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Esercizio

Si supponga di descrivere l’autostrada Torino-Milano con una retta, con origine a Torino e orientata
verso Milano, come mostrato in Fig.1. Un’auto parte da Torino e percorre il tragitto Torino-Milano
due volte al giorno, seguendo la legge oraria

x(t) = D sin2(ωt) t ∈ [0;
2π

ω
] (1)

dove D = 150 Km è la distanza Torino-Milano.

1. Determinare l’unità di misura della costante ω.

Si supponga ora il seguente valore: ω = 2 · 10−4 s−1.

2. Partendo al tempo t = 0 da Torino, in quale istante l’auto raggiunge Milano la prima volta? E
la seconda volta?

3. Dopo quanto tempo l’auto si trova nuovamente a Torino la prima volta? E la seconda?

4. Disegnare il grafico della legge oraria;

5. Calcolare la legge oraria della velocità dell’auto e disegnarne il grafico.

6. Calcolare la velocità media dell’auto lungo ciascuna tratta Torino→Milano (solo andata).

7. Calcolare la velocità massima raggiunta durante il tragitto. In che posizione si trova quando
raggiunge tale velocità massima?

8. In quali istanti (durante tutto il tragitto) l’auto passa da Novara, situata a distanza x = 2D/3
da Torino?
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Figure 1:
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SOLUZIONE

1. Dato che l’argomento ωt di sin(ωt) deve essere adimensionale, l’unità di misura di ω è s−1. Infatti

[ω t] = 1 ⇒ [ω] [ t] = 1 ⇒ [ω] =
1

[ t]
=

1

s

2. Dato che Milano si trova alla coordinata x = D, l’auto raggiunge Milano agli istanti t (compresi
nell’intervallo t ∈ [0; 2π/ω] ) tali che

x(t) = D ⇒ D sin2(ωt) = D ⇒ sin(ωt) = ±1 (2)

ossia agli istanti

t1 =
π

2ω
(3)

t2 =
3π

2ω
(4)

Sostituendo i valori numerici otteniamo

t1 =
π

2 · 2 · 10−4 s−1
= 7854 s = 2× 3600 s + 10× 60s + 54s = 2h 10min 54s (5)

t2 =
3π

2 · 2 · 10−4 s−1
= 23562 s = 6× 3600 s + 32× 60s + 42s = 6h 32min 42s (6)

(7)

3. Dato che Torino si trova alla coordinata x = 0, l’auto raggiunge Torino agli istanti t (compresi
nell’intervallo t ∈ [0; 2π/ω] ) tali che

x(t) = 0 ⇒ D sin2(ωt) = 0 ⇒ sin(ωt) = 0 (8)

ossia agli istanti

t0 = 0 (istante iniziale di partenza) (9)

t3 =
π

ω
(primo ritorno a TO) (10)

t4 =
2π

ω
(secondo ritorno a TO) (11)

Sostituendo i valori numerici otteniamo

t3 =
π

2 · 10−4 s−1
= 15708 s = 4× 3600 s + 21× 60s + 48s = 4h 21min 48s (12)

t4 =
2π

2 · 10−4 s−1
= 31416 s = 8× 3600 s + 43× 60s + 36s = 8h 43min 36s (13)

(14)

4. Per disegnare il grafico della legge oraria :
- disegno i punti (=istante e relativa posizione) in cui si trova a Torino;
- disegno i punti (=istante e relativa posizione) in cui si trova a Milano;
- osservo che sin2(ωt) ≥ 0;
- noto che per istanti brevi (ossia per ωt � 1) la legge oraria ha un andamento parabolico
x(t) = D sin2(ωt) ' Dω2 t2.

Il risultato è mostrato in Fig.2
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<latexit sha1_base64="8/vd0JxofDrj/fxeHKFeyK7m2Kk=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWwVVJimA3QsGNywr2AU0Ik+mkHTqZhJmJUEI2/oNf4MaFIm79DHf+jdPHQlsPXDiccy/33hOmnCntON9WaW19Y3OrvF3Z2d3bP7APjzoqySShbZLwRPZCrChngrY105z2UklxHHLaDcc3U7/7QKViibjXk5T6MR4KFjGCtZEC+0QHl9deJDHJ617KitxLYjrERWBXnZozA1ol7oJUm86TiwCgFdhf3iAhWUyFJhwr1XedVPs5lpoRTouKlymaYjLGQ9o3VOCYKj+fPVCgc6MMUJRIU0Kjmfp7IsexUpM4NJ0x1iO17E3F/7x+pqOGnzORZpoKMl8UZRzpBE3TQAMmKdF8YggmkplbERlhk4Y2mVVMCO7yy6ukU6+5Ts29M2k0YI4ynMIZXIALV9CEW2hBGwgU8Ayv8GY9Wi/Wu/Uxby1Zi5lj+APr8weXuZfR</latexit><latexit sha1_base64="AZam5QqwT9GE9nZ/Ok2QfJgOS4E=">AAACAHicbVDLSsNAFJ3UV62vqAsXbkKL4KokRbAboeDGZQX7gCaEyXTSDp1HmJkIJWTjP/gFblwo4kroZ7jzI/wHp4+Fth64cDjnXu69J0ooUdp1v6zC2vrG5lZxu7Szu7d/YB8etZVIJcItJKiQ3QgqTAnHLU00xd1EYsgiijvR6Hrqd+6xVETwOz1OcMDggJOYIKiNFNonOry48mMJUVbzE5JnvmB4APPQrrhVdwZnlXgLUmm4j175Y/LdDO1Pvy9QyjDXiEKlep6b6CCDUhNEcV7yU4UTiEZwgHuGcsiwCrLZA7lzZpS+Ewtpimtnpv6eyCBTaswi08mgHqplbyr+5/VSHdeDjPAk1Zij+aI4pY4WzjQNp08kRpqODYFIEnOrg4bQpKFNZiUTgrf88ipp16qeW/VuTRp1MEcRnIIyOAceuAQNcAOaoAUQyMETeAGv1oP1bL1Z7/PWgrWYOQZ/YE1+AMP0mjE=</latexit><latexit sha1_base64="AZam5QqwT9GE9nZ/Ok2QfJgOS4E=">AAACAHicbVDLSsNAFJ3UV62vqAsXbkKL4KokRbAboeDGZQX7gCaEyXTSDp1HmJkIJWTjP/gFblwo4kroZ7jzI/wHp4+Fth64cDjnXu69J0ooUdp1v6zC2vrG5lZxu7Szu7d/YB8etZVIJcItJKiQ3QgqTAnHLU00xd1EYsgiijvR6Hrqd+6xVETwOz1OcMDggJOYIKiNFNonOry48mMJUVbzE5JnvmB4APPQrrhVdwZnlXgLUmm4j175Y/LdDO1Pvy9QyjDXiEKlep6b6CCDUhNEcV7yU4UTiEZwgHuGcsiwCrLZA7lzZpS+Ewtpimtnpv6eyCBTaswi08mgHqplbyr+5/VSHdeDjPAk1Zij+aI4pY4WzjQNp08kRpqODYFIEnOrg4bQpKFNZiUTgrf88ipp16qeW/VuTRp1MEcRnIIyOAceuAQNcAOaoAUQyMETeAGv1oP1bL1Z7/PWgrWYOQZ/YE1+AMP0mjE=</latexit>

Figure 2: Grafico della legge oraria (1).

5. La velocità istantanea dell’auto è la derivata rispetto al tempo della legge oraria

v(t) =
dx

dt
= 2Dω sin(ωt) cos(ωt) = Dω sin(2ωt) (15)

ed è rappresentata dalla curva rossa in Fig.3.
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t
<latexit sha1_base64="LfjryXehj/KANgayZCLB5P6zdA0=">AAAB6HicbZC7SwNBEMbn4ivGV9TSZjEIVuHORhsxaGOZgHlAcoS9zV6yZm/v2J0TwhGwt7FQxNZ/xt7O/8bNo9DEDxZ+fN8MOzNBIoVB1/12ciura+sb+c3C1vbO7l5x/6Bh4lQzXmexjHUroIZLoXgdBUreSjSnUSB5MxjeTPLmA9dGxOoORwn3I9pXIhSMorVq2C2W3LI7FVkGbw6lq8/C5SMAVLvFr04vZmnEFTJJjWl7boJ+RjUKJvm40EkNTygb0j5vW1Q04sbPpoOOyYl1eiSMtX0KydT93ZHRyJhRFNjKiOLALGYT87+snWJ44WdCJSlyxWYfhakkGJPJ1qQnNGcoRxYo08LOStiAasrQ3qZgj+AtrrwMjbOy55a9mluqXMNMeTiCYzgFD86hArdQhTow4PAEL/Dq3DvPzpvzPivNOfOeQ/gj5+MHTjCOwQ==</latexit><latexit sha1_base64="DXgNIhl4hFnwccdx6FVzAkB9s5c=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2MpuMmZ1dZs4KYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSKQw6HnfztLyyuraem7D3dza3tnN7+3XTJxqxqsslrFuBNRwKRSvokDJG4nmNAokrweD63Fev+faiFjd4jDh7Yj2lAgFo2itCnbyBa/oTUQWwZ9B4fLDvUjev9xyJ//Z6sYsjbhCJqkxTd9LsJ1RjYJJPnJbqeEJZQPa402LikbctLPJoCNybJ0uCWNtn0IycX93ZDQyZhgFtjKi2Dfz2dj8L2umGJ63M6GSFLli04/CVBKMyXhr0hWaM5RDC5RpYWclrE81ZWhv49oj+PMrL0LttOh7Rb/iFUpXMFUODuEITsCHMyjBDZShCgw4PMATPDt3zqPz4rxOS5ecWc8B/JHz9gM/v5A1</latexit><latexit sha1_base64="DXgNIhl4hFnwccdx6FVzAkB9s5c=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2MpuMmZ1dZs4KYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSKQw6HnfztLyyuraem7D3dza3tnN7+3XTJxqxqsslrFuBNRwKRSvokDJG4nmNAokrweD63Fev+faiFjd4jDh7Yj2lAgFo2itCnbyBa/oTUQWwZ9B4fLDvUjev9xyJ//Z6sYsjbhCJqkxTd9LsJ1RjYJJPnJbqeEJZQPa402LikbctLPJoCNybJ0uCWNtn0IycX93ZDQyZhgFtjKi2Dfz2dj8L2umGJ63M6GSFLli04/CVBKMyXhr0hWaM5RDC5RpYWclrE81ZWhv49oj+PMrL0LttOh7Rb/iFUpXMFUODuEITsCHMyjBDZShCgw4PMATPDt3zqPz4rxOS5ecWc8B/JHz9gM/v5A1</latexit>

TO

MI

D
<latexit sha1_base64="k+Evk9/LT2U3D2FUCx6x034befI=">AAAB6HicbZC7SwNBEMbnfMbzFbW0WQyCVbiz0UYMamGZgHlAcoS9zVyyZm/v2N0TQgjY21goYus/Y2/nf+PmUWjiBws/vm+GnZkwFVwbz/t2lpZXVtfWcxvu5tb2zm5+b7+mk0wxrLJEJKoRUo2CS6wabgQ2UoU0DgXWw/71OK8/oNI8kXdmkGIQ067kEWfUWKty084XvKI3EVkEfwaFy0/34hEAyu38V6uTsCxGaZigWjd9LzXBkCrDmcCR28o0ppT1aRebFiWNUQfDyaAjcmydDokSZZ80ZOL+7hjSWOtBHNrKmJqens/G5n9ZMzPReTDkMs0MSjb9KMoEMQkZb006XCEzYmCBMsXtrIT1qKLM2Nu49gj+/MqLUDst+l7Rr3iF0hVMlYNDOIIT8OEMSnALZagCA4QneIFX5955dt6c92npkjPrOYA/cj5+AAVwjpE=</latexit><latexit sha1_base64="G8RSHBlg9lJEMWdbTCCPcRxw1n8=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8UgWIVdG23EoBaWCZgLJEuYnZxNxszOLjOzQljyBDYWitjqw9jbiG/j5FJo4g8DH/9/DnPOCRLOlHbdbyu3tLyyupZftzc2t7Z3Crt7dRWnkmKNxjyWzYAo5ExgTTPNsZlIJFHAsREMrsZ54x6lYrG41cME/Yj0BAsZJdpY1etOoeiW3ImcRfBmULz4sM+T9y+70il8trsxTSMUmnKiVMtzE+1nRGpGOY7sdqowIXRAetgyKEiEys8mg46cI+N0nTCW5gntTNzfHRmJlBpGgamMiO6r+Wxs/pe1Uh2e+RkTSapR0OlHYcodHTvjrZ0uk0g1HxogVDIzq0P7RBKqzW1scwRvfuVFqJ+UPLfkVd1i+RKmysMBHMIxeHAKZbiBCtSAAsIDPMGzdWc9Wi/W67Q0Z8169uGPrLcf9vCQBQ==</latexit><latexit sha1_base64="G8RSHBlg9lJEMWdbTCCPcRxw1n8=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8UgWIVdG23EoBaWCZgLJEuYnZxNxszOLjOzQljyBDYWitjqw9jbiG/j5FJo4g8DH/9/DnPOCRLOlHbdbyu3tLyyupZftzc2t7Z3Crt7dRWnkmKNxjyWzYAo5ExgTTPNsZlIJFHAsREMrsZ54x6lYrG41cME/Yj0BAsZJdpY1etOoeiW3ImcRfBmULz4sM+T9y+70il8trsxTSMUmnKiVMtzE+1nRGpGOY7sdqowIXRAetgyKEiEys8mg46cI+N0nTCW5gntTNzfHRmJlBpGgamMiO6r+Wxs/pe1Uh2e+RkTSapR0OlHYcodHTvjrZ0uk0g1HxogVDIzq0P7RBKqzW1scwRvfuVFqJ+UPLfkVd1i+RKmysMBHMIxeHAKZbiBCtSAAsIDPMGzdWc9Wi/W67Q0Z8169uGPrLcf9vCQBQ==</latexit>

v
<latexit sha1_base64="3WKzBfQ5ccPs0DZGctwVI3A/+0Y=">AAAB6HicbZC7SwNBEMbnfMb4ilraLAbBKtzZaCMGbSwTMA9IjrC3mUvW7O0du3uBcATsbSwUsfWfsbfzv3HzKDTxg4Uf3zfDzkyQCK6N6347K6tr6xubua389s7u3n7h4LCu41QxrLFYxKoZUI2CS6wZbgQ2E4U0CgQ2gsHtJG8MUWkey3szStCPaE/ykDNqrFUddgpFt+RORZbBm0Px+jN/9QgAlU7hq92NWRqhNExQrVuemxg/o8pwJnCcb6caE8oGtIcti5JGqP1sOuiYnFqnS8JY2ScNmbq/OzIaaT2KAlsZUdPXi9nE/C9rpSa89DMuk9SgZLOPwlQQE5PJ1qTLFTIjRhYoU9zOSlifKsqMvU3eHsFbXHkZ6uclzy15VbdYvoGZcnAMJ3AGHlxAGe6gAjVggPAEL/DqPDjPzpvzPitdceY9R/BHzscPUTiOww==</latexit><latexit sha1_base64="D79GDQkqmbypsOq9vYBaFusrV/o=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdG23EoI1lAuYCyRJmJ2eTMbMXZmYDYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDnHTwRX2nG+rdzK6tr6Rn7T3tre2d0r7B/UVZxKhjUWi1g2fapQ8AhrmmuBzUQiDX2BDX9wM8kbQ5SKx9GdHiXohbQX8YAzqo1VHXYKRafkTEWWwZ1D8erDvkzev+xKp/DZ7sYsDTHSTFClWq6TaC+jUnMmcGy3U4UJZQPaw5bBiIaovGw66JicGKdLgliaF2kydX93ZDRUahT6pjKkuq8Ws4n5X9ZKdXDhZTxKUo0Rm30UpILomEy2Jl0ukWkxMkCZ5GZWwvpUUqbNbWxzBHdx5WWon5Vcp+RWnWL5GmbKwxEcwym4cA5luIUK1IABwgM8wbN1bz1aL9brrDRnzXsO4Y+stx9Cx5A3</latexit><latexit sha1_base64="D79GDQkqmbypsOq9vYBaFusrV/o=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdG23EoI1lAuYCyRJmJ2eTMbMXZmYDYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDnHTwRX2nG+rdzK6tr6Rn7T3tre2d0r7B/UVZxKhjUWi1g2fapQ8AhrmmuBzUQiDX2BDX9wM8kbQ5SKx9GdHiXohbQX8YAzqo1VHXYKRafkTEWWwZ1D8erDvkzev+xKp/DZ7sYsDTHSTFClWq6TaC+jUnMmcGy3U4UJZQPaw5bBiIaovGw66JicGKdLgliaF2kydX93ZDRUahT6pjKkuq8Ws4n5X9ZKdXDhZTxKUo0Rm30UpILomEy2Jl0ukWkxMkCZ5GZWwvpUUqbNbWxzBHdx5WWon5Vcp+RWnWL5GmbKwxEcwym4cA5luIUK1IABwgM8wbN1bz1aL9brrDRnzXsO4Y+stx9Cx5A3</latexit>

t
<latexit sha1_base64="LfjryXehj/KANgayZCLB5P6zdA0=">AAAB6HicbZC7SwNBEMbn4ivGV9TSZjEIVuHORhsxaGOZgHlAcoS9zV6yZm/v2J0TwhGwt7FQxNZ/xt7O/8bNo9DEDxZ+fN8MOzNBIoVB1/12ciura+sb+c3C1vbO7l5x/6Bh4lQzXmexjHUroIZLoXgdBUreSjSnUSB5MxjeTPLmA9dGxOoORwn3I9pXIhSMorVq2C2W3LI7FVkGbw6lq8/C5SMAVLvFr04vZmnEFTJJjWl7boJ+RjUKJvm40EkNTygb0j5vW1Q04sbPpoOOyYl1eiSMtX0KydT93ZHRyJhRFNjKiOLALGYT87+snWJ44WdCJSlyxWYfhakkGJPJ1qQnNGcoRxYo08LOStiAasrQ3qZgj+AtrrwMjbOy55a9mluqXMNMeTiCYzgFD86hArdQhTow4PAEL/Dq3DvPzpvzPivNOfOeQ/gj5+MHTjCOwQ==</latexit><latexit sha1_base64="DXgNIhl4hFnwccdx6FVzAkB9s5c=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2MpuMmZ1dZs4KYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSKQw6HnfztLyyuraem7D3dza3tnN7+3XTJxqxqsslrFuBNRwKRSvokDJG4nmNAokrweD63Fev+faiFjd4jDh7Yj2lAgFo2itCnbyBa/oTUQWwZ9B4fLDvUjev9xyJ//Z6sYsjbhCJqkxTd9LsJ1RjYJJPnJbqeEJZQPa402LikbctLPJoCNybJ0uCWNtn0IycX93ZDQyZhgFtjKi2Dfz2dj8L2umGJ63M6GSFLli04/CVBKMyXhr0hWaM5RDC5RpYWclrE81ZWhv49oj+PMrL0LttOh7Rb/iFUpXMFUODuEITsCHMyjBDZShCgw4PMATPDt3zqPz4rxOS5ecWc8B/JHz9gM/v5A1</latexit><latexit sha1_base64="DXgNIhl4hFnwccdx6FVzAkB9s5c=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2MpuMmZ1dZs4KYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSKQw6HnfztLyyuraem7D3dza3tnN7+3XTJxqxqsslrFuBNRwKRSvokDJG4nmNAokrweD63Fev+faiFjd4jDh7Yj2lAgFo2itCnbyBa/oTUQWwZ9B4fLDvUjev9xyJ//Z6sYsjbhCJqkxTd9LsJ1RjYJJPnJbqeEJZQPa402LikbctLPJoCNybJ0uCWNtn0IycX93ZDQyZhgFtjKi2Dfz2dj8L2umGJ63M6GSFLli04/CVBKMyXhr0hWaM5RDC5RpYWclrE81ZWhv49oj+PMrL0LttOh7Rb/iFUpXMFUODuEITsCHMyjBDZShCgw4PMATPDt3zqPz4rxOS5ecWc8B/JHz9gM/v5A1</latexit>

vmax
<latexit sha1_base64="TKc/Vm/ywrfi7Pzb9CnClveIY+o=">AAAB7nicdVA9SwNBEJ3zM8avRMs0i0GwCnc2WlgEbCwjmA9IQpjb7CVLdveO3b1gOPIjbCwUsfX32Nn5U9wkCvHrwcDjvRlm5oWJ4Mb6/pu3srq2vrGZ28pv7+zu7ReKBw0Tp5qyOo1FrFshGia4YnXLrWCtRDOUoWDNcHQ585tjpg2P1Y2dJKwrcaB4xClaJzXHvUzi7bRXKAcVfw7i/yJfVrla7JTeAaDWK7x2+jFNJVOWCjSmHfiJ7WaoLaeCTfOd1LAE6QgHrO2oQslMN5ufOyXHTumTKNaulCVzdXkiQ2nMRIauU6Idmp/eTPzLa6c2Ou9mXCWpZYouFkWpIDYms99Jn2tGrZg4glRzdyuhQ9RIrUsovxzC/6RxWgn8SnDt0riABXJQgiM4gQDOoApXUIM6UBjBHTzAo5d4996T97xoXfE+Zw7hG7yXD/pIkXI=</latexit><latexit sha1_base64="Np3GYF/3m62jWPoS6pBW2CsVHi0=">AAAB7nicdVC7SgNBFL0bXzG+NlpJmsEgWIVdGy0sAjaWCZgHJEuYncwmQ2Zml5nZYFjyETYWitj6NRZ2+jVOEoX4OnDhcM693HtPmHCmjee9ObmV1bX1jfxmYWt7Z3fPLe43dZwqQhsk5rFqh1hTziRtGGY4bSeKYhFy2gpHlzO/NaZKs1hem0lCA4EHkkWMYGOl1riXCXwz7bllv+LNgbxf5MsqV4vd0nv98KXWc1+7/ZikgkpDONa643uJCTKsDCOcTgvdVNMEkxEe0I6lEguqg2x+7hQdW6WPoljZkgbN1eWJDAutJyK0nQKbof7pzcS/vE5qovMgYzJJDZVksShKOTIxmv2O+kxRYvjEEkwUs7ciMsQKE2MTKiyH8D9pnlZ8r+LXbRoXsEAeSnAEJ+DDGVThCmrQAAIjuIV7eHAS5855dJ4WrTnnc+YAvsF5/gCSqZKk</latexit><latexit sha1_base64="Np3GYF/3m62jWPoS6pBW2CsVHi0=">AAAB7nicdVC7SgNBFL0bXzG+NlpJmsEgWIVdGy0sAjaWCZgHJEuYncwmQ2Zml5nZYFjyETYWitj6NRZ2+jVOEoX4OnDhcM693HtPmHCmjee9ObmV1bX1jfxmYWt7Z3fPLe43dZwqQhsk5rFqh1hTziRtGGY4bSeKYhFy2gpHlzO/NaZKs1hem0lCA4EHkkWMYGOl1riXCXwz7bllv+LNgbxf5MsqV4vd0nv98KXWc1+7/ZikgkpDONa643uJCTKsDCOcTgvdVNMEkxEe0I6lEguqg2x+7hQdW6WPoljZkgbN1eWJDAutJyK0nQKbof7pzcS/vE5qovMgYzJJDZVksShKOTIxmv2O+kxRYvjEEkwUs7ciMsQKE2MTKiyH8D9pnlZ8r+LXbRoXsEAeSnAEJ+DDGVThCmrQAAIjuIV7eHAS5855dJ4WrTnnc+YAvsF5/gCSqZKk</latexit>

ta
<latexit sha1_base64="aEEnJdS3TzqIZpf3/lWD+/f+udk=">AAAB6nicbVDLSgNBEOz1GaPRqEcvg0HwFHa9mGPAi8eI5gHJEmYns8mQ2dllpkcISz7BiwdFvPolfoI3/8bJ46CJBQ1FVTfdXVEmhUHf//Y2Nre2d3YLe8X9g9LhUfn4pGVSqxlvslSmuhNRw6VQvIkCJe9kmtMkkrwdjW9mfvuRayNS9YCTjIcJHSoRC0bRSffYp/1yxa/6c5B1EixJpV76tAQAGv3yV2+QMptwhUxSY7qBn2GYU42CST4t9qzhGWVjOuRdRxVNuAnz+alTcuGUAYlT7Uohmau/J3KaGDNJIteZUByZVW8m/ud1Lca1MBcqs8gVWyyKrSSYktnfZCA0ZygnjlCmhbuVsBHVlKFLp+hCCFZfXietq2rgV4M7l0YNFijAGZzDJQRwDXW4hQY0gcEQnuAFXj3pPXtv3vuidcNbzpzCH3gfP4G0j2I=</latexit><latexit sha1_base64="OEa3XeQi9BlWnbdbhMcMrqJadAM=">AAAB6nicbVDLSgNBEOyNrxiNRj16GQwBT2HXizkGBPEY0TwgWcLsZDYZMju7zPQKYcknePGgiFfxQ/wEb/6Nk8dBEwsaiqpuuruCRAqDrvvt5DY2t7Z38ruFvf3iwWHp6Lhl4lQz3mSxjHUnoIZLoXgTBUreSTSnUSB5Oxhfzfz2A9dGxOoeJwn3IzpUIhSMopXusE/7pbJbdecg68RbknK9+JlWrgsfjX7pqzeIWRpxhUxSY7qem6CfUY2CST4t9FLDE8rGdMi7lioaceNn81OnpGKVAQljbUshmau/JzIaGTOJAtsZURyZVW8m/ud1UwxrfiZUkiJXbLEoTCXBmMz+JgOhOUM5sYQyLeythI2opgxtOgUbgrf68jppXVQ9t+rd2jRqsEAeTuEMzsGDS6jDDTSgCQyG8AjP8OJI58l5dd4WrTlnOXMCf+C8/wDQv5Bd</latexit><latexit sha1_base64="OEa3XeQi9BlWnbdbhMcMrqJadAM=">AAAB6nicbVDLSgNBEOyNrxiNRj16GQwBT2HXizkGBPEY0TwgWcLsZDYZMju7zPQKYcknePGgiFfxQ/wEb/6Nk8dBEwsaiqpuuruCRAqDrvvt5DY2t7Z38ruFvf3iwWHp6Lhl4lQz3mSxjHUnoIZLoXgTBUreSTSnUSB5Oxhfzfz2A9dGxOoeJwn3IzpUIhSMopXusE/7pbJbdecg68RbknK9+JlWrgsfjX7pqzeIWRpxhUxSY7qem6CfUY2CST4t9FLDE8rGdMi7lioaceNn81OnpGKVAQljbUshmau/JzIaGTOJAtsZURyZVW8m/ud1UwxrfiZUkiJXbLEoTCXBmMz+JgOhOUM5sYQyLeythI2opgxtOgUbgrf68jppXVQ9t+rd2jRqsEAeTuEMzsGDS6jDDTSgCQyG8AjP8OJI58l5dd4WrTlnOXMCf+C8/wDQv5Bd</latexit>

tb
<latexit sha1_base64="LhdUwIl4/ofE9lcIoFwNHPGXpoQ=">AAAB6nicbVDLSgNBEOz1GaPRqEcvg0HwFHa9mGPAi8eI5gHJEmYns8mQ2dllpkcISz7BiwdFvPolfoI3/8bJ46CJBQ1FVTfdXVEmhUHf//Y2Nre2d3YLe8X9g9LhUfn4pGVSqxlvslSmuhNRw6VQvIkCJe9kmtMkkrwdjW9mfvuRayNS9YCTjIcJHSoRC0bRSffYj/rlil/15yDrJFiSSr30aQkANPrlr94gZTbhCpmkxnQDP8MwpxoFk3xa7FnDM8rGdMi7jiqacBPm81On5MIpAxKn2pVCMld/T+Q0MWaSRK4zoTgyq95M/M/rWoxrYS5UZpErtlgUW0kwJbO/yUBozlBOHKFMC3crYSOqKUOXTtGFEKy+vE5aV9XArwZ3Lo0aLFCAMziHSwjgGupwCw1oAoMhPMELvHrSe/bevPdF64a3nDmFP/A+fgCDOI9j</latexit><latexit sha1_base64="KUi9ZW0b3uG5mYTjyljLA2xFPfY=">AAAB6nicbVDLSgNBEOyNrxiNRj16GQwBT2HXizkGBPEY0TwgWcLsZDYZMju7zPQKYcknePGgiFfxQ/wEb/6Nk8dBEwsaiqpuuruCRAqDrvvt5DY2t7Z38ruFvf3iwWHp6Lhl4lQz3mSxjHUnoIZLoXgTBUreSTSnUSB5Oxhfzfz2A9dGxOoeJwn3IzpUIhSMopXusB/0S2W36s5B1om3JOV68TOtXBc+Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa6KWGJ5SN6ZB3LVU04sbP5qdOScUqAxLG2pZCMld/T2Q0MmYSBbYzojgyq95M/M/rphjW/EyoJEWu2GJRmEqCMZn9TQZCc4ZyYgllWthbCRtRTRnadAo2BG/15XXSuqh6btW7tWnUYIE8nMIZnIMHl1CHG2hAExgM4RGe4cWRzpPz6rwtWnPOcuYE/sB5/wHSQ5Be</latexit><latexit sha1_base64="KUi9ZW0b3uG5mYTjyljLA2xFPfY=">AAAB6nicbVDLSgNBEOyNrxiNRj16GQwBT2HXizkGBPEY0TwgWcLsZDYZMju7zPQKYcknePGgiFfxQ/wEb/6Nk8dBEwsaiqpuuruCRAqDrvvt5DY2t7Z38ruFvf3iwWHp6Lhl4lQz3mSxjHUnoIZLoXgTBUreSTSnUSB5Oxhfzfz2A9dGxOoeJwn3IzpUIhSMopXusB/0S2W36s5B1om3JOV68TOtXBc+Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa6KWGJ5SN6ZB3LVU04sbP5qdOScUqAxLG2pZCMld/T2Q0MmYSBbYzojgyq95M/M/rphjW/EyoJEWu2GJRmEqCMZn9TQZCc4ZyYgllWthbCRtRTRnadAo2BG/15XXSuqh6btW7tWnUYIE8nMIZnIMHl1CHG2hAExgM4RGe4cWRzpPz6rwtWnPOcuYE/sB5/wHSQ5Be</latexit>

tc
<latexit sha1_base64="A+vOZzpRwn1Iv54L3NXEm39OuWg=">AAAB6nicbVDLSgNBEOz1GaPRqEcvg0HwFHa9mGPAi8eI5gHJEmYns8mQ2dllpkcISz7BiwdFvPolfoI3/8bJ46CJBQ1FVTfdXVEmhUHf//Y2Nre2d3YLe8X9g9LhUfn4pGVSqxlvslSmuhNRw6VQvIkCJe9kmtMkkrwdjW9mfvuRayNS9YCTjIcJHSoRC0bRSffYZ/1yxa/6c5B1EixJpV76tAQAGv3yV2+QMptwhUxSY7qBn2GYU42CST4t9qzhGWVjOuRdRxVNuAnz+alTcuGUAYlT7Uohmau/J3KaGDNJIteZUByZVW8m/ud1Lca1MBcqs8gVWyyKrSSYktnfZCA0ZygnjlCmhbuVsBHVlKFLp+hCCFZfXietq2rgV4M7l0YNFijAGZzDJQRwDXW4hQY0gcEQnuAFXj3pPXtv3vuidcNbzpzCH3gfP4S8j2Q=</latexit><latexit sha1_base64="/XMkNms2KehP8yI8DikUjMsHskM=">AAAB6nicbVDLSgNBEOyNrxiNRj16GQwBT2HXizkGBPEY0TwgWcLsZDYZMju7zPQKYcknePGgiFfxQ/wEb/6Nk8dBEwsaiqpuuruCRAqDrvvt5DY2t7Z38ruFvf3iwWHp6Lhl4lQz3mSxjHUnoIZLoXgTBUreSTSnUSB5Oxhfzfz2A9dGxOoeJwn3IzpUIhSMopXusM/6pbJbdecg68RbknK9+JlWrgsfjX7pqzeIWRpxhUxSY7qem6CfUY2CST4t9FLDE8rGdMi7lioaceNn81OnpGKVAQljbUshmau/JzIaGTOJAtsZURyZVW8m/ud1UwxrfiZUkiJXbLEoTCXBmMz+JgOhOUM5sYQyLeythI2opgxtOgUbgrf68jppXVQ9t+rd2jRqsEAeTuEMzsGDS6jDDTSgCQyG8AjP8OJI58l5dd4WrTlnOXMCf+C8/wDTx5Bf</latexit><latexit sha1_base64="/XMkNms2KehP8yI8DikUjMsHskM=">AAAB6nicbVDLSgNBEOyNrxiNRj16GQwBT2HXizkGBPEY0TwgWcLsZDYZMju7zPQKYcknePGgiFfxQ/wEb/6Nk8dBEwsaiqpuuruCRAqDrvvt5DY2t7Z38ruFvf3iwWHp6Lhl4lQz3mSxjHUnoIZLoXgTBUreSTSnUSB5Oxhfzfz2A9dGxOoeJwn3IzpUIhSMopXusM/6pbJbdecg68RbknK9+JlWrgsfjX7pqzeIWRpxhUxSY7qem6CfUY2CST4t9FLDE8rGdMi7lioaceNn81OnpGKVAQljbUshmau/JzIaGTOJAtsZURyZVW8m/ud1UwxrfiZUkiJXbLEoTCXBmMz+JgOhOUM5sYQyLeythI2opgxtOgUbgrf68jppXVQ9t+rd2jRqsEAeTuEMzsGDS6jDDTSgCQyG8AjP8OJI58l5dd4WrTlnOXMCf+C8/wDTx5Bf</latexit>

td
<latexit sha1_base64="0Wj35OFtlyQgFmPY1MFH6TT8SNw=">AAAB6nicbVDLSgNBEOyNrxiNRj16GQyCp7DrxRwDXjxGNA9IljA7O5sMmZ1dZnoDYcknePGgiFe/xE/w5t84eRw0saChqOqmuytIpTDout9OYWt7Z3evuF86OCwfHVdOTtsmyTTjLZbIRHcDargUirdQoOTdVHMaB5J3gvHt3O9MuDYiUY84Tbkf06ESkWAUrfSAg3BQqbo1dwGySbwVqTbKnxkBgOag8tUPE5bFXCGT1Jie56bo51SjYJLPSv3M8JSyMR3ynqWKxtz4+eLUGbm0SkiiRNtSSBbq74mcxsZM48B2xhRHZt2bi/95vQyjup8LlWbIFVsuijJJMCHzv0koNGcop5ZQpoW9lbAR1ZShTadkQ/DWX94k7eua59a8e5tGHZYowjlcwBV4cAMNuIMmtIDBEJ7gBV4d6Tw7b877srXgrGbO4A+cjx+GQI9l</latexit><latexit sha1_base64="WAF69wL/hg9B4CtPorkeCi4MouY=">AAAB6nicbVBNS8NAEJ3UrxqtVj16CZaCp5J4sceCIB4r2g9oQ9lsNu3SzSbsToQS+hO8eFDEq/hD/Ane/DduPw7a+mDg8d4MM/OCVHCNrvttFTY2t7Z3irv23n7p4LB8dNzWSaYoa9FEJKobEM0El6yFHAXrpoqROBCsE4yvZn7ngSnNE3mPk5T5MRlKHnFK0Eh3OAgH5Ypbc+dw1om3JJVG6TOrXtsfzUH5qx8mNIuZRCqI1j3PTdHPiUJOBZva/UyzlNAxGbKeoZLETPv5/NSpUzVK6ESJMiXRmau/J3ISaz2JA9MZExzpVW8m/uf1Mozqfs5lmiGTdLEoyoSDiTP72wm5YhTFxBBCFTe3OnREFKFo0rFNCN7qy+ukfVHz3Jp3a9KowwJFOIUzOAcPLqEBN9CEFlAYwiM8w4slrCfr1XpbtBas5cwJ/IH1/gPVS5Bg</latexit><latexit sha1_base64="WAF69wL/hg9B4CtPorkeCi4MouY=">AAAB6nicbVBNS8NAEJ3UrxqtVj16CZaCp5J4sceCIB4r2g9oQ9lsNu3SzSbsToQS+hO8eFDEq/hD/Ane/DduPw7a+mDg8d4MM/OCVHCNrvttFTY2t7Z3irv23n7p4LB8dNzWSaYoa9FEJKobEM0El6yFHAXrpoqROBCsE4yvZn7ngSnNE3mPk5T5MRlKHnFK0Eh3OAgH5Ypbc+dw1om3JJVG6TOrXtsfzUH5qx8mNIuZRCqI1j3PTdHPiUJOBZva/UyzlNAxGbKeoZLETPv5/NSpUzVK6ESJMiXRmau/J3ISaz2JA9MZExzpVW8m/uf1Mozqfs5lmiGTdLEoyoSDiTP72wm5YhTFxBBCFTe3OnREFKFo0rFNCN7qy+ukfVHz3Jp3a9KowwJFOIUzOAcPLqEBN9CEFlAYwiM8w4slrCfr1XpbtBas5cwJ/IH1/gPVS5Bg</latexit>

Figure 3: Grafico della legge oraria (1) [curva blu] e della legge oraria della velocità (15) [curva rossa].

6. La velocità media nella tratta di andata Torino-Milano (ad esempio la prima) è data da

v̄ =
D

t1
=

150 · 103m

7854 s
= 19.1

m

s
= 19.1

Km
1000
h

3600

= 68.6 Km/h (16)

Fabrizio Dolcini (http://staff.polito.it/fabrizio.dolcini/)
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7. La velocità massima (in modulo) si ottiene direttamente guardando la (15), ossia

vmax = Dω = 150 · 103m · 2 · 10−4 s−1 = 30m/s = 30
Km
1000
h

3600

= 108 Km/h (17)

e viene raggiunta agli istanti t tali che

v(t) = ±Dω ⇒ Dω sin(2ωt) = ±Dω ⇒ sin(2ωt) = ±1 (18)

ossia agli istanti

ta =
π

4ω
(19)

tb =
3π

4ω
(20)

tc =
5π

4ω
(21)

td =
7π

4ω
(22)

In tali istanti l’auto si trova a

xa = x(ta) = D sin2
(
ω · π

4ω

)
= D sin2(

π

4
) =

D

2
(23)

xb = x(tb) = D sin2

(
ω · 3π

4ω

)
= D sin2(

3π

4
) =

D

2
(24)

xc = x(tc) = D sin2

(
ω · 5π

4ω

)
= D sin2(

5π

4
) =

D

2
(25)

xd = x(td) = D sin2

(
ω · 7π

4ω

)
= D sin2(

7π

4
) =

D

2
(26)

Pertanto il valore assoluto della velocità è sempre raggiunto a metà strada tra Torino e Milano.

8. Dato che Novara si trova alla coordinata x = 2D/3, l’auto si trova a Novara agli istanti t
(compresi nell’intervallo t ∈ [0; 2π/ω] ) tali che

x(t) =
2

3
D ⇒ D sin2(ωt) =

2

3
D ⇒ sin(ωt) = ±

√
2

3
(27)

te =
1

ω
arcsin

√
2

3
' 0.96

ω
(primo passaggio da Novara (direzione MI)) (28)

tf =
1

ω

(
π − arcsin

√
2

3

)
(secondo passaggio da Novara (direzione TO)) (29)

tg =
1

ω

(
π + arcsin

√
2

3

)
(terzo passaggio da Novara (direzione MI)) (30)

th =
1

ω

(
2π − arcsin

√
2

3

)
(quarto passaggio da Novara (direzione TO)) (31)

Fabrizio Dolcini (http://staff.polito.it/fabrizio.dolcini/)
Dipart. di Scienza Applicata e Tecnologia, Politecnico di Torino - Esercizi di Fisica I
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x
<latexit sha1_base64="HmfR3CBLvLPtZg3/lk5xqMfpnEw=">AAAB6HicbZC7SwNBEMbnfMbzFbW0WQyCVbiz0UYM2lgmYB6QhLC3mUvW7O0du3tiOAL2NhaK2PrP2Nv537h5FJr4wcKP75thZyZIBNfG876dpeWV1bX13Ia7ubW9s5vf26/pOFUMqywWsWoEVKPgEquGG4GNRCGNAoH1YHA9zuv3qDSP5a0ZJtiOaE/ykDNqrFV56OQLXtGbiCyCP4PC5ad78QgA5U7+q9WNWRqhNExQrZu+l5h2RpXhTODIbaUaE8oGtIdNi5JGqNvZZNARObZOl4Sxsk8aMnF/d2Q00noYBbYyoqav57Ox+V/WTE143s64TFKDkk0/ClNBTEzGW5MuV8iMGFqgTHE7K2F9qigz9jauPYI/v/Ii1E6Lvlf0K16hdAVT5eAQjuAEfDiDEtxAGarAAOEJXuDVuXOenTfnfVq65Mx6DuCPnI8fVECOxQ==</latexit><latexit sha1_base64="Osm9W4giAgPHApKKxCjv7sOKTd8=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdG23EoI1lAuYCyRJmJ2eTMbMXZmbFsOQJbCwUsdWHsbcR38bJpdDEHwY+/v8c5pzjJ4Ir7TjfVm5peWV1Lb9ub2xube8UdvfqKk4lwxqLRSybPlUoeIQ1zbXAZiKRhr7Ahj+4GueNO5SKx9GNHibohbQX8YAzqo1Vve8Uik7JmYgsgjuD4sWHfZ68f9mVTuGz3Y1ZGmKkmaBKtVwn0V5GpeZM4MhupwoTyga0hy2DEQ1Redlk0BE5Mk6XBLE0L9Jk4v7uyGio1DD0TWVIdV/NZ2Pzv6yV6uDMy3iUpBojNv0oSAXRMRlvTbpcItNiaIAyyc2shPWppEyb29jmCO78yotQPym5TsmtOsXyJUyVhwM4hGNw4RTKcA0VqAEDhAd4gmfr1nq0XqzXaWnOmvXswx9Zbz9Fz5A5</latexit><latexit sha1_base64="Osm9W4giAgPHApKKxCjv7sOKTd8=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdG23EoI1lAuYCyRJmJ2eTMbMXZmbFsOQJbCwUsdWHsbcR38bJpdDEHwY+/v8c5pzjJ4Ir7TjfVm5peWV1Lb9ub2xube8UdvfqKk4lwxqLRSybPlUoeIQ1zbXAZiKRhr7Ahj+4GueNO5SKx9GNHibohbQX8YAzqo1Vve8Uik7JmYgsgjuD4sWHfZ68f9mVTuGz3Y1ZGmKkmaBKtVwn0V5GpeZM4MhupwoTyga0hy2DEQ1Redlk0BE5Mk6XBLE0L9Jk4v7uyGio1DD0TWVIdV/NZ2Pzv6yV6uDMy3iUpBojNv0oSAXRMRlvTbpcItNiaIAyyc2shPWppEyb29jmCO78yotQPym5TsmtOsXyJUyVhwM4hGNw4RTKcA0VqAEDhAd4gmfr1nq0XqzXaWnOmvXswx9Zbz9Fz5A5</latexit>

t
<latexit sha1_base64="LfjryXehj/KANgayZCLB5P6zdA0=">AAAB6HicbZC7SwNBEMbn4ivGV9TSZjEIVuHORhsxaGOZgHlAcoS9zV6yZm/v2J0TwhGwt7FQxNZ/xt7O/8bNo9DEDxZ+fN8MOzNBIoVB1/12ciura+sb+c3C1vbO7l5x/6Bh4lQzXmexjHUroIZLoXgdBUreSjSnUSB5MxjeTPLmA9dGxOoORwn3I9pXIhSMorVq2C2W3LI7FVkGbw6lq8/C5SMAVLvFr04vZmnEFTJJjWl7boJ+RjUKJvm40EkNTygb0j5vW1Q04sbPpoOOyYl1eiSMtX0KydT93ZHRyJhRFNjKiOLALGYT87+snWJ44WdCJSlyxWYfhakkGJPJ1qQnNGcoRxYo08LOStiAasrQ3qZgj+AtrrwMjbOy55a9mluqXMNMeTiCYzgFD86hArdQhTow4PAEL/Dq3DvPzpvzPivNOfOeQ/gj5+MHTjCOwQ==</latexit><latexit sha1_base64="DXgNIhl4hFnwccdx6FVzAkB9s5c=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2MpuMmZ1dZs4KYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSKQw6HnfztLyyuraem7D3dza3tnN7+3XTJxqxqsslrFuBNRwKRSvokDJG4nmNAokrweD63Fev+faiFjd4jDh7Yj2lAgFo2itCnbyBa/oTUQWwZ9B4fLDvUjev9xyJ//Z6sYsjbhCJqkxTd9LsJ1RjYJJPnJbqeEJZQPa402LikbctLPJoCNybJ0uCWNtn0IycX93ZDQyZhgFtjKi2Dfz2dj8L2umGJ63M6GSFLli04/CVBKMyXhr0hWaM5RDC5RpYWclrE81ZWhv49oj+PMrL0LttOh7Rb/iFUpXMFUODuEITsCHMyjBDZShCgw4PMATPDt3zqPz4rxOS5ecWc8B/JHz9gM/v5A1</latexit><latexit sha1_base64="DXgNIhl4hFnwccdx6FVzAkB9s5c=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2MpuMmZ1dZs4KYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSKQw6HnfztLyyuraem7D3dza3tnN7+3XTJxqxqsslrFuBNRwKRSvokDJG4nmNAokrweD63Fev+faiFjd4jDh7Yj2lAgFo2itCnbyBa/oTUQWwZ9B4fLDvUjev9xyJ//Z6sYsjbhCJqkxTd9LsJ1RjYJJPnJbqeEJZQPa402LikbctLPJoCNybJ0uCWNtn0IycX93ZDQyZhgFtjKi2Dfz2dj8L2umGJ63M6GSFLli04/CVBKMyXhr0hWaM5RDC5RpYWclrE81ZWhv49oj+PMrL0LttOh7Rb/iFUpXMFUODuEITsCHMyjBDZShCgw4PMATPDt3zqPz4rxOS5ecWc8B/JHz9gM/v5A1</latexit>

TO

MI

NO

2

3
D

<latexit sha1_base64="aFsxWZ4xWlZKO9bkCEuxZvpkAec=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKezGgzkG9OAxgnlAsoTZSW8yZHZ2nZkNhCWfIV48KOLVj/Hm3zh5HDSxoKGo6qa7K0gE18Z1v53cxubW9k5+t7C3f3B4VDw+aeo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDPzW2NUmsfywUwS9CM6kDzkjBor+d1QUZZVptnVlNz2iiW37M5B1om3JKWa++QRAKj3il/dfszSCKVhgmrd8dzE+BlVhjOB00I31ZhQNqID7FgqaYTaz+ZHT8mFVfokjJUtachc/T2R0UjrSRTYzoiaoV71ZuJ/Xic1YdXPuExSg5ItFoWpICYmswRInytkRkwsoUxxeythQ2pzMDangg3BW315nTQrZc8te/c2jSoskIczOIdL8OAaanAHdWgAg0d4hld4c8bOi/PufCxac85y5hT+wPn8AfDgkvU=</latexit><latexit sha1_base64="Fj3u9E+wpgFFQsHheTG1Z8EifQg=">AAAB9HicbVDLSsNAFL2pr1pfUZduhhbBVUnqwi4LunBZwT6gDWUynbRDJ5M4MymUkM8QNy4UcetW8DPc+RH+g9PHQlsPXDiccy/33uPHnCntOF9Wbm19Y3Mrv13Y2d3bP7APj5oqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8keXU781plKxSNzqSUy9EA8ECxjB2kheN5CYpJUsPc/QVc8uOWVnBrRK3AUp1Zx7t/j+8V3v2Z/dfkSSkApNOFaq4zqx9lIsNSOcZoVuomiMyQgPaMdQgUOqvHR2dIZOjdJHQSRNCY1m6u+JFIdKTULfdIZYD9WyNxX/8zqJDqpeykScaCrIfFGQcKQjNE0A9ZmkRPOJIZhIZm5FZIhNDtrkVDAhuMsvr5Jmpew6ZffGpFGFOfJwAkU4AxcuoAbXUIcGELiDB3iCZ2tsPVov1uu8NWctZo7hD6y3Hx0qlVU=</latexit><latexit sha1_base64="Fj3u9E+wpgFFQsHheTG1Z8EifQg=">AAAB9HicbVDLSsNAFL2pr1pfUZduhhbBVUnqwi4LunBZwT6gDWUynbRDJ5M4MymUkM8QNy4UcetW8DPc+RH+g9PHQlsPXDiccy/33uPHnCntOF9Wbm19Y3Mrv13Y2d3bP7APj5oqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8keXU781plKxSNzqSUy9EA8ECxjB2kheN5CYpJUsPc/QVc8uOWVnBrRK3AUp1Zx7t/j+8V3v2Z/dfkSSkApNOFaq4zqx9lIsNSOcZoVuomiMyQgPaMdQgUOqvHR2dIZOjdJHQSRNCY1m6u+JFIdKTULfdIZYD9WyNxX/8zqJDqpeykScaCrIfFGQcKQjNE0A9ZmkRPOJIZhIZm5FZIhNDtrkVDAhuMsvr5Jmpew6ZffGpFGFOfJwAkU4AxcuoAbXUIcGELiDB3iCZ2tsPVov1uu8NWctZo7hD6y3Hx0qlVU=</latexit>

te
<latexit sha1_base64="L+i8AXdc7gqG8bOvh2PwOstKWZU=">AAAB6nicbVDLSgNBEOz1GaPRqEcvg0HwFHa9mGPAi8eI5gHJEmYnvcmQ2QczvUJY8glePCji1S/xE7z5N04eB00saCiquunuClIlDbnut7OxubW9s1vYK+4flA6PyscnLZNkWmBTJCrRnYAbVDLGJklS2Ek18ihQ2A7GNzO//YjayCR+oEmKfsSHsQyl4GSle+pjv1xxq+4cbJ14S1Kplz4zBgCNfvmrN0hEFmFMQnFjup6bkp9zTVIonBZ7mcGUizEfYtfSmEdo/Hx+6pRdWGXAwkTbionN1d8TOY+MmUSB7Yw4jcyqNxP/87oZhTU/l3GaEcZisSjMFKOEzf5mA6lRkJpYwoWW9lYmRlxzQTadog3BW315nbSuqp5b9e5sGjVYoABncA6X4ME11OEWGtAEAUN4ghd4dZTz7Lw574vWDWc5cwp/4Hz8AIfEj2Y=</latexit><latexit sha1_base64="16xReqKo/RPZ+wi//VgKvyeePHg=">AAAB6nicbVDLSgNBEJyNrxiNRj16GQwBT2HXizkGBPEY0TwgWcLspDcZMju7zPQKYcknePGgiFfxQ/wEb/6Nk8dBEwsaiqpuuruCRAqDrvvt5DY2t7Z38ruFvf3iwWHp6Lhl4lRzaPJYxroTMANSKGiiQAmdRAOLAgntYHw189sPoI2I1T1OEvAjNlQiFJyhle6wD/1S2a26c9B14i1JuV78TCvXhY9Gv/TVG8Q8jUAhl8yYrucm6GdMo+ASpoVeaiBhfMyG0LVUsQiMn81PndKKVQY0jLUthXSu/p7IWGTMJApsZ8RwZFa9mfif100xrPmZUEmKoPhiUZhKijGd/U0HQgNHObGEcS3srZSPmGYcbToFG4K3+vI6aV1UPbfq3do0amSBPDklZ+SceOSS1MkNaZAm4WRIHskzeXGk8+S8Om+L1pyznDkhf+C8/wDWz5Bh</latexit><latexit sha1_base64="16xReqKo/RPZ+wi//VgKvyeePHg=">AAAB6nicbVDLSgNBEJyNrxiNRj16GQwBT2HXizkGBPEY0TwgWcLspDcZMju7zPQKYcknePGgiFfxQ/wEb/6Nk8dBEwsaiqpuuruCRAqDrvvt5DY2t7Z38ruFvf3iwWHp6Lhl4lRzaPJYxroTMANSKGiiQAmdRAOLAgntYHw189sPoI2I1T1OEvAjNlQiFJyhle6wD/1S2a26c9B14i1JuV78TCvXhY9Gv/TVG8Q8jUAhl8yYrucm6GdMo+ASpoVeaiBhfMyG0LVUsQiMn81PndKKVQY0jLUthXSu/p7IWGTMJApsZ8RwZFa9mfif100xrPmZUEmKoPhiUZhKijGd/U0HQgNHObGEcS3srZSPmGYcbToFG4K3+vI6aV1UPbfq3do0amSBPDklZ+SceOSS1MkNaZAm4WRIHskzeXGk8+S8Om+L1pyznDkhf+C8/wDWz5Bh</latexit>

tf
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Figure 4: Gli istanti in cui l’auto passa da Novara.
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Figure 5:
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