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Esercizio
Una particella si muove di moto circolare uniforme lungo una circonferenza di raggio R = 20 cm,
in senso antiorario, sul piano xy. All’istante t = 0 la particella si trova nel punto A del quadrante
superiore destro che ha coordinata yA = R/2, ed ha l’accelerazione radiale di modulo |ar| = 0.8 m/s2.
Determinare e disegnare le seguenti quantità all’istante t∗ = 1.5 s

1. il versore radiale ûr;

2. il versore trasverso ûθ;

3. la velocità;

4. l’accelerazione.
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SOLUZIONE:

DATI NOTI
R = 0.2 m;
y(t = 0) = R

2 ;
x(t = 0) > 0;
|ar| = 0.8 m/s2;
t∗ = 1.5 s

x

y

~a
<latexit sha1_base64="fAp1aiqXuU5aXxmgBLhvwLFXnDU=">AAAB7nicbZBLSgNBEIZr4ivGV9Slm8YguAozbsxCMODGZQTzgGQIPZ2apElPz9DdEwhDlh7AjQtF3HoNr+DOM3gJO4mIJv7Q8PH/VXRVBYng2rjuh5NbWV1b38hvFra2d3b3ivsHDR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMr6Z5c4RK81jemnGCfkT7koecUWOtZmeELKOTbrHklt2ZyA94i1C6fPu8IwBQ6xbfO72YpRFKwwTVuu25ifEzqgxnAieFTqoxoWxI+9i2KGmE2s9m407IiXV6JIyVfdKQmfu7I6OR1uMosJURNQO9mE3N/7J2asKKn3GZpAYlm38UpoKYmEx3Jz2ukBkxtkCZ4nZWwgZUUWbshQr2CEsrL0PjrOy5Ze/GLVUvYK48HMExnIIH51CFa6hBHRgM4R4e4clJnAfn2XmZl+ac755D+CPn9QsEppI6</latexit><latexit sha1_base64="5fXMokgLY09lg+fZdyn1T8zUx+A=">AAAB7nicbZBLSgNBEIZrfMb4iroUpDEIrsKMG10IBty4TMA8IAmhp1OTNOnpGbp7AmHI0gO4caGIW4/g1iu48wx6CDuJiCb+0PDx/1V0Vfmx4Nq47ruzsLi0vLKaWcuub2xubed2dqs6ShTDCotEpOo+1Si4xIrhRmA9VkhDX2DN71+O89oAleaRvDbDGFsh7UoecEaNtWrNAbKUjtq5vFtwJyI/4M1C/uL14+bgpfxZaufemp2IJSFKwwTVuuG5sWmlVBnOBI6yzURjTFmfdrFhUdIQdSudjDsiR9bpkCBS9klDJu7vjpSGWg9D31aG1PT0bDY2/8saiQnOWimXcWJQsulHQSKIich4d9LhCpkRQwuUKW5nJaxHFWXGXihrjzC38jxUTwqeW/DKbr54DlNlYB8O4Rg8OIUiXEEJKsCgD7dwDw9O7Nw5j87TtHTB+e7Zgz9ynr8Any6ULQ==</latexit><latexit sha1_base64="5fXMokgLY09lg+fZdyn1T8zUx+A=">AAAB7nicbZBLSgNBEIZrfMb4iroUpDEIrsKMG10IBty4TMA8IAmhp1OTNOnpGbp7AmHI0gO4caGIW4/g1iu48wx6CDuJiCb+0PDx/1V0Vfmx4Nq47ruzsLi0vLKaWcuub2xubed2dqs6ShTDCotEpOo+1Si4xIrhRmA9VkhDX2DN71+O89oAleaRvDbDGFsh7UoecEaNtWrNAbKUjtq5vFtwJyI/4M1C/uL14+bgpfxZaufemp2IJSFKwwTVuuG5sWmlVBnOBI6yzURjTFmfdrFhUdIQdSudjDsiR9bpkCBS9klDJu7vjpSGWg9D31aG1PT0bDY2/8saiQnOWimXcWJQsulHQSKIich4d9LhCpkRQwuUKW5nJaxHFWXGXihrjzC38jxUTwqeW/DKbr54DlNlYB8O4Rg8OIUiXEEJKsCgD7dwDw9O7Nw5j87TtHTB+e7Zgz9ynr8Any6ULQ==</latexit>
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<latexit sha1_base64="MC8J6RliEFidh+PogJgw3bDUmi0=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdi1MZ0RG8tEzAWSJcxOziZjZmeXmVkhLHkCGwtFbH0KKx/Czrdxcik08YeBj/8/hznnBIng2rjut7Oyura+sZnbym/v7O7tFw4OGzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/y5gMqzWN5Z0YJ+hHtSx5yRo21alfdQtEtuVORZfDmULz8/LgFq2q38NXpxSyNUBomqNZtz02Mn1FlOBM4zndSjQllQ9rHtkVJI9R+Nh10TE6t0yNhrOyThkzd3x0ZjbQeRYGtjKgZ6MVsYv6XtVMTlv2MyyQ1KNnsozAVxMRksjXpcYXMiJEFyhS3sxI2oIoyY2+Tt0fwFldehsZ5yXNLXs0tVsowUw6O4QTOwIMLqMANVKEODBAe4RlenHvnyXl13malK8685wj+yHn/AU0ojr4=</latexit><latexit sha1_base64="BECRKNOWOkc8Z8ePv/zKjkkhOB8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7NqYzYmOZgLlAsoTZydlkzOzsMjMrhCWllY2FIrY+RSofws5n8CWcXApN/GHg4//PYc45fsyZ0o7zZWVWVtfWN7Kbua3tnd29/P5BXUWJpFijEY9k0ycKORNY00xzbMYSSehzbPiD60neuEepWCRu9TBGLyQ9wQJGiTZW9aqTLzhFZyp7Gdw5FC4/xtXvh+NxpZP/bHcjmoQoNOVEqZbrxNpLidSMchzl2onCmNAB6WHLoCAhKi+dDjqyT43TtYNImie0PXV/d6QkVGoY+qYyJLqvFrOJ+V/WSnRQ8lIm4kSjoLOPgoTbOrInW9tdJpFqPjRAqGRmVpv2iSRUm9vkzBHcxZWXoX5edJ2iW3UK5RLMlIUjOIEzcOECynADFagBBYRHeIYX6856sl6tt1lpxpr3HMIfWe8/VyORAw==</latexit><latexit sha1_base64="BECRKNOWOkc8Z8ePv/zKjkkhOB8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7NqYzYmOZgLlAsoTZydlkzOzsMjMrhCWllY2FIrY+RSofws5n8CWcXApN/GHg4//PYc45fsyZ0o7zZWVWVtfWN7Kbua3tnd29/P5BXUWJpFijEY9k0ycKORNY00xzbMYSSehzbPiD60neuEepWCRu9TBGLyQ9wQJGiTZW9aqTLzhFZyp7Gdw5FC4/xtXvh+NxpZP/bHcjmoQoNOVEqZbrxNpLidSMchzl2onCmNAB6WHLoCAhKi+dDjqyT43TtYNImie0PXV/d6QkVGoY+qYyJLqvFrOJ+V/WSnRQ8lIm4kSjoLOPgoTbOrInW9tdJpFqPjRAqGRmVpv2iSRUm9vkzBHcxZWXoX5edJ2iW3UK5RLMlIUjOIEzcOECynADFagBBYRHeIYX6856sl6tt1lpxpr3HMIfWe8/VyORAw==</latexit>

✓A
<latexit sha1_base64="nZwNP6KrQkgtYdx/eLTkb1GCQV8=">AAAB73icbVDLSgNBEOz1GRMfUY9eFoPgKex6UI8RD3qMYB6QLGF20kmGzM6uM71CWPITXkQU8ervePNvnDwOmljQUFR1090VJlIY8rxvZ2V1bX1jM7eVL2zv7O4V9w/qJk41xxqPZaybITMohcIaCZLYTDSyKJTYCIfXE7/xiNqIWN3TKMEgYn0leoIzslKzTQMk1rnqFEte2ZvCXSb+nJQqhZsXsKh2il/tbszTCBVxyYxp+V5CQcY0CS5xnG+nBhPGh6yPLUsVi9AE2fTesXtila7bi7UtRe5U/T2RsciYURTazojRwCx6E/E/r5VS7zLIhEpSQsVni3qpdCl2J8+7XaGRkxxZwrgW9laXD5hmnGxEeRuCv/jyMqmflX2v7N/ZNM5hhhwcwTGcgg8XUIFbqEINOEh4gld4cx6cZ+fd+Zi1rjjzmUP4A+fzB3T5kPc=</latexit><latexit sha1_base64="Y3Ld782uCb7H8BUqf/p4O0mmwJs=">AAAB73icbVDLSgNBEJz1GRMfUY+5DAbBU9j1oB4jHvQYwSQLyRJmZ3uTIbMPZ3qFsOQnvIgo4tUP8Qe8+TdOHgdNLGgoqrrp7vJTKTTa9re1srq2vrFZ2CqWtnd298r7By2dZIpDkycyUa7PNEgRQxMFSnBTBSzyJbT94dXEbz+A0iKJ73CUghexfixCwRkaye3iAJD1Lnvlql2zp6DLxJmTar10/Vz5dINGr/zVDRKeRRAjl0zrjmOn6OVMoeASxsVupiFlfMj60DE0ZhFoL5/eO6bHRglomChTMdKp+nsiZ5HWo8g3nRHDgV70JuJ/XifD8MLLRZxmCDGfLQozSTGhk+dpIBRwlCNDGFfC3Er5gCnG0URUNCE4iy8vk9ZpzbFrzq1J44zMUCAVckROiEPOSZ3ckAZpEk4keSQv5NW6t56sN+t91rpizWcOyR9YHz+cFpKT</latexit><latexit sha1_base64="Y3Ld782uCb7H8BUqf/p4O0mmwJs=">AAAB73icbVDLSgNBEJz1GRMfUY+5DAbBU9j1oB4jHvQYwSQLyRJmZ3uTIbMPZ3qFsOQnvIgo4tUP8Qe8+TdOHgdNLGgoqrrp7vJTKTTa9re1srq2vrFZ2CqWtnd298r7By2dZIpDkycyUa7PNEgRQxMFSnBTBSzyJbT94dXEbz+A0iKJ73CUghexfixCwRkaye3iAJD1Lnvlql2zp6DLxJmTar10/Vz5dINGr/zVDRKeRRAjl0zrjmOn6OVMoeASxsVupiFlfMj60DE0ZhFoL5/eO6bHRglomChTMdKp+nsiZ5HWo8g3nRHDgV70JuJ/XifD8MLLRZxmCDGfLQozSTGhk+dpIBRwlCNDGFfC3Er5gCnG0URUNCE4iy8vk9ZpzbFrzq1J44zMUCAVckROiEPOSZ3ckAZpEk4keSQv5NW6t56sN+t91rpizWcOyR9YHz+cFpKT</latexit>

• Dal testo sappiamo che all’istante t = 0 la particella si trova nel quadrante superiore destro di
coordinata yA = R/2. Denotiamo con θA l’angolo che corrisponde a tale punto A. Dato che vale

yA = R sin θA =
R

2
⇒ sin θA =

1

2
⇒ θA =

π

6
(1)

si ha
θ(t = 0) = θA =

π

6
(2)

• Il testo dice anche che il moto è circolare uniforme. Siccome in un moto circolare uniforme
l’accelerazione ha solo componente radiale centripeta (non c’è componente tangenziale), l’accelerazione
in A è diretta come in figura, e vale

~a = ar ûr = −ω2R ûr

⇓ [moltiplico scalarmente ambo i membri

per ûr e sfrutto ûr · ûr = 1]

ar = −ω2R

⇓

ω =

√
|ar|
R

(3)

dove ω vale

ω =

√
0.8 m/

s2

0.2 m/
= 2 s−1 (4)

Fabrizio Dolcini (http://staff.polito.it/fabrizio.dolcini/)
Dipartimento di Scienza Applicata e Tecnologia, Politecnico di Torino - Esercitazioni di Fisica I



3

ed è costante nel tempo, coerentemente col fatto che il moto è circolare uniforme.

• La legge oraria angolare del moto circolare uniforme di pulsazione ω ed angolo iniziale (6) si
scrive pertanto

θ(t) = θA + ω t (5)

Ed, in particolare, all’istante t = t∗ = 1.5s, l’angolo vale

θ∗ = θ(t∗) = θA + ω t∗ =

=
π

6
+ 2

1

s/
· 1.5 s/ =

= 3.52 (6)

ed identifica un punto indicato in figura con B.

x

y

~a
<latexit sha1_base64="fAp1aiqXuU5aXxmgBLhvwLFXnDU=">AAAB7nicbZBLSgNBEIZr4ivGV9Slm8YguAozbsxCMODGZQTzgGQIPZ2apElPz9DdEwhDlh7AjQtF3HoNr+DOM3gJO4mIJv7Q8PH/VXRVBYng2rjuh5NbWV1b38hvFra2d3b3ivsHDR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMr6Z5c4RK81jemnGCfkT7koecUWOtZmeELKOTbrHklt2ZyA94i1C6fPu8IwBQ6xbfO72YpRFKwwTVuu25ifEzqgxnAieFTqoxoWxI+9i2KGmE2s9m407IiXV6JIyVfdKQmfu7I6OR1uMosJURNQO9mE3N/7J2asKKn3GZpAYlm38UpoKYmEx3Jz2ukBkxtkCZ4nZWwgZUUWbshQr2CEsrL0PjrOy5Ze/GLVUvYK48HMExnIIH51CFa6hBHRgM4R4e4clJnAfn2XmZl+ac755D+CPn9QsEppI6</latexit><latexit sha1_base64="5fXMokgLY09lg+fZdyn1T8zUx+A=">AAAB7nicbZBLSgNBEIZrfMb4iroUpDEIrsKMG10IBty4TMA8IAmhp1OTNOnpGbp7AmHI0gO4caGIW4/g1iu48wx6CDuJiCb+0PDx/1V0Vfmx4Nq47ruzsLi0vLKaWcuub2xubed2dqs6ShTDCotEpOo+1Si4xIrhRmA9VkhDX2DN71+O89oAleaRvDbDGFsh7UoecEaNtWrNAbKUjtq5vFtwJyI/4M1C/uL14+bgpfxZaufemp2IJSFKwwTVuuG5sWmlVBnOBI6yzURjTFmfdrFhUdIQdSudjDsiR9bpkCBS9klDJu7vjpSGWg9D31aG1PT0bDY2/8saiQnOWimXcWJQsulHQSKIich4d9LhCpkRQwuUKW5nJaxHFWXGXihrjzC38jxUTwqeW/DKbr54DlNlYB8O4Rg8OIUiXEEJKsCgD7dwDw9O7Nw5j87TtHTB+e7Zgz9ynr8Any6ULQ==</latexit><latexit sha1_base64="5fXMokgLY09lg+fZdyn1T8zUx+A=">AAAB7nicbZBLSgNBEIZrfMb4iroUpDEIrsKMG10IBty4TMA8IAmhp1OTNOnpGbp7AmHI0gO4caGIW4/g1iu48wx6CDuJiCb+0PDx/1V0Vfmx4Nq47ruzsLi0vLKaWcuub2xubed2dqs6ShTDCotEpOo+1Si4xIrhRmA9VkhDX2DN71+O89oAleaRvDbDGFsh7UoecEaNtWrNAbKUjtq5vFtwJyI/4M1C/uL14+bgpfxZaufemp2IJSFKwwTVuuG5sWmlVBnOBI6yzURjTFmfdrFhUdIQdSudjDsiR9bpkCBS9klDJu7vjpSGWg9D31aG1PT0bDY2/8saiQnOWimXcWJQsulHQSKIich4d9LhCpkRQwuUKW5nJaxHFWXGXihrjzC38jxUTwqeW/DKbr54DlNlYB8O4Rg8OIUiXEEJKsCgD7dwDw9O7Nw5j87TtHTB+e7Zgz9ynr8Any6ULQ==</latexit>B

<latexit sha1_base64="CxfZAE6l1uUwG65KuKnA1ZkKJPM=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdi1MZ1BG8tEzAWSJcxOziZjZmeXmVkhLHkCGwtFbH0KKx/Czrdxcik08YeBj/8/hznnBIng2rjut7Oyura+sZnbym/v7O7tFw4OGzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/y5gMqzWN5Z0YJ+hHtSx5yRo21alfdQtEtuVORZfDmULz8/LgFq2q38NXpxSyNUBomqNZtz02Mn1FlOBM4zndSjQllQ9rHtkVJI9R+Nh10TE6t0yNhrOyThkzd3x0ZjbQeRYGtjKgZ6MVsYv6XtVMTlv2MyyQ1KNnsozAVxMRksjXpcYXMiJEFyhS3sxI2oIoyY2+Tt0fwFldehsZ5yXNLXs0tVsowUw6O4QTOwIMLqMANVKEODBAe4RlenHvnyXl13malK8685wj+yHn/AU6sjr8=</latexit><latexit sha1_base64="bxFQI3o53FPgrEQD2vtbpWkeF+U=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7NqYzaGOZgLlAsoTZydlkzOzsMjMrhCWllY2FIrY+RSofws5n8CWcXApN/GHg4//PYc45fsyZ0o7zZWVWVtfWN7Kbua3tnd29/P5BXUWJpFijEY9k0ycKORNY00xzbMYSSehzbPiD60neuEepWCRu9TBGLyQ9wQJGiTZW9aqTLzhFZyp7Gdw5FC4/xtXvh+NxpZP/bHcjmoQoNOVEqZbrxNpLidSMchzl2onCmNAB6WHLoCAhKi+dDjqyT43TtYNImie0PXV/d6QkVGoY+qYyJLqvFrOJ+V/WSnRQ8lIm4kSjoLOPgoTbOrInW9tdJpFqPjRAqGRmVpv2iSRUm9vkzBHcxZWXoX5edJ2iW3UK5RLMlIUjOIEzcOECynADFagBBYRHeIYX6856sl6tt1lpxpr3HMIfWe8/WKeRBA==</latexit><latexit sha1_base64="bxFQI3o53FPgrEQD2vtbpWkeF+U=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7NqYzaGOZgLlAsoTZydlkzOzsMjMrhCWllY2FIrY+RSofws5n8CWcXApN/GHg4//PYc45fsyZ0o7zZWVWVtfWN7Kbua3tnd29/P5BXUWJpFijEY9k0ycKORNY00xzbMYSSehzbPiD60neuEepWCRu9TBGLyQ9wQJGiTZW9aqTLzhFZyp7Gdw5FC4/xtXvh+NxpZP/bHcjmoQoNOVEqZbrxNpLidSMchzl2onCmNAB6WHLoCAhKi+dDjqyT43TtYNImie0PXV/d6QkVGoY+qYyJLqvFrOJ+V/WSnRQ8lIm4kSjoLOPgoTbOrInW9tdJpFqPjRAqGRmVpv2iSRUm9vkzBHcxZWXoX5edJ2iW3UK5RLMlIUjOIEzcOECynADFagBBYRHeIYX6856sl6tt1lpxpr3HMIfWe8/WKeRBA==</latexit>

✓⇤
<latexit sha1_base64="THZn/I23Ms56QYzUsX+5BxTxWu8=">AAAB73icbZC7SgNBFIbPxluMt6ilzWAQgkXYtVA7AzaWEcwFkjXMTibJkNnZdeasEJa8hI2FIra+g4XPYOeD2Du5FJr4w8DH/5/DnHOCWAqDrvvlZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGelGQA2XQvEqCpS8EWtOw0DyejC4HOf1e66NiNQNDmPuh7SnRFcwitZqtLDPkd4et/MFt+RORBbBm0Hh4r34/QEAlXb+s9WJWBJyhUxSY5qeG6OfUo2CST7KtRLDY8oGtMebFhUNufHTybwjcmSdDulG2j6FZOL+7khpaMwwDGxlSLFv5rOx+V/WTLB77qdCxQlyxaYfdRNJMCLj5UlHaM5QDi1QpoWdlbA+1ZShPVHOHsGbX3kRaiclzy15126hfApTZeEADqEIHpxBGa6gAlVgIOEBnuDZuXMenRfndVqacWY9+/BHztsPk1uSjA==</latexit><latexit sha1_base64="TZO3ceHKDze/H7S1MMRbKYTXoeo=">AAAB73icbZC7SgNBFIbPxluMt6ilzWIQokXYtVA7AzaWEcwFsmuYnUySIbOz68xZISx5BsHGQhFb38HKR7DzQeydXApN/GHg4//PYc45QSy4Rsf5sjILi0vLK9nV3Nr6xuZWfnunpqNEUValkYhUIyCaCS5ZFTkK1ogVI2EgWD3oX4zy+h1TmkfyGgcx80PSlbzDKUFjNTzsMSQ3R618wSk5Y9nz4E6hcP5e/P649w4rrfyn145oEjKJVBCtm64To58ShZwKNsx5iWYxoX3SZU2DkoRM++l43qF9YJy23YmUeRLtsfu7IyWh1oMwMJUhwZ6ezUbmf1kzwc6Zn3IZJ8gknXzUSYSNkT1a3m5zxSiKgQFCFTez2rRHFKFoTpQzR3BnV56H2nHJdUrulVMon8BEWdiDfSiCC6dQhkuoQBUoCHiAJ3i2bq1H68V6nZRmrGnPLvyR9fYDB0eTog==</latexit><latexit sha1_base64="TZO3ceHKDze/H7S1MMRbKYTXoeo=">AAAB73icbZC7SgNBFIbPxluMt6ilzWIQokXYtVA7AzaWEcwFsmuYnUySIbOz68xZISx5BsHGQhFb38HKR7DzQeydXApN/GHg4//PYc45QSy4Rsf5sjILi0vLK9nV3Nr6xuZWfnunpqNEUValkYhUIyCaCS5ZFTkK1ogVI2EgWD3oX4zy+h1TmkfyGgcx80PSlbzDKUFjNTzsMSQ3R618wSk5Y9nz4E6hcP5e/P649w4rrfyn145oEjKJVBCtm64To58ShZwKNsx5iWYxoX3SZU2DkoRM++l43qF9YJy23YmUeRLtsfu7IyWh1oMwMJUhwZ6ezUbmf1kzwc6Zn3IZJ8gknXzUSYSNkT1a3m5zxSiKgQFCFTez2rRHFKFoTpQzR3BnV56H2nHJdUrulVMon8BEWdiDfSiCC6dQhkuoQBUoCHiAJ3i2bq1H68V6nZRmrGnPLvyR9fYDB0eTog==</latexit>

ûr
<latexit sha1_base64="ov69sOKEIc9ht0OUJyxJriQBjPw=">AAAB8HicbVDJSgNBEK2JW0xcoh69NAbB09AdSExuAQ96jGAWSYbQ0+kkTXoWunuEMOQrvCgo4tXP8ebf2FkOGn1Q8Hiviqp6fiyFNhh/OZmNza3tnexuLr+3f3BYODpu6ShRjDdZJCPV8anmUoS8aYSRvBMrTgNf8rY/uZr77QeutIjCOzONuRfQUSiGglFjpfvemJo0mfVVv1DEbhmTWoUg7JbKuFbFluAFEFmRYj1//QwWjX7hszeIWBLw0DBJte4SHBsvpcoIJvks10s0jymb0BHvWhrSgGsvXRw8Q+dWGaBhpGyFBi3UnxMpDbSeBr7tDKgZ63VvLv7ndRMzrHqpCOPE8JAtFw0TiUyE5t+jgVCcGTm1hDIl7K2IjamizNiMcjYEsv7yX9IquQS75NamUYElsnAKZ3ABBC6hDjfQgCYwCOARXuDVUc6T8+a8L1szzmrmBH7B+fgGC4CR9A==</latexit><latexit sha1_base64="CfnUIR2iNP1nAf7T3XNI4WOvqZE=">AAAB8HicbVDLSgMxFM3UV219VF12EyyCqyEptLa7ggtdVrAPaYeSyaRtaDIzJBmhDP0KNwqKuPU//AF3/o3pY6HVAxcO59zLvff4seDaIPTlZDY2t7Z3sru5/N7+wWHh6Lito0RR1qKRiFTXJ5oJHrKW4UawbqwYkb5gHX9yOfc790xpHoW3ZhozT5JRyIecEmOlu/6YmDSZDdSgUEJuBeF6FUPkliuoXkOWoAUgXpFSI3/1VPzoBs1B4bMfRDSRLDRUEK17GMXGS4kynAo2y/UTzWJCJ2TEepaGRDLtpYuDZ/DMKgEcRspWaOBC/TmREqn1VPq2UxIz1uveXPzP6yVmWPNSHsaJYSFdLhomApoIzr+HAVeMGjG1hFDF7a2Qjoki1NiMcjYEvP7yX9Iuuxi5+MamUQVLZEERnIJzgMEFaIBr0AQtQIEED+AZvDjKeXRenbdla8ZZzZyAX3DevwEynZOQ</latexit><latexit sha1_base64="CfnUIR2iNP1nAf7T3XNI4WOvqZE=">AAAB8HicbVDLSgMxFM3UV219VF12EyyCqyEptLa7ggtdVrAPaYeSyaRtaDIzJBmhDP0KNwqKuPU//AF3/o3pY6HVAxcO59zLvff4seDaIPTlZDY2t7Z3sru5/N7+wWHh6Lito0RR1qKRiFTXJ5oJHrKW4UawbqwYkb5gHX9yOfc790xpHoW3ZhozT5JRyIecEmOlu/6YmDSZDdSgUEJuBeF6FUPkliuoXkOWoAUgXpFSI3/1VPzoBs1B4bMfRDSRLDRUEK17GMXGS4kynAo2y/UTzWJCJ2TEepaGRDLtpYuDZ/DMKgEcRspWaOBC/TmREqn1VPq2UxIz1uveXPzP6yVmWPNSHsaJYSFdLhomApoIzr+HAVeMGjG1hFDF7a2Qjoki1NiMcjYEvP7yX9Iuuxi5+MamUQVLZEERnIJzgMEFaIBr0AQtQIEED+AZvDjKeXRenbdla8ZZzZyAX3DevwEynZOQ</latexit>

û✓
<latexit sha1_base64="PlUsSINTicoYRWICtuURrKyAbCc=">AAAB9XicbVDJSgNBEK1xjYlL1KOXxiB4Cj2BxOQW8KDHCGaBJIaeTidp0rPQXaOEIf+hBw+KePVfvPk3dpaDRh8UPN6roqqeFylpkNIvZ219Y3NrO7WTzuzu7R9kD48aJow1F3UeqlC3PGaEkoGoo0QlWpEWzPeUaHrjy5nfvBfayDC4xUkkuj4bBnIgOUMr3XVGDJN42uvgSCDrZXM0X6RupeQSmi8UaaVMLaFzEHdJctXM1RNY1HrZz04/5LEvAuSKGdN2aYTdhGmUXIlpuhMbETE+ZkPRtjRgvjDdZH71lJxZpU8GobYVIJmrPycS5hsz8T3b6TMcmVVvJv7ntWMclLuJDKIYRcAXiwaxIhiSWQSkL7XgqCaWMK6lvZXwEdOMow0qbUNwV1/+SxqFvEvz7o1NowQLpOAETuEcXLiAKlxDDerAQcMjvMCr8+A8O2/O+6J1zVnOHMMvOB/f45CUJg==</latexit><latexit sha1_base64="KRq9m2s989CGQDEZNxIJpVg8nXc=">AAAB9XicbVDJSgNBEO1xjYlL1GMujUHwFHoCickt4EGPEcwCyRh6Oj2ZJj0L3TVKGPIfevCgiFe/wh/w5t/YWQ4afVDweK+KqnpuLIUGQr6stfWNza3tzE42t7u3f5A/PGrrKFGMt1gkI9V1qeZShLwFAiTvxorTwJW8444vZn7njistovAGJjF3AjoKhScYBSPd9n0KaTId9MHnQAf5IilViF2v2piUyhVSrxFDyBzYXpJiI3f5WPjoDpuD/Gd/GLEk4CEwSbXu2SQGJ6UKBJN8mu0nmseUjemI9wwNacC1k86vnuJTowyxFylTIeC5+nMipYHWk8A1nQEFX696M/E/r5eAV3NSEcYJ8JAtFnmJxBDhWQR4KBRnICeGUKaEuRUznyrKwASVNSHYqy//Je1yySYl+9qkUUULZFABnaAzZKNz1EBXqIlaiCGFHtAzerHurSfr1XpbtK5Zy5lj9AvW+zcKvJXC</latexit><latexit sha1_base64="KRq9m2s989CGQDEZNxIJpVg8nXc=">AAAB9XicbVDJSgNBEO1xjYlL1GMujUHwFHoCickt4EGPEcwCyRh6Oj2ZJj0L3TVKGPIfevCgiFe/wh/w5t/YWQ4afVDweK+KqnpuLIUGQr6stfWNza3tzE42t7u3f5A/PGrrKFGMt1gkI9V1qeZShLwFAiTvxorTwJW8444vZn7njistovAGJjF3AjoKhScYBSPd9n0KaTId9MHnQAf5IilViF2v2piUyhVSrxFDyBzYXpJiI3f5WPjoDpuD/Gd/GLEk4CEwSbXu2SQGJ6UKBJN8mu0nmseUjemI9wwNacC1k86vnuJTowyxFylTIeC5+nMipYHWk8A1nQEFX696M/E/r5eAV3NSEcYJ8JAtFnmJxBDhWQR4KBRnICeGUKaEuRUznyrKwASVNSHYqy//Je1yySYl+9qkUUULZFABnaAzZKNz1EBXqIlaiCGFHtAzerHurSfr1XpbtK5Zy5lj9AvW+zcKvJXC</latexit> ~v

<latexit sha1_base64="ktuuUUYGYraqZzGGeceJ2Y6v1QQ=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoOQU9j1oN4MePEYwTwgWcLspDcZMju7zMwGwpKP8OJBEa9+hAe/wZsf4t1JohBfBQ1FVTdd3UEiuDau++bklpZXVtfy64WNza3tneLuXkPHqWJYZ7GIVSugGgWXWDfcCGwlCmkUCGwGw4up3xyh0jyW12acoB/RvuQhZ9RYqdkZIctGk26x5FXcGYj7i3xZpfPn8vsLANS6xddOL2ZphNIwQbVue25i/Iwqw5nASaGTakwoG9I+ti2VNELtZ7O4E3JklR4JY2VLGjJTFycyGmk9jgLbGVEz0D+9qfiX105NeOZnXCapQcnmi8JUEBOT6e2kxxUyI8aWUKa4zUrYgCrKjP1QYfEJ/5PGccVzK96VW6qewBx5OIBDKIMHp1CFS6hBHRgM4Qbu4N5JnFvnwXmct+acz5l9+Abn6QOCbpKR</latexit><latexit sha1_base64="usacMcoEa7Jl48QRCgAS4uRg/48=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoMQL2HXg3oz4MVjBPOA7BJmJ73JkNnZZWY2EJZ8g3jxoIhXP8KTn+DND/HuJlGIr4KGoqqbrm4/Flwb236zcguLS8sr+dXC2vrG5lZxe6eho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/cH5xG8OUWkeySszitELaU/ygDNqMqnpDpGlw3GnWHIq9hTE/kW+rNLZc/n95do9rHWKr243YkmI0jBBtW47dmy8lCrDmcBxwU00xpQNaA/bGZU0RO2l07hjcpApXRJEKitpyFSdn0hpqPUo9LPOkJq+/ulNxL+8dmKCUy/lMk4MSjZbFCSCmIhMbiddrpAZMcoIZYpnWQnrU0WZyT5UmH/C/6RxVHHsinNpl6rHMEMe9mAfyuDACVThAmpQBwYDuIE7uLdi69Z6sB5nrTnrc2YXvsF6+gD2S5On</latexit><latexit sha1_base64="usacMcoEa7Jl48QRCgAS4uRg/48=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoMQL2HXg3oz4MVjBPOA7BJmJ73JkNnZZWY2EJZ8g3jxoIhXP8KTn+DND/HuJlGIr4KGoqqbrm4/Flwb236zcguLS8sr+dXC2vrG5lZxe6eho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/cH5xG8OUWkeySszitELaU/ygDNqMqnpDpGlw3GnWHIq9hTE/kW+rNLZc/n95do9rHWKr243YkmI0jBBtW47dmy8lCrDmcBxwU00xpQNaA/bGZU0RO2l07hjcpApXRJEKitpyFSdn0hpqPUo9LPOkJq+/ulNxL+8dmKCUy/lMk4MSjZbFCSCmIhMbiddrpAZMcoIZYpnWQnrU0WZyT5UmH/C/6RxVHHsinNpl6rHMEMe9mAfyuDACVThAmpQBwYDuIE7uLdi69Z6sB5nrTnrc2YXvsF6+gD2S5On</latexit>

• Ad ogni istante t i versori radiale a trasverso sono definiti come

ûr(t) = (cos θ(t) , sin θ(t)) (7)

ûθ(t) = (− sin θ(t) , cos θ(t)) (8)

e dunque, all’istante t∗ abbiamo

ûr(t
∗) = (cos θ(t∗) , sin θ(t∗)) =

= (cos(3.52) , sin(3.52)) =

= (−0.93 , −0.37) (9)

e

ûθ(t
∗) = (− sin θ(t∗) , cos θ(t∗)) =

= (− sin(3.52) , cos(3.52)) =

= ( +0.37 , −0.93) (10)

e sono disegnati in figura.
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• Dato che il moto è antiorario, abbiamo che il vettore trasverso ûθ coincide col versore tangente
alla traiettoria ût, ed il vettore velocità in t = t∗ è dato da

~v∗ = ωR ûθ(t
∗) (11)

e dunque vale

~v∗ = 2
1

s
· 0.2 m ( +0.37 , −0.93) =

= ( +0.15 , −0.37) m/s (12)

• Dato che il moto è circolare uniforme, l’accelerazione è sempre radiale centripeta,

~a∗ = −ω2R ûr(t
∗) (13)

e dunque vale

~a∗ = −
(

2

s

)2

· 0.2 m (−0.93 , −0.37) =

= ( +0.74 , +0.30) m/s2 (14)
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