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Esercizio

Una pallina di massa m = 2 kg è attaccata all’estremo destro di una molla. L’estremo sinistro della
molla è fissato ad una parete, alla cui base è posta l’origine dell’asse x. La pallina viene tirata verso
destra, allungando la molla fino alla posizione x0 = 3 m. All’istante t = 0 la pallina viene rilasciata,
e si osserva che essa si muove di moto armonico oscillando attorno alla posizione l0 = 2 m di riposo
della molla, con periodo T = 4 s.

1. determinare la legge oraria x(t) della pallina e della sua velocità v(t);

2. calcolare l’andamento temporale della quantità EK(t) = 1
2mv

2(t) (detta energia cinetica);

3. calcolare l’andamento nel tempo della quantità EP (t) = 1
2mω

2(x(t)− l0)2 (detta energia poten-
ziale);

4. mostrare che la somma di EK ed EP è costante nel tempo

x

m
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SOLUZIONE

DATI INIZIALI

x(t = 0 s) = x0 = 0.3 m
v(t = 0 s) = 0
l0 = 1 m
T = 4 s

1. Il centro di oscillazione corrisponde al punto di lunghezza a riposo della molla. La legge oraria
di un moto armonico attorno al centro di oscillazione l0 si può scrivere

x(t) = xc︸︷︷︸
=l0

+A sin(ωt+ ϕ) (1)

e la legge oraria della velocità di ottiene prendendone la derivata rispetto al tempo

v(t) =
dx

dt
= Aω cos(ωt+ ϕ) (2)

• La pulsazione ω è legata al periodo di oscillazione tramite la relazione

ω =
2π

T
=

2π

4 s
=
π

2
s−1 (3)

• Le costanti A e ϕ in (1) e (2) devono essere determinate sfruttando le due informazioni che
il testo ci dà sulla posizione e velocità iniziali. Sostituendo l’istante t = 0 nella (1) e (2)
otteniamo 

x(0) = l0 +A sinϕ = x0

v(0) = Aω cosϕ = 0
(4)

– Dalla seconda relazione otteniamo

cosϕ = 0 ⇒ ϕ =
π

2
(5)

– Sostituendo ϕ = π/2 nella prima equazione otteniamo

A = x0 − l0 (6)

Sostituendo i valori di A e di ϕ nelle leggi orarie (1) e (2) otteniamo

x(t) = l0 + (x0 − l0) sin(ωt+ π
2 )

v(t) = (x0 − l0)ω cos(ωt+ π
2 )

(7)

ossia 
x(t) = l0 + (x0 − l0) cos(ωt)

v(t) = −(x0 − l0)ω sin(ωt)
(8)

dove x0 e l0 sono noti.
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2. Possiamo ora facilmente calcolare l’andamento temporale dell’energia cinetica

EK(t) =
1

2
mv2(t) =

[uso la seconda Eq.(8)]

=
1

2
m(x0 − l0)2ω2 sin2(ωt) (9)

che ha un periodo T ′ = π
ω = T/2. Il suo grafico è rappresentato dalla curva blu in Fig.1.

3. Analogamente possiamo calcolare l’andamento temporale dell’energia potenziale

EP (t) =
1

2
mω2(x(t)− l0)2 =

[uso la prima Eq.(8)]

=
1

2
m(x0 − l0)2ω2 cos2(ωt) (10)

Anch’essa ha un periodo T ′ = π
ω = T/2. Il grafico di EP è rappresentato dalla curva rossa in

Fig.1.

t
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<latexit sha1_base64="HXosmkf6tsfdmsntaiYv5XAySJI=">AAAB6HicbZDLSgMxFIbPeK31VnXpJlgEV2VGBN1ZcOOyhd6gHUomPdPGZjJDkhHK0Cdw40KR7sS38DXc+Taml4W2/hD4+P9zyDknSATXxnW/nbX1jc2t7dxOfndv/+CwcHTc0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8Hwbpo3H1FpHsuaGSXoR7QvecgZNdaq1rqFoltyZyKr4C2gePs5mbwDQKVb+Or0YpZGKA0TVOu25ybGz6gynAkc5zupxoSyIe1j26KkEWo/mw06JufW6ZEwVvZJQ2bu746MRlqPosBWRtQM9HI2Nf/L2qkJb/yMyyQ1KNn8ozAVxMRkujXpcYXMiJEFyhS3sxI2oIoyY2+Tt0fwlldehcZlyXNLXtUtlq9grhycwhlcgAfXUIZ7qEAdGCA8wQu8Og/Os/PmTOala86i5wT+yPn4AW7Rj5A=</latexit><latexit sha1_base64="urh4Anz63o8Fxm6LqKryzBmiwoI=">AAAB6HicbZDLSgMxFIbPeK31VnXpJlgEV2VGBN1ZcOOyhd6gLSWTnmljM5khyQhl6BO4caFIXfoWvoY738ZM24W2/hD4+P9zyDnHjwXXxnW/nbX1jc2t7dxOfndv/+CwcHTc0FGiGNZZJCLV8qlGwSXWDTcCW7FCGvoCm/7oLsubj6g0j2TNjGPshnQgecAZNdaq1nqFoltyZyKr4C2gePs5zfRe6RW+Ov2IJSFKwwTVuu25semmVBnOBE7ynURjTNmIDrBtUdIQdTedDToh59bpkyBS9klDZu7vjpSGWo9D31aG1Az1cpaZ/2XtxAQ33ZTLODEo2fyjIBHERCTbmvS5QmbE2AJlittZCRtSRZmxt8nbI3jLK69C47LkuSWv6hbLVzBXDk7hDC7Ag2sowz1UoA4MEJ7gBV6dB+fZeXOm89I1Z9FzAn/kfPwAzA6RVQ==</latexit><latexit sha1_base64="urh4Anz63o8Fxm6LqKryzBmiwoI=">AAAB6HicbZDLSgMxFIbPeK31VnXpJlgEV2VGBN1ZcOOyhd6gLSWTnmljM5khyQhl6BO4caFIXfoWvoY738ZM24W2/hD4+P9zyDnHjwXXxnW/nbX1jc2t7dxOfndv/+CwcHTc0FGiGNZZJCLV8qlGwSXWDTcCW7FCGvoCm/7oLsubj6g0j2TNjGPshnQgecAZNdaq1nqFoltyZyKr4C2gePs5zfRe6RW+Ov2IJSFKwwTVuu25semmVBnOBE7ynURjTNmIDrBtUdIQdTedDToh59bpkyBS9klDZu7vjpSGWo9D31aG1Az1cpaZ/2XtxAQ33ZTLODEo2fyjIBHERCTbmvS5QmbE2AJlittZCRtSRZmxt8nbI3jLK69C47LkuSWv6hbLVzBXDk7hDC7Ag2sowz1UoA4MEJ7gBV6dB+fZeXOm89I1Z9FzAn/kfPwAzA6RVQ==</latexit>

EK
<latexit sha1_base64="+QJU4Yiu95WU6lsxHHiRidF4FrI=">AAAB6nicbVDLSgNBEOyNrxiNiXr0MhgET2HXizkGRBC8RDQPSJYwO+lNhszOLjOzQljyCV48KOLVL/ETvPk3ThIRTSxoKKq66e4KEsG1cd1PJ7e2vrG5ld8u7OwW90rl/YOWjlPFsMliEatOQDUKLrFpuBHYSRTSKBDYDsYXM799j0rzWN6ZSYJ+RIeSh5xRY6Xby/51v1xxq+4c5Id4y6RSL76nBAAa/fJHbxCzNEJpmKBadz03MX5GleFM4LTQSzUmlI3pELuWShqh9rP5qVNyYpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTVjzMy6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2BDWHl5lbTOqp5b9W5sGjVYIA9HcAyn4ME51OEKGtAEBkN4gCd4doTz6Lw4r4vWnPM9cwh/4Lx9ARowjx4=</latexit><latexit sha1_base64="KqS6Vk2J4IyYyyjQEwawRpj4jTs=">AAAB6nicbVBNSwMxEJ2tX3W1WvXoJVgKnsquF3ssiCJ4qWg/oF1KNs22odlkSbJCWfoTvHhQxKv4Q/wJ3vw3pq2Itj4YeLw3w8y8MOFMG8/7dHIrq2vrG/lNd2u7sLNb3NtvapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWjs6nfuqNKMyluzTihQYwHgkWMYGOlm/PeVa9Y8ireDOiH+IukVCu8p+UL963eK350+5KkMRWGcKx1x/cSE2RYGUY4nbjdVNMEkxEe0I6lAsdUB9ns1AkqW6WPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpiapBxkSSGirIfFGUcmQkmv6N+kxRYvjYEkwUs7ciMsQKE2PTcW0ISy8vk+ZJxfcq/rVNowpz5OEQjuAYfDiFGlxCHRpAYAD38AhPDncenGfnZd6ac75nDuAPnNcvaTuQGQ==</latexit><latexit sha1_base64="KqS6Vk2J4IyYyyjQEwawRpj4jTs=">AAAB6nicbVBNSwMxEJ2tX3W1WvXoJVgKnsquF3ssiCJ4qWg/oF1KNs22odlkSbJCWfoTvHhQxKv4Q/wJ3vw3pq2Itj4YeLw3w8y8MOFMG8/7dHIrq2vrG/lNd2u7sLNb3NtvapkqQhtEcqnaIdaUM0EbhhlO24miOA45bYWjs6nfuqNKMyluzTihQYwHgkWMYGOlm/PeVa9Y8ireDOiH+IukVCu8p+UL963eK350+5KkMRWGcKx1x/cSE2RYGUY4nbjdVNMEkxEe0I6lAsdUB9ns1AkqW6WPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpiapBxkSSGirIfFGUcmQkmv6N+kxRYvjYEkwUs7ciMsQKE2PTcW0ISy8vk+ZJxfcq/rVNowpz5OEQjuAYfDiFGlxCHRpAYAD38AhPDncenGfnZd6ac75nDuAPnNcvaTuQGQ==</latexit>

EP
<latexit sha1_base64="JRWeGvBIjejL9kgv9YGV+e6xCu0=">AAAB6nicdVDLSgMxFL1TX7Varbp0EyyCqzLjxi4LIrisaB/QDiWT3mlDM5khyQhl6Ce4caGIW7/ET3Dn35h2FOrrQOBwzrncmxMkgmvjuu9OYWV1bX2juFna2i7v7Fb29ts6ThXDFotFrLoB1Si4xJbhRmA3UUijQGAnmJzP/c4tKs1jeWOmCfoRHUkeckaNla4vBs1BperV3AWI+4t8WdVG+TUlAGDzb/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFqfOyLFVhiSMlX3SkIW6PJHRSOtpFNhkRM1Y//Tm4l9eLzVh3c+4TFKDkuWLwlQQE5P5v8mQK2RGTC2hTHF7K2Fjqigztp3Scgn/k/ZpzXNr3pVtow45inAIR3ACHpxBAy6hCS1gMII7eIBHRzj3zpPznEcLzufMAXyD8/IBIdaPIw==</latexit><latexit sha1_base64="8RnENeuApusP72tk1qzetgae7Ho=">AAAB6nicdVDLSgMxFL3js45Wqy7dBEvBVZlxY5cFUVxWtA9oh5JJM21oJjMkd4RS+gluXCjiVvwQP8Gdf2PaKtTXgcDhnHO5NydMpTDoee/O0vLK6tp6bsPd3Mpv7xR29xomyTTjdZbIRLdCargUitdRoOStVHMah5I3w+Hp1G/ecG1Eoq5xlPIgpn0lIsEoWunqrFvrFop+2ZuBeL/Il1Ws5l+z0rn7YvNvnV7CspgrZJIa0/a9FIMx1SiY5BO3kxmeUjakfd62VNGYm2A8O3VCSlbpkSjR9ikkM3VxYkxjY0ZxaJMxxYH56U3Fv7x2hlElGAuVZsgVmy+KMkkwIdN/k57QnKEcWUKZFvZWwgZUU4a2HXexhP9J47jse2X/0rZRgTlycACHcAQ+nEAVLqAGdWDQh1u4hwdHOnfOo/M0jy45nzP78A3O8wdw4ZAe</latexit><latexit sha1_base64="8RnENeuApusP72tk1qzetgae7Ho=">AAAB6nicdVDLSgMxFL3js45Wqy7dBEvBVZlxY5cFUVxWtA9oh5JJM21oJjMkd4RS+gluXCjiVvwQP8Gdf2PaKtTXgcDhnHO5NydMpTDoee/O0vLK6tp6bsPd3Mpv7xR29xomyTTjdZbIRLdCargUitdRoOStVHMah5I3w+Hp1G/ecG1Eoq5xlPIgpn0lIsEoWunqrFvrFop+2ZuBeL/Il1Ws5l+z0rn7YvNvnV7CspgrZJIa0/a9FIMx1SiY5BO3kxmeUjakfd62VNGYm2A8O3VCSlbpkSjR9ikkM3VxYkxjY0ZxaJMxxYH56U3Fv7x2hlElGAuVZsgVmy+KMkkwIdN/k57QnKEcWUKZFvZWwgZUU4a2HXexhP9J47jse2X/0rZRgTlycACHcAQ+nEAVLqAGdWDQh1u4hwdHOnfOo/M0jy45nzP78A3O8wdw4ZAe</latexit>

EK + EP
<latexit sha1_base64="wPqXat0y0M2na5qF5MIRcJHN4sU=">AAAB7nicbVDLSgMxFL1TX7Varbp0EyyCIJQZN3ZZkILgpoJ9QDuUTHqnDc1khiQjlKEf4caFIm79Dj/BnX9j+lho64HA4Zxzyb0nSATXxnW/ndzG5tb2Tn63sLdfPDgsHR23dJwqhk0Wi1h1AqpRcIlNw43ATqKQRoHAdjC+mfntR1Sax/LBTBL0IzqUPOSMGiu16/27y3q/0S+V3Yo7B1kn3pKUa8XPlACAzX/1BjFLI5SGCap113MT42dUGc4ETgu9VGNC2ZgOsWuppBFqP5uvOyXnVhmQMFb2SUPm6u+JjEZaT6LAJiNqRnrVm4n/ed3UhFU/4zJJDUq2+ChMBTExmd1OBlwhM2JiCWWK210JG1FFmbENFWwJ3urJ66R1VfHcindv26jCAnk4hTO4AA+uoQa30IAmMBjDE7zAq5M4z86b876I5pzlzAn8gfPxA2SukGQ=</latexit><latexit sha1_base64="3mtWHKFMw7LcmzAcaXfEavH32z4=">AAAB7nicbVDLSgMxFL1TX3W0WnXpJlgKglBm3NhlQSqCmwq2FdqhZNJMG5rJDHkIZehHuHGhiDvxO/wEd/6N6WOhrQcCh3POJfeeMOVMac/7dnJr6xubW/ltd2e3sLdfPDhsqcRIQpsk4Ym8D7GinAna1Exzep9KiuOQ03Y4upz67QcqFUvEnR6nNIjxQLCIEayt1K73bs7qvUavWPIq3gxolfgLUqoVPk35yn23+a9uPyEmpkITjpXq+F6qgwxLzQinE7drFE0xGeEB7VgqcExVkM3WnaCyVfooSqR9QqOZ+nsiw7FS4zi0yRjroVr2puJ/XsfoqBpkTKRGU0HmH0WGI52g6e2ozyQlmo8twUQyuysiQywx0bYh15bgL5+8SlrnFd+r+Le2jSrMkYdjOIFT8OECanANDWgCgRE8wjO8OKnz5Lw6b/NozlnMHMEfOB8/s7mRXw==</latexit><latexit sha1_base64="3mtWHKFMw7LcmzAcaXfEavH32z4=">AAAB7nicbVDLSgMxFL1TX3W0WnXpJlgKglBm3NhlQSqCmwq2FdqhZNJMG5rJDHkIZehHuHGhiDvxO/wEd/6N6WOhrQcCh3POJfeeMOVMac/7dnJr6xubW/ltd2e3sLdfPDhsqcRIQpsk4Ym8D7GinAna1Exzep9KiuOQ03Y4upz67QcqFUvEnR6nNIjxQLCIEayt1K73bs7qvUavWPIq3gxolfgLUqoVPk35yn23+a9uPyEmpkITjpXq+F6qgwxLzQinE7drFE0xGeEB7VgqcExVkM3WnaCyVfooSqR9QqOZ+nsiw7FS4zi0yRjroVr2puJ/XsfoqBpkTKRGU0HmH0WGI52g6e2ozyQlmo8twUQyuysiQywx0bYh15bgL5+8SlrnFd+r+Le2jSrMkYdjOIFT8OECanANDWgCgRE8wjO8OKnz5Lw6b/NozlnMHMEfOB8/s7mRXw==</latexit>

T

4
<latexit sha1_base64="i9JMe9vaXfPPb5yCU7l8CsRhW6M=">AAAB8nicbVDJSgNBEK1xjXGLevTSGARBCDMS0GPAi8cI2SAZQk+nJ2nS0zN01whhmM/w4sGFXP0ab/6NneWgiQ8KHu9VUVUvSKQw6Lrfzsbm1vbObmGvuH9weHRcOjltmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7G9zO//cS1EbFq4CThfkSHSoSCUbRStxdqyrJGnlXzfqnsVtw5yDrxlqRcu5623gGg3i999QYxSyOukElqTNdzE/QzqlEwyfNiLzU8oWxMh7xrqaIRN342Pzknl1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9Wbif143xfDOz4RKUuSKLRaFqSQYk9n/ZCA0ZygnllCmhb2VsBG1KaBNqWhD8FZfXietm4rnVrxHm0YVFijAOVzAFXhwCzV4gDo0gUEMz/AKbw46L86HM120bjjLmTP4A+fzByUWk0o=</latexit><latexit sha1_base64="gzEZfL9Q0psOokCkNgLSnc95mPM=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoMgCGFXA3oMePEYIS/YLGF2MpsMmZ1ZZnqFsOQHvOvBgyK5+jXe/AD/w8njoIkFDUVVN91dYSK4Adf9cnJr6xubW/ntws7u3v5B8fCoaVSqKWtQJZRuh8QwwSVrAAfB2olmJA4Fa4XD26nfemDacCXrMEpYEJO+5BGnBKzkdyJNaFYfZ5Vxt1hyy+4MeJV4C1KqXkyaz9+PV7Vu8bPTUzSNmQQqiDG+5yYQZEQDp4KNC53UsITQIekz31JJYmaCbHbyGJ9ZpYcjpW1JwDP190RGYmNGcWg7YwIDs+xNxf88P4XoJsi4TFJgks4XRanAoPD0f9zjmlEQI0sI1dzeiumA2BTAplSwIXjLL6+S5mXZc8vevU2jgubIoxN0is6Rh65RFd2hGmogihR6Qq/ozQHnxXl3JvPWnLOYOUZ/4Hz8AEbilOI=</latexit><latexit sha1_base64="gzEZfL9Q0psOokCkNgLSnc95mPM=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoMgCGFXA3oMePEYIS/YLGF2MpsMmZ1ZZnqFsOQHvOvBgyK5+jXe/AD/w8njoIkFDUVVN91dYSK4Adf9cnJr6xubW/ntws7u3v5B8fCoaVSqKWtQJZRuh8QwwSVrAAfB2olmJA4Fa4XD26nfemDacCXrMEpYEJO+5BGnBKzkdyJNaFYfZ5Vxt1hyy+4MeJV4C1KqXkyaz9+PV7Vu8bPTUzSNmQQqiDG+5yYQZEQDp4KNC53UsITQIekz31JJYmaCbHbyGJ9ZpYcjpW1JwDP190RGYmNGcWg7YwIDs+xNxf88P4XoJsi4TFJgks4XRanAoPD0f9zjmlEQI0sI1dzeiumA2BTAplSwIXjLL6+S5mXZc8vevU2jgubIoxN0is6Rh65RFd2hGmogihR6Qq/ozQHnxXl3JvPWnLOYOUZ/4Hz8AEbilOI=</latexit>

3T

4
<latexit sha1_base64="W/nIqu/YeHLE7AfwqODLeucBjXs=">AAAB83icbVDLSgNBEOyJrxhfUY9eBoMgCGFXA3oMePEYIS/ILmF2MpsMmZ1dZmaFsOxvePFgUK/+jDf/xsnjoIkFDUVVN91dQSK4No7zjQobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVNyCaCS5Zy3AjWDdRjESBYJ1gfD/zO09MaR7LppkkzI/IUPKQU2Ks5HmhIjS7aeZZLe+XK07VmQOvE3dJKvWr9/YUABr98pc3iGkaMWmoIFr3XCcxfkaU4VSwvOSlmiWEjsmQ9SyVJGLaz+Y35/jCKgMcxsqWNHiu/p7ISKT1JApsZ0TMSK96M/E/r5ea8M7PuExSwyRdLApTgU2MZwHgAVeMGjGxhFDF7a2YjoiNwdiYSjYEd/XlddK+rrpO1X20adRggSKcwTlcggu3UIcHaEALKCTwDK8wRSl6QW/oY9FaQMuZU/gD9PkDmsyThw==</latexit><latexit sha1_base64="vTik2CaVBErDbcBTtUJU5PbD0z4=">AAAB83icbVDLSsNAFL2pr1ofrbp0M1gEQSiJLeiy4MZlhb6gCWUynbRDJ5MwMxFKyA/4Ad24UNStP+POD/A/nD4W2nrgwuGce7n3Hj/mTGnb/rJyG5tb2zv53cLe/sFhsXR03FZRIgltkYhHsutjRTkTtKWZ5rQbS4pDn9OOP76d+Z0HKhWLRFNPYuqFeChYwAjWRnLdQGKSVptZWsv6pbJdsedA68RZknL98q09/X6sNvqlT3cQkSSkQhOOleo5dqy9FEvNCKdZwU0UjTEZ4yHtGSpwSJWXzm/O0LlRBiiIpCmh0Vz9PZHiUKlJ6JvOEOuRWvVm4n9eL9HBjZcyESeaCrJYFCQc6QjNAkADJinRfGIIJpKZWxEZYRODNjEVTAjO6svrpH1VceyKc2/SqMECeTiFM7gAB66hDnfQgBYQiGEKz/BiJdaT9Wq9L1pz1nLmBP7A+vgBvJiVHw==</latexit><latexit sha1_base64="vTik2CaVBErDbcBTtUJU5PbD0z4=">AAAB83icbVDLSsNAFL2pr1ofrbp0M1gEQSiJLeiy4MZlhb6gCWUynbRDJ5MwMxFKyA/4Ad24UNStP+POD/A/nD4W2nrgwuGce7n3Hj/mTGnb/rJyG5tb2zv53cLe/sFhsXR03FZRIgltkYhHsutjRTkTtKWZ5rQbS4pDn9OOP76d+Z0HKhWLRFNPYuqFeChYwAjWRnLdQGKSVptZWsv6pbJdsedA68RZknL98q09/X6sNvqlT3cQkSSkQhOOleo5dqy9FEvNCKdZwU0UjTEZ4yHtGSpwSJWXzm/O0LlRBiiIpCmh0Vz9PZHiUKlJ6JvOEOuRWvVm4n9eL9HBjZcyESeaCrJYFCQc6QjNAkADJinRfGIIJpKZWxEZYRODNjEVTAjO6svrpH1VceyKc2/SqMECeTiFM7gAB66hDnfQgBYQiGEKz/BiJdaT9Wq9L1pz1nLmBP7A+vgBvJiVHw==</latexit>

Figure 1:

4. Calcoliamo ora la somma dell’energia cinetica e dell’energia potenziale

Etot(t) = EK(t) + EP (t) =

=
1

2
m(x0 − l0)2ω2 sin2(ωt) +

1

2
m(x0 − l0)2ω2 cos2(ωt) =

=
1

2
m(x0 − l0)2ω2

(
sin2(ωt) + cos2(ωt)

)︸ ︷︷ ︸
=1

(11)

ossia

Etot(t) ≡
1

2
m(x0 − l0)2ω2 = const (12)

Pertanto, mentre ciascuna delle due energie varia nel tempo (curve blu e rossa in Fig.1), la loro
somma (curva nera in Fig.1) si mantiene costante nel tempo: se una cresce l’altra diminuisce e
viceversa.
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