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Esercizio
Una particella si muove con velocità angolare costante ω lungo una circonferenza di raggio R = 10 cm,
in senso antiorario, sul piano xy. Quando la particella si trova in corrispondenza dell’angolo θ0 = 60o,
la componente y della sua velocità vale vy = 0.015 m/s. Determinare:

1. il periodo del moto circolare;

2. la componente vx della velocità alla posizione θ0 = 60o;

3. l’accelerazione quando la particella si trova in θ1 = 150o
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SOLUZIONE:

DATI NOTI
R = 0.1 m;
θ0 = π

3 ;
vy(θ = θ0) = 0.015 m/s;
θ1 = 5π

6 ;

• Dal testo sappiamo che il moto è circolare uniforme con velocità angolare costante ω (ancora
incognita). L’unico istante su cui abbiamo informazioni è l’istante in cui la particella si trova a
θ0 = π/3, e conviene pertanto scegliere tale istante come origine dei tempi t = 0. Con tale scelta
la legge oraria angolare del moto circolare uniforme si scrive

θ(t) = θ0 + ω t (1)

dove appunto θ0 = π/3.

• Ad ogni istante t, le componenti x e y del vettore posizione ~r(t) sono date da{
x(t) = R cos(θ0 + ω t)
y(t) = R sin(θ0 + ω t)

(2)

Osservazione

– le Equazioni (2) mostrano che i moti rettilinei ottenuti proiettando un moto circolare uni-
forme lungo gli assi x e y sono dei moti armonici, con:

-ampiezza data dal raggio R della circonferenza;

-pulsazione data dalla velocità angolare ω (costante) del moto circolare;

-centro di oscillazione nell’origine;

x
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– Notiamo anche che le (2) si possono anche riscrivere{
x(t) = R sin(θ0 + ω t + π

2 )
y(t) = R sin(θ0 + ω t)

(3)

che mostra che i due moti-proiezione sono sfasati di π/2 l’uno rispetto all’altro. Ciò sig-
nifica che, quando la coordinata x raggiunge l’ampiezza massima, la coordinata y è nulla e
viceversa, come mostrato in figura.
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• Prendendo la derivata rispetto al tempo delle leggi orarie (2) della posizione ricaviamo la legge
oraria delle componenti del vettore velocità ~v(t){

vx(t) = −Rω sin(θ0 + ω t)
vy(t) = Rω cos(θ0 + ω t)

(4)

ed infine quelle del vettore accelerazione{
ax(t) = −Rω2 cos(θ0 + ω t)
ay(t) = −Rω2 sin(θ0 + ω t)

(5)

• Dal testo sappiamo che
vy(0) = 0.015 m/s (6)

Pertanto, dalla seconda delle (4) abbiamo

vy(0) = Rω cos θ0

⇓

ω =
vy(0)

R cos θ0
(7)

Sostituendo i valori otteniamo

ω =
0.015 m/

s

0.1 m/ cos
π

3︸ ︷︷ ︸
=1/2

=

= 0.3 s−1 (8)

A questo punto la legge oraria ci è nota e possiamo rispondere alle varie domande:

1. Il periodo del moto circolare uniforme è dato da

T =
2π

ω
=

2π

0.3 1
s

= 20.9 s (9)

2. La componente vx della velocità in corrispondenza dell’angolo θ0 è data dalla prima delle (4)
valutata all’istante t = 0,

vx(0) = −Rω sin θ0 =

= −0.1 m 0.3
1

s

√
3

2
=

= −0.026
m

s
(10)

3. Non conosciamo l’istante t1 a cui la particella raggiunge l’angolo θ1. Potremmo facilmente
trovarlo dalla legge oraria (1)

θ(t1) = θ1

⇓
θ0 + ω t1 = θ1

⇓

t1 =
θ1 − θ0
ω

(11)
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x

y

~v
<latexit sha1_base64="ktNxaAe0R2aOXHBH7vN2cA/TO0w=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgKex6MQfBgBePEcwDkiXMTnqTIbOzy8xsICw5+gFePCji1d/wF7z5Df6Ek0QhvgoaiqpuurqDRHBtXPfNyS0tr6yu5dcLG5tb2zvF3b2GjlPFsM5iEatWQDUKLrFuuBHYShTSKBDYDIYXU785QqV5LK/NOEE/on3JQ86osVKzM0KWjSbdYskruzMQ9xf5skrnL+83BABq3eJrpxezNEJpmKBatz03MX5GleFM4KTQSTUmlA1pH9uWShqh9rNZ3Ak5skqPhLGyJQ2ZqYsTGY20HkeB7YyoGeif3lT8y2unJqz4GZdJalCy+aIwFcTEZHo76XGFzIixJZQpbrMSNqCKMmM/VFh8wv+kcVL23LJ35ZaqZzBHHg7gEI7Bg1OowiXUoA4MhnAL9/DgJM6d8+g8zVtzzufMPnyD8/wBJKGSTw==</latexit><latexit sha1_base64="YHF5lCsHo3O2PpgC2vUDt6/NIFw=">AAAB7nicdVDLSgNBEOz1GeMr6lGQwSB4Crte9CAY8OIxAfOAZAmzk04yZHZ2mZkNhCVHP8CLB0W8+gle/QVvfoN+hJNEIb4KGoqqbrq6g1hwbVz31ZmbX1hcWs6sZFfX1jc2c1vbVR0limGFRSJS9YBqFFxixXAjsB4rpGEgsBb0z8d+bYBK80hemmGMfki7knc4o8ZKteYAWToYtXJ5r+BOQNxf5MvKnz2/Xe09ld9LrdxLsx2xJERpmKBaNzw3Nn5KleFM4CjbTDTGlPVpFxuWShqi9tNJ3BE5sEqbdCJlSxoyUWcnUhpqPQwD2xlS09M/vbH4l9dITOfET7mME4OSTRd1EkFMRMa3kzZXyIwYWkKZ4jYrYT2qKDP2Q9nZJ/xPqkcFzy14ZTdfPIUpMrAL+3AIHhxDES6gBBVg0IdruIU7J3ZunHvnYdo653zO7MA3OI8fvymUQg==</latexit><latexit sha1_base64="YHF5lCsHo3O2PpgC2vUDt6/NIFw=">AAAB7nicdVDLSgNBEOz1GeMr6lGQwSB4Crte9CAY8OIxAfOAZAmzk04yZHZ2mZkNhCVHP8CLB0W8+gle/QVvfoN+hJNEIb4KGoqqbrq6g1hwbVz31ZmbX1hcWs6sZFfX1jc2c1vbVR0limGFRSJS9YBqFFxixXAjsB4rpGEgsBb0z8d+bYBK80hemmGMfki7knc4o8ZKteYAWToYtXJ5r+BOQNxf5MvKnz2/Xe09ld9LrdxLsx2xJERpmKBaNzw3Nn5KleFM4CjbTDTGlPVpFxuWShqi9tNJ3BE5sEqbdCJlSxoyUWcnUhpqPQwD2xlS09M/vbH4l9dITOfET7mME4OSTRd1EkFMRMa3kzZXyIwYWkKZ4jYrYT2qKDP2Q9nZJ/xPqkcFzy14ZTdfPIUpMrAL+3AIHhxDES6gBBVg0IdruIU7J3ZunHvnYdo653zO7MA3OI8fvymUQg==</latexit>

✓1
<latexit sha1_base64="Jo/zuyfoJtZMmLZZ+czR+u46NC0=">AAAB73icbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bjw4jGCeUCyhNlJbzJkdnad6RXCkp/w4kERr36Ef+DJm3/j5HHQxIKGoqqb7q4wlcKQ5307K6tr6xubha3i9s7u3n7p4LBhkkxzrPNEJroVMoNSKKyTIImtVCOLQ4nNcHg98ZsPqI1I1B2NUgxi1lciEpyRlVodGiCxrt8tlb2KN4W7TPw5KVcLnx9gUeuWvjq9hGcxKuKSGdP2vZSCnGkSXOK42MkMpowPWR/blioWowny6b1j99QqPTdKtC1F7lT9PZGz2JhRHNrOmNHALHoT8T+vnVF0FeRCpRmh4rNFUSZdStzJ825PaOQkR5YwroW91eUDphknG1HRhuAvvrxMGucV36v4tzaNC5ihAMdwAmfgwyVU4QZqUAcOEh7hGV6ce+fJeXXeZq0rznzmCP7Aef8BPGORiw==</latexit><latexit sha1_base64="Ru1EMp/J8gCyGDuPll8wjEFEzag=">AAAB73icbVDLSgNBEJz1GeMrxqOXIUHwFHZF0GNADx4jmAckS5id9CZDZmfXmV4hLPkJLx4U8ST4Ef6BJ2/+jZPHQRMLGoqqbrq7gkQKg6777aysrq1vbOa28ts7u3v7hYNiw8Sp5lDnsYx1K2AGpFBQR4ESWokGFgUSmsHwcuI370EbEatbHCXgR6yvRCg4Qyu1OjgAZF2vWyi7FXcKuky8OSlXc58fxau3Uq1b+Or0Yp5GoJBLZkzbcxP0M6ZRcAnjfCc1kDA+ZH1oW6pYBMbPpveO6bFVejSMtS2FdKr+nshYZMwoCmxnxHBgFr2J+J/XTjG88DOhkhRB8dmiMJUUYzp5nvaEBo5yZAnjWthbKR8wzTjaiPI2BG/x5WXSOK14bsW7sWmckRly5IiUyAnxyDmpkmtSI3XCiSQP5Ik8O3fOo/PivM5aV5z5zCH5A+f9B7rMkqk=</latexit><latexit sha1_base64="Ru1EMp/J8gCyGDuPll8wjEFEzag=">AAAB73icbVDLSgNBEJz1GeMrxqOXIUHwFHZF0GNADx4jmAckS5id9CZDZmfXmV4hLPkJLx4U8ST4Ef6BJ2/+jZPHQRMLGoqqbrq7gkQKg6777aysrq1vbOa28ts7u3v7hYNiw8Sp5lDnsYx1K2AGpFBQR4ESWokGFgUSmsHwcuI370EbEatbHCXgR6yvRCg4Qyu1OjgAZF2vWyi7FXcKuky8OSlXc58fxau3Uq1b+Or0Yp5GoJBLZkzbcxP0M6ZRcAnjfCc1kDA+ZH1oW6pYBMbPpveO6bFVejSMtS2FdKr+nshYZMwoCmxnxHBgFr2J+J/XTjG88DOhkhRB8dmiMJUUYzp5nvaEBo5yZAnjWthbKR8wzTjaiPI2BG/x5WXSOK14bsW7sWmckRly5IiUyAnxyDmpkmtSI3XCiSQP5Ik8O3fOo/PivM5aV5z5zCH5A+f9B7rMkqk=</latexit>

~a
<latexit sha1_base64="UBWE5OtLaFf2pf+l1NJJZdBDnKI=">AAAB7nicdZDLSgMxFIbP1Futt6pLN8EiuCozglpXFty4rGIv0A4lk562oZnMkGQKZehDuHGhiFsfwZUP4c63Mb0IVfSHwM/3n0POOUEsuDau++lklpZXVtey67mNza3tnfzuXk1HiWJYZZGIVCOgGgWXWDXcCGzECmkYCKwHg6tJXh+i0jySd2YUox/SnuRdzqixqN4aIkvpuJ0vuEV3KrJgTl3v4swj3pwULt/fbsGq0s5/tDoRS0KUhgmqddNzY+OnVBnOBI5zrURjTNmA9rBpraQhaj+djjsmR5Z0SDdS9klDpnSxI6Wh1qMwsJUhNX39O5vAv7JmYrolP+UyTgxKNvuomwhiIjLZnXS4QmbEyBrKFLezEtanijJjL5SzR/jelPxvaidFzy16N26hXIKZsnAAh3AMHpxDGa6hAlVgMIB7eIQnJ3YenGfnZVaaceY9+/BDzusXaEmRwg==</latexit><latexit sha1_base64="D7TBh6aNHfy7ievn4relRHzjsI0=">AAAB7nicdZDLSgMxFIbP1Futt6pLQYJFcFUyglpXFty4bMFeoB1KJk3b0ExmSDKFMnTpA7hxoYhbH6ErH8Kdz+BLmF6EKvpD4Of7zyHnHD8SXBuMP5zU0vLK6lp6PbOxubW9k93dq+owVpRVaChCVfeJZoJLVjHcCFaPFCOBL1jN719P8tqAKc1DeWuGEfMC0pW8wykxFtWaA0YTMmplcziPp0IL5gy7l+cucuckd/U2Ln/eHY5Lrex7sx3SOGDSUEG0brg4Ml5ClOFUsFGmGWsWEdonXdawVpKAaS+ZjjtCx5a0USdU9kmDpnSxIyGB1sPAt5UBMT39O5vAv7JGbDoFL+Eyig2TdPZRJxbIhGiyO2pzxagRQ2sIVdzOimiPKEKNvVDGHuF7U/S/qZ7mXZx3yzhXLMBMaTiAIzgBFy6gCDdQggpQ6MM9PMKTEzkPzrPzMitNOfOeffgh5/ULckSUBw==</latexit><latexit sha1_base64="D7TBh6aNHfy7ievn4relRHzjsI0=">AAAB7nicdZDLSgMxFIbP1Futt6pLQYJFcFUyglpXFty4bMFeoB1KJk3b0ExmSDKFMnTpA7hxoYhbH6ErH8Kdz+BLmF6EKvpD4Of7zyHnHD8SXBuMP5zU0vLK6lp6PbOxubW9k93dq+owVpRVaChCVfeJZoJLVjHcCFaPFCOBL1jN719P8tqAKc1DeWuGEfMC0pW8wykxFtWaA0YTMmplcziPp0IL5gy7l+cucuckd/U2Ln/eHY5Lrex7sx3SOGDSUEG0brg4Ml5ClOFUsFGmGWsWEdonXdawVpKAaS+ZjjtCx5a0USdU9kmDpnSxIyGB1sPAt5UBMT39O5vAv7JGbDoFL+Eyig2TdPZRJxbIhGiyO2pzxagRQ2sIVdzOimiPKEKNvVDGHuF7U/S/qZ7mXZx3yzhXLMBMaTiAIzgBFy6gCDdQggpQ6MM9PMKTEzkPzrPzMitNOfOeffgh5/ULckSUBw==</latexit>

ûx
<latexit sha1_base64="LTGIpprVl536ZOnpfZVikY4v0M4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzEOSEGYns8mQmdllplcMS77CiwdFvPoP/oEnb/6Nk8dBEwsaiqpuurvCRAqLvv/t5VZW19Y38puFre2d3b3i/kHdxqlhvMZiGZtmSC2XQvMaCpS8mRhOVSh5IxxeTfzGPTdWxPoWRwnvKNrXIhKMopPu2gOKWTruPnSLJb/sT0GWSTAnpUr+8wMcqt3iV7sXs1RxjUxSa1uBn2AnowYFk3xcaKeWJ5QNaZ+3HNVUcdvJpgePyYlTeiSKjSuNZKr+nsiosnakQtepKA7sojcR//NaKUaXnUzoJEWu2WxRlEqCMZl8T3rCcIZy5AhlRrhbCRtQQxm6jAouhGDx5WVSPysHfjm4cWmcwwx5OIJjOIUALqAC11CFGjBQ8AjP8OIZ78l79d5mrTlvPnMIf+C9/wCw4ZJw</latexit><latexit sha1_base64="uRzeCWF8hSB+Gi2+v8V5HARjd4s=">AAAB8HicbVDLSgNBEOyNrxhfMR69DAmCp7Argh4DevAYwTwkCWF2MpsMmZ1dZnrFsOQrvHhQxIsH/8E/8OTNv3HyOGhiQUNR1U13lx9LYdB1v53Myura+kZ2M7e1vbO7l98v1E2UaMZrLJKRbvrUcCkUr6FAyZux5jT0JW/4w4uJ37jj2ohI3eAo5p2Q9pUIBKNopdv2gGKajLv33XzJLbtTkGXizUmpkv38KFy+Favd/Fe7F7Ek5AqZpMa0PDfGTko1Cib5ONdODI8pG9I+b1mqaMhNJ50ePCZHVumRINK2FJKp+nsipaExo9C3nSHFgVn0JuJ/XivB4LyTChUnyBWbLQoSSTAik+9JT2jOUI4soUwLeythA6opQ5tRzobgLb68TOonZc8te9c2jVOYIQuHUIRj8OAMKnAFVagBgxAe4AmeHe08Oi/O66w148xnDuAPnPcfL1mTjg==</latexit><latexit sha1_base64="uRzeCWF8hSB+Gi2+v8V5HARjd4s=">AAAB8HicbVDLSgNBEOyNrxhfMR69DAmCp7Argh4DevAYwTwkCWF2MpsMmZ1dZnrFsOQrvHhQxIsH/8E/8OTNv3HyOGhiQUNR1U13lx9LYdB1v53Myura+kZ2M7e1vbO7l98v1E2UaMZrLJKRbvrUcCkUr6FAyZux5jT0JW/4w4uJ37jj2ohI3eAo5p2Q9pUIBKNopdv2gGKajLv33XzJLbtTkGXizUmpkv38KFy+Favd/Fe7F7Ek5AqZpMa0PDfGTko1Cib5ONdODI8pG9I+b1mqaMhNJ50ePCZHVumRINK2FJKp+nsipaExo9C3nSHFgVn0JuJ/XivB4LyTChUnyBWbLQoSSTAik+9JT2jOUI4soUwLeythA6opQ5tRzobgLb68TOonZc8te9c2jVOYIQuHUIRj8OAMKnAFVagBgxAe4AmeHe08Oi/O66w148xnDuAPnPcfL1mTjg==</latexit>

ûy
<latexit sha1_base64="eWYRZ78Igr4Yre6YaCaEA7Zk3mg=">AAAB8HicbVA9SwNBEJ2LXzF+RS0sbBaDYBXuRNAyYKNdBJMoyRH2NnvJkt27Y3dOOI78ChsLRWz9OXZ2Vv4ONx+FJj4YeLw3w8y8IJHCoOt+OoWl5ZXVteJ6aWNza3unvLvXNHGqGW+wWMb6LqCGSxHxBgqU/C7RnKpA8lYwvBz7rQeujYijW8wS7ivaj0QoGEUr3XcGFPN01M265YpbdScgi8SbkUrt4Pr7CwDq3fJHpxezVPEImaTGtD03QT+nGgWTfFTqpIYnlA1pn7ctjajixs8nB4/IsVV6JIy1rQjJRP09kVNlTKYC26koDsy8Nxb/89ophhd+LqIkRR6x6aIwlQRjMv6e9ITmDGVmCWVa2FsJG1BNGdqMSjYEb/7lRdI8rXpu1buxaZzBFEU4hCM4AQ/OoQZXUIcGMFDwCM/w4mjnyXl13qatBWc2sw9/4Lz/AHn8kwY=</latexit><latexit sha1_base64="jIozSGCohbOB5AB4OPZPdlv0DtE=">AAAB8HicbVDLSgNBEOyNrxhfUQ8evAwGwVPYFUGPAS96i2AekoQ4O5lNBmdnl5leYVnyFV48KOLVH/A/vPkDHv0GJ4+DJhY0FFXddHf5sRQGXffTyS0sLi2v5FcLa+sbm1vF7Z26iRLNeI1FMtJNnxouheI1FCh5M9achr7kDf/ufOQ37rk2IlLXmMa8E9K+EoFgFK100x5QzJJhN+0WS27ZHYPME29KSpW9y6/v99xttVv8aPciloRcIZPUmJbnxtjJqEbBJB8W2onhMWV3tM9blioactPJxgcPyaFVeiSItC2FZKz+nshoaEwa+rYzpDgws95I/M9rJRicdTKh4gS5YpNFQSIJRmT0PekJzRnK1BLKtLC3EjagmjK0GRVsCN7sy/Okflz23LJ3ZdM4gQnysA8HcAQenEIFLqAKNWAQwgM8wbOjnUfnxXmdtOac6cwu/IHz9gMEp5Qt</latexit><latexit sha1_base64="jIozSGCohbOB5AB4OPZPdlv0DtE=">AAAB8HicbVDLSgNBEOyNrxhfUQ8evAwGwVPYFUGPAS96i2AekoQ4O5lNBmdnl5leYVnyFV48KOLVH/A/vPkDHv0GJ4+DJhY0FFXddHf5sRQGXffTyS0sLi2v5FcLa+sbm1vF7Z26iRLNeI1FMtJNnxouheI1FCh5M9achr7kDf/ufOQ37rk2IlLXmMa8E9K+EoFgFK100x5QzJJhN+0WS27ZHYPME29KSpW9y6/v99xttVv8aPciloRcIZPUmJbnxtjJqEbBJB8W2onhMWV3tM9blioactPJxgcPyaFVeiSItC2FZKz+nshoaEwa+rYzpDgws95I/M9rJRicdTKh4gS5YpNFQSIJRmT0PekJzRnK1BLKtLC3EjagmjK0GRVsCN7sy/Okflz23LJ3ZdM4gQnysA8HcAQenEIFLqAKNWAQwgM8wbOjnUfnxXmdtOac6cwu/IHz9gMEp5Qt</latexit>

Tuttavia osserviamo che non ci serve davvero calcolare il valore di t1. L’unica informazione che
ci serve per trovare l’accelerazione è che l’argomento di sin( ) e cos( ), ossia la fase θ = θ0 +ω t,
che a tale istante vale appunto 5π/6. Pertanto

ax(t = t1) = −Rω2 cos
5π

6
=

= −0.1 m (0.3)2
1

s2
(−
√

3

2
) =

= +0.0078
m

s2
(12)

e

ay(t = t1) = −Rω2 sin
5π

6
=

= −0.1 m (0.3)2
1

s2
1

2
=

= −0.0045
m

s2
(13)

Infatti, dato che in un moto circolare uniforme l’accelerazione è sempre radiale centripeta, in
corrispondenza dell’angolo θ1 la sua componente ax è positiva, mentre la componente ay è
negativa (vedi figura).
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