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Spring/Mass Pendulum

≔k 105 ―
N
m

≔lo 0.1 m ≔M 0.25 kg

≔θo =0.017 rad 0.97402825 deg ≔θ'o 0 ―
1
s

≔ro lo ≔r'o 0 ―
m
s

≔to 0 s

≔βo =
‾‾‾‾‾‾‾

-―
k
M

θ'o
2 632.456 ―

1
s

≔γo =+⋅g cos ⎛⎝θo⎞⎠ ⋅k ―
lo
M

⎛⎝ ⋅4.001 104 ⎞⎠ ―
m

s2

≔a =sin⎛⎝ ⋅βo to⎞⎠ 0 ≔b =cos⎛⎝ ⋅βo to⎞⎠ 1

≔D
a b
⋅βo b ⋅-βo a

⎡
⎢⎣

⎤
⎥⎦

≔S
-ro ――

γo

βo
2

r'o

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

≔C =⋅D((-1)) S 0
-0.0000245

⎡
⎢⎣

⎤
⎥⎦
m

≔θ''o =⋅――
-1
ro

⎛⎝ +⋅g sin ⎛⎝θo⎞⎠ ⋅⋅2 r'o θ'o⎞⎠ -1.667 ―
1

s2

≔ro =++⋅C
0
sin ⎛⎝ ⋅βo to⎞⎠ ⋅C

1
cos ⎛⎝ ⋅βo to⎞⎠ ――

γo

βo
2

0.1 m

≔r'o =-⋅⋅βo C
0
cos ⎛⎝ ⋅βo to⎞⎠ ⋅⋅βo C

1
sin ⎛⎝ ⋅βo to⎞⎠ 0 ―

m
s

≔Δt 0.005 s

≔to =+to Δt 0.005 s
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≔to =+to Δt 0.005 s

≔βo =
‾‾‾‾‾‾‾

-―
k
M

θ'o
2 632.456 ―

1
s

≔γo =+⋅g cos ⎛⎝θo⎞⎠ ⋅k ―
lo
M

⎛⎝ ⋅4.001 104 ⎞⎠ ―
m

s2

≔a =sin⎛⎝ ⋅βo to⎞⎠ -0.0207 ≔b =cos⎛⎝ ⋅βo to⎞⎠ -0.9998

≔D
a b
⋅βo b ⋅-βo a

⎡
⎢⎣

⎤
⎥⎦

≔S
-ro ――

γo

βo
2

r'o

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

≔C =⋅D((-1)) S ⋅5.07 10-7

⋅2.451 10-5

⎡
⎢
⎣

⎤
⎥
⎦
m

≔θ''o =⋅――
-1
ro

⎛⎝ +⋅g sin ⎛⎝θo⎞⎠ ⋅⋅2 r'o θ'o⎞⎠ -1.661 ―
1

s2

≔θ'o =+θ'o ⋅θ''o Δt -0.008 ―
1
s

≔θo =++θo ⋅θ'o Δt ⋅⋅―
1
2

θ''o Δt2 0.97 °

≔ro =++⋅C
0
sin ⎛⎝ ⋅βo to⎞⎠ ⋅C

1
cos ⎛⎝ ⋅βo to⎞⎠ ――

γo

βo
2

0.1 m

≔r'o =-⋅⋅βo C
0
cos ⎛⎝ ⋅βo to⎞⎠ ⋅⋅βo C

1
sin ⎛⎝ ⋅βo to⎞⎠ ⋅-5.421 10-20 ―

m
s
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≔to =+to Δt 0.01 s

≔βo =
‾‾‾‾‾‾‾

-―
k
M

θ'o
2 632.4555 ―

1
s

≔γo =+⋅g cos ⎛⎝θo⎞⎠ ⋅k ―
lo
M

⎛⎝ ⋅4.001 104 ⎞⎠ ―
m

s2

≔a =sin⎛⎝ ⋅βo to⎞⎠ 0.041 ≔b =cos⎛⎝ ⋅βo to⎞⎠ 0.999

≔D
a b
⋅βo b ⋅-βo a

⎡
⎢⎣

⎤
⎥⎦

≔S
-ro ――

γo

βo
2

r'o

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

≔C =⋅D((-1)) S - ⋅1.014 10-6

- ⋅2.449 10-5

⎡
⎢
⎣

⎤
⎥
⎦
m

≔θ''o =⋅――
-1
ro

⎛⎝ +⋅g sin ⎛⎝θo⎞⎠ ⋅⋅2 r'o θ'o⎞⎠ -1.651 ―
1

s2

≔θ'o =+θ'o ⋅θ''o Δt -0.017 ―
1
s

≔θo =++θo ⋅θ'o Δt ⋅⋅―
1
2

θ''o Δt2 0.964 °

≔ro =++⋅C
0
sin ⎛⎝ ⋅βo to⎞⎠ ⋅C

1
cos ⎛⎝ ⋅βo to⎞⎠ ――

γo

βo
2

0.1 m

≔r'o =-⋅⋅βo C
0
cos ⎛⎝ ⋅βo to⎞⎠ ⋅⋅βo C

1
sin ⎛⎝ ⋅βo to⎞⎠ 0 ―

m
s
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≔to =+to Δt 0.015 s

≔θ'o =+θ'o ⋅θ''o Δt -0.025 ―
1
s

≔θo =++θo ⋅θ'o Δt ⋅⋅―
1
2

θ''o Δt2 0.956 °

≔βo =
‾‾‾‾‾‾‾

-―
k
M

θ'o
2 632.4555 ―

1
s

≔γo =+⋅g cos ⎛⎝θo⎞⎠ ⋅k ―
lo
M

⎛⎝ ⋅4.001 104 ⎞⎠ ―
m

s2

≔a =sin⎛⎝ ⋅βo to⎞⎠ -0.062 ≔b =cos⎛⎝ ⋅βo to⎞⎠ -0.998

≔D
a b
⋅βo b ⋅-βo a

⎡
⎢⎣

⎤
⎥⎦

≔S
-ro ――

γo

βo
2

r'o

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

≔C =⋅D((-1)) S ⋅1.52 10-6

⋅2.447 10-5

⎡
⎢
⎣

⎤
⎥
⎦
m

≔θ''o =⋅――
-1
ro

⎛⎝ +⋅g sin ⎛⎝θo⎞⎠ ⋅⋅2 r'o θ'o⎞⎠ -1.636 ―
1

s2

≔ro =++⋅C
0
sin ⎛⎝ ⋅βo to⎞⎠ ⋅C

1
cos ⎛⎝ ⋅βo to⎞⎠ ――

γo

βo
2

0.1 m

≔r'o =-⋅⋅βo C
0
cos ⎛⎝ ⋅βo to⎞⎠ ⋅⋅βo C

1
sin ⎛⎝ ⋅βo to⎞⎠ ⋅-1.084 10-19 ―

m
s



Created with PTC M
athcad Express. See www.m

athcad.com
 for m

ore inform
ation.

≔to =+to Δt 0.02 s

≔θ'o =+θ'o ⋅θ''o Δt -0.033 ―
1
s

≔θo =++θo ⋅θ'o Δt ⋅⋅―
1
2

θ''o Δt2 0.946 °

≔βo =
‾‾‾‾‾‾‾

-―
k
M

θ'o
2 632.4555 ―

1
s

≔γo =+⋅g cos ⎛⎝θo⎞⎠ ⋅k ―
lo
M

⎛⎝ ⋅4.001 104 ⎞⎠ ―
m

s2

≔a =sin⎛⎝ ⋅βo to⎞⎠ 0.083 ≔b =cos⎛⎝ ⋅βo to⎞⎠ 0.997

≔D
a b
⋅βo b ⋅-βo a

⎡
⎢⎣

⎤
⎥⎦

≔S
-ro ――

γo

βo
2

r'o

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

≔C =⋅D((-1)) S - ⋅2.026 10-6

- ⋅2.443 10-5

⎡
⎢
⎣

⎤
⎥
⎦
m

≔θ''o =⋅――
-1
ro

⎛⎝ +⋅g sin ⎛⎝θo⎞⎠ ⋅⋅2 r'o θ'o⎞⎠ -1.618 ―
1

s2

≔ro =++⋅C
0
sin ⎛⎝ ⋅βo to⎞⎠ ⋅C

1
cos ⎛⎝ ⋅βo to⎞⎠ ――

γo

βo
2

0.1 m

≔r'o =-⋅⋅βo C
0
cos ⎛⎝ ⋅βo to⎞⎠ ⋅⋅βo C

1
sin ⎛⎝ ⋅βo to⎞⎠ ⋅-2.168 10-19 ―

m
s
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≔to =+to Δt 0.025 s

≔θ'o =+θ'o ⋅θ''o Δt -0.041 ―
1
s

≔θo =++θo ⋅θ'o Δt ⋅⋅―
1
2

θ''o Δt2 0.933 °

≔βo =
‾‾‾‾‾‾‾

-―
k
M

θ'o
2 632.4555 ―

1
s

≔γo =+⋅g cos ⎛⎝θo⎞⎠ ⋅k ―
lo
M

⎛⎝ ⋅4.001 104 ⎞⎠ ―
m

s2

≔a =sin⎛⎝ ⋅βo to⎞⎠ -0.103 ≔b =cos⎛⎝ ⋅βo to⎞⎠ -0.995

≔D
a b
⋅βo b ⋅-βo a

⎡
⎢⎣

⎤
⎥⎦

≔S
-ro ――

γo

βo
2

r'o

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

≔C =⋅D((-1)) S ⋅2.531 10-6

⋅2.438 10-5

⎡
⎢
⎣

⎤
⎥
⎦
m

≔θ''o =⋅――
-1
ro

⎛⎝ +⋅g sin ⎛⎝θo⎞⎠ ⋅⋅2 r'o θ'o⎞⎠ -1.596 ―
1

s2

≔ro =++⋅C
0
sin ⎛⎝ ⋅βo to⎞⎠ ⋅C

1
cos ⎛⎝ ⋅βo to⎞⎠ ――

γo

βo
2

0.1 m

≔r'o =-⋅⋅βo C
0
cos ⎛⎝ ⋅βo to⎞⎠ ⋅⋅βo C

1
sin ⎛⎝ ⋅βo to⎞⎠ 0 ―

m
s
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≔to =+to Δt 0.03 s

≔θ'o =+θ'o ⋅θ''o Δt -0.049 ―
1
s

≔θo =++θo ⋅θ'o Δt ⋅⋅―
1
2

θ''o Δt2 0.917 °

≔βo =
‾‾‾‾‾‾‾

-―
k
M

θ'o
2 632.4555 ―

1
s

≔γo =+⋅g cos ⎛⎝θo⎞⎠ ⋅k ―
lo
M

⎛⎝ ⋅4.001 104 ⎞⎠ ―
m

s2

≔a =sin⎛⎝ ⋅βo to⎞⎠ 0.124 ≔b =cos⎛⎝ ⋅βo to⎞⎠ 0.992

≔D
a b
⋅βo b ⋅-βo a

⎡
⎢⎣

⎤
⎥⎦

≔S
-ro ――

γo

βo
2

r'o

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

≔C =⋅D((-1)) S - ⋅3.035 10-6

- ⋅2.433 10-5

⎡
⎢
⎣

⎤
⎥
⎦
m

≔θ''o =⋅――
-1
ro

⎛⎝ +⋅g sin ⎛⎝θo⎞⎠ ⋅⋅2 r'o θ'o⎞⎠ -1.57 ―
1

s2

≔ro =++⋅C
0
sin ⎛⎝ ⋅βo to⎞⎠ ⋅C

1
cos ⎛⎝ ⋅βo to⎞⎠ ――

γo

βo
2

0.1 m

≔r'o =-⋅⋅βo C
0
cos ⎛⎝ ⋅βo to⎞⎠ ⋅⋅βo C

1
sin ⎛⎝ ⋅βo to⎞⎠ ⎛⎝ ⋅2.168 10-19⎞⎠ ―

m
s
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≔to =+to Δt 0.035 s

≔θ'o =+θ'o ⋅θ''o Δt -0.057 ―
1
s

≔θo =++θo ⋅θ'o Δt ⋅⋅―
1
2

θ''o Δt2 0.9 °

≔βo =
‾‾‾‾‾‾‾

-―
k
M

θ'o
2 632.4555 ―

1
s

≔γo =+⋅g cos ⎛⎝θo⎞⎠ ⋅k ―
lo
M

⎛⎝ ⋅4.001 104 ⎞⎠ ―
m

s2

≔a =sin⎛⎝ ⋅βo to⎞⎠ -0.144 ≔b =cos⎛⎝ ⋅βo to⎞⎠ -0.99

≔D
a b
⋅βo b ⋅-βo a

⎡
⎢⎣

⎤
⎥⎦

≔S
-ro ――

γo

βo
2

r'o

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

≔C =⋅D((-1)) S ⋅3.537 10-6

⋅2.426 10-5

⎡
⎢
⎣

⎤
⎥
⎦
m

≔θ''o =⋅――
-1
ro

⎛⎝ +⋅g sin ⎛⎝θo⎞⎠ ⋅⋅2 r'o θ'o⎞⎠ -1.54 ―
1

s2

≔ro =++⋅C
0
sin ⎛⎝ ⋅βo to⎞⎠ ⋅C

1
cos ⎛⎝ ⋅βo to⎞⎠ ――

γo

βo
2

0.1 m

≔r'o =-⋅⋅βo C
0
cos ⎛⎝ ⋅βo to⎞⎠ ⋅⋅βo C

1
sin ⎛⎝ ⋅βo to⎞⎠ ⎛⎝ ⋅4.337 10-19⎞⎠ ―

m
s
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≔to =+to Δt 0.04 s

≔θ'o =+θ'o ⋅θ''o Δt -0.065 ―
1
s

≔θo =++θo ⋅θ'o Δt ⋅⋅―
1
2

θ''o Δt2 0.88 °

≔βo =
‾‾‾‾‾‾‾

-―
k
M

θ'o
2 632.4555 ―

1
s

≔γo =+⋅g cos ⎛⎝θo⎞⎠ ⋅k ―
lo
M

⎛⎝ ⋅4.001 104 ⎞⎠ ―
m

s2

≔a =sin⎛⎝ ⋅βo to⎞⎠ 0.165 ≔b =cos⎛⎝ ⋅βo to⎞⎠ 0.986

≔D
a b
⋅βo b ⋅-βo a

⎡
⎢⎣

⎤
⎥⎦

≔S
-ro ――

γo

βo
2

r'o

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

≔C =⋅D((-1)) S - ⋅4.038 10-6

- ⋅2.418 10-5

⎡
⎢
⎣

⎤
⎥
⎦
m

≔θ''o =⋅――
-1
ro

⎛⎝ +⋅g sin ⎛⎝θo⎞⎠ ⋅⋅2 r'o θ'o⎞⎠ -1.507 ―
1

s2

≔ro =++⋅C
0
sin ⎛⎝ ⋅βo to⎞⎠ ⋅C

1
cos ⎛⎝ ⋅βo to⎞⎠ ――

γo

βo
2

0.1 m

≔r'o =-⋅⋅βo C
0
cos ⎛⎝ ⋅βo to⎞⎠ ⋅⋅βo C

1
sin ⎛⎝ ⋅βo to⎞⎠ ⎛⎝ ⋅4.337 10-19⎞⎠ ―

m
s


