    1.0000   -0.5714 
   -1.0000    1.1429 
 
Umat = 
   -0.6390    0.5667 
   -0.7692   -0.8239 
 
Omegamat = 
    0.3121         0 
         0    1.8307 
 
UmatNormalized = 
    1.0000    1.0000 
    1.2038   -1.4538 
 
firstNatFreq     =    0.5587 
secondNatFreq =    1.3530 363 

Assuming 𝑥2 > 𝑥1, �̇�2 > �̇�1, �̈�2 > �̈�1 and all are positive, the free body diagram for the
cylinder and the cart is

F
mg

N1

k(x2 − x1)k(x2 − x1)
Icgα

+
mẍ2=⇒

k(x2 − x1) k(x2 − x1)kx1

F

N1

2mg
N

=⇒ 2mẍ1

Equation of motion for cylinder. ∑𝐹𝑥
−2𝑘 (𝑥2 − 𝑥1) − 𝐹 = 𝑚�̈�2 (1)

And taking moment around C.G. of cylinder, using anti-clock wise as positive

−𝐹𝑟 = −𝐼𝑐𝑔𝛼
𝐹𝑟 = 𝐼𝑐𝑔𝛼
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Since we assumed no slip, then (�̈�2 − �̈�1) = 𝛼𝑟 and the above becomes

𝐹𝑟 = 𝐼𝑐𝑔
(�̈�2 − �̈�1)

𝑟

𝐹 = 𝐼𝑐𝑔
(�̈�2 − �̈�1)

𝑟2

=
1
2
𝑚𝑟2

(�̈�2 − �̈�1)
𝑟2

=
1
2
𝑚 (�̈�2 − �̈�1) (2)

Using (2) in (1) gives EQM for 𝑥2

𝑚�̈�2 + 2𝑘 (𝑥2 − 𝑥1) +
1
2
𝑚 (�̈�2 − �̈�1) = 0

3
2
𝑚�̈�2 −

1
2
𝑚�̈�1 + 2𝑘𝑥2 − 2𝑘𝑥1 = 0 (3)

For EQM for 𝑥1, resolving forces in 𝑥 direction gives

−𝑘𝑥1 + 2𝑘 (𝑥2 − 𝑥1) + 𝐹 = 2𝑚�̈�1
Using 𝐹 found in (2) into the above gives

−𝑘𝑥1 + 2𝑘 (𝑥2 − 𝑥1) +
1
2
𝑚 (�̈�2 − �̈�1) = 2𝑚�̈�1

Simplifying

2𝑚�̈�1 −
1
2
𝑚 (�̈�2 − �̈�1) + 𝑘𝑥1 − 2𝑘 (𝑥2 − 𝑥1) = 0

−
1
2
𝑚�̈�2 +

5
2
𝑚�̈�1 + 3𝑘𝑥1 − 2𝑘𝑥2 = 0 (4)

Writing (3,4) in matrix form gives (note. Using (4) for top row and then use (3) for second
row)

⎡
⎢⎢⎢⎢⎣

5
2𝑚 −1

2𝑚
−1
2𝑚

3
2𝑚

⎤
⎥⎥⎥⎥⎦

⎧⎪⎪⎨
⎪⎪⎩
�̈�1
�̈�2

⎫⎪⎪⎬
⎪⎪⎭
+
⎡
⎢⎢⎢⎢⎣
3𝑘 −2𝑘
−2𝑘 2𝑘

⎤
⎥⎥⎥⎥⎦

⎧⎪⎪⎨
⎪⎪⎩
𝑥1
𝑥2

⎫⎪⎪⎬
⎪⎪⎭
=

⎧⎪⎪⎨
⎪⎪⎩
0
0

⎫⎪⎪⎬
⎪⎪⎭

(5)

If we had picked (3) for top row and then (4) for second row, the result will be
⎡
⎢⎢⎢⎢⎣
−1
2𝑚

3
2𝑚

5
2𝑚 −1

2𝑚

⎤
⎥⎥⎥⎥⎦

⎧⎪⎪⎨
⎪⎪⎩
�̈�1
�̈�2

⎫⎪⎪⎬
⎪⎪⎭
+
⎡
⎢⎢⎢⎢⎣
−2𝑘 2𝑘
3𝑘 −2𝑘

⎤
⎥⎥⎥⎥⎦

⎧⎪⎪⎨
⎪⎪⎩
𝑥1
𝑥2

⎫⎪⎪⎬
⎪⎪⎭
=

⎧⎪⎪⎨
⎪⎪⎩
0
0

⎫⎪⎪⎬
⎪⎪⎭

(6)

Since So (5) and (6) are equivalent. To verify both (5) and (6) give the same eigenvalues,
here is a check
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In[49]:= (* eq 5*)

m = 1;

k = 1;

massMat = {{5/ 2 m, -1/ 2 m}, {-1/ 2 m, 3/ 2 m}};

kMat = {{3 k, -2 k}, {-2 k, 2 k}};

Amat = Inverse[massMat]. kMat;

Sqrt[Eigenvalues[Amat]] // N

Out[54]= {1.353042756497228, 0.5586881437327312}

In[63]:= (* eq 6*)

SetOptions[$FrontEndSession, PrintPrecision → 16]

m = 1;

k = 1;

massMat = {{-1/ 2 m, 3/ 2 m}, {5/ 2 m, -1/ 2 m}};

kMat = {{-2 k, 2 k}, {3 k, -2 k}};

inv = Inverse[massMat];

Amat = (inv. kMat);

Sqrt[Eigenvalues[Amat]] // N

Out[70]= {1.353042756497228, 0.5586881437327312}


