
Handout 20.1
Calculating Torque 

CONCEPT: Torque (“moment” in engineering) is the rotational counterpart of force.  It is a 
measure of the ability of a force to cause or change the rotation of an object.


The torque   about a point P, called the pivot or fulcrum, is given by the cross product 
between the position vector   and the force vector 	   .







MAGNITUDE: The magnitude of the torque about a pivot point is given by:

𝝉 = r F sin 𝜙 


where: 

• r is the magnitude of the position vector  ,   

it is the distance from the pivot to the point of application of the force (see Fig. a);

• F is the magnitude of the force; and

• 𝜙 is the angle between the tails of and  (see Fig. b).




DIRECTION: The torque vector is perpendicular to the plane defined by vectors. and 
In the example above, the torque points along the +z-axis, out of the page.


Use the right-hand rule to determine direction (see Fig. c).  By convention, the direction of 
the torque is considered:


  positive (+z-axis) if it causes a counterclockwise (ccw) rotation; and

 negative (–z-axis) if it causes a clockwise (cw) rotation.   





VISUALIZING TORQUE:

Torque requires a perpendicular component between the 
vectors   and  


There are two ways of defining it:

1. due to the component of the force perpendicular to  

2. due to the component of  perpendicular to the force. 
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Note:

• Both methods of visualizing torque are equivalent and provide the same result.  

• Select a method based on whether you know r or r⊥.

• Recall that when the line of action of a force crosses the pivot, the torque exerted by 

that force is zero.

Method 1 Method 2

• identify the line of action, the imaginary 
line along which the force acts;


• identify the moment or lever arm r⊥, 
which is the minimum distance from the 
pivot to the line of action.

toque due to distance r multiplied by the 
perpendicular component of the force: 

torque due to moment arm r⊥ multiplied 
by the force:

𝝉 = r ( F⊥ ) 𝝉 = ( r⊥ ) F

• identify the vector , from the pivot to 
the point of application of the force;


• identify F⊥, the component of the force 
perpendicular to (while F∥ is the 
component parallel to ). 
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~F?

<latexit sha1_base64="u9TMEQQeNSSFs00iBW82if+WvJU=">AAACEHicbZC7SgNBFIZn4y3G26qlzWIQrcKuBLWwCAhiGcFcILuE2clJMmT2wszZQFj2EWx8FRsLRWwt7XwbJ8kWmnhghp//P4eZ8/mx4Apt+9sorKyurW8UN0tb2zu7e+b+QVNFiWTQYJGIZNunCgQPoYEcBbRjCTTwBbT80c00b41BKh6FDziJwQvoIOR9zihqq2ueumNg6W3WTV3FJI8xv3EiIHVjKqkQILKsa5btij0ra1k4uSiTvOpd88vtRSwJIEQmqFIdx47RS6lEzgRkJTdREFM2ogPoaBnSAJSXzhbKrBPt9Kx+JPUJ0Zq5vydSGig1CXzdGVAcqsVsav6XdRLsX3kpD+MEIWTzh/qJsDCypnSsHpfAUEy0oBqE/qvFhhoCQ82wpCE4iysvi+Z5xbmoVO+r5dp1jqNIjsgxOSMOuSQ1ckfqpEEYeSTP5JW8GU/Gi/FufMxbC0Y+c0j+lPH5A3Abnrs=</latexit>

~Fk

<latexit sha1_base64="91sMDoB+Z9LxPADkHJn8WcZs5Rk=">AAACDHicbVDLSsNAFJ3UV62vqks3wSK4KomIunBREMRlBfuAppTJ9LYdOkmGmZtCCPkAN/6KGxeKuPUD3Pk3TtsstPXADIdzzmXmHl8KrtFxvq3Cyura+kZxs7S1vbO7V94/aOooVgwaLBKRavtUg+AhNJCjgLZUQANfQMsf30z91gSU5lH4gImEbkCHIR9wRtFIvXLFmwBLb7Ne6mmmuMT8xkRA6klQMstMyqk6M9jLxM1JheSo98pfXj9icQAhMkG17riOxG5KFXImICt5sQZJ2ZgOoWNoSAPQ3XS2TGafGKVvDyJlToj2TP09kdJA6yTwTTKgONKL3lT8z+vEOLjqpjyUMULI5g8NYmFjZE+bsftcAUORGEJNCeavNhtRRRma/kqmBHdx5WXSPKu6F9Xz+/NK7Tqvo0iOyDE5JS65JDVyR+qkQRh5JM/klbxZT9aL9W59zKMFK585JH9gff4ANjmc/Q==</latexit>

~F?

<latexit sha1_base64="u9TMEQQeNSSFs00iBW82if+WvJU=">AAACEHicbZC7SgNBFIZn4y3G26qlzWIQrcKuBLWwCAhiGcFcILuE2clJMmT2wszZQFj2EWx8FRsLRWwt7XwbJ8kWmnhghp//P4eZ8/mx4Apt+9sorKyurW8UN0tb2zu7e+b+QVNFiWTQYJGIZNunCgQPoYEcBbRjCTTwBbT80c00b41BKh6FDziJwQvoIOR9zihqq2ueumNg6W3WTV3FJI8xv3EiIHVjKqkQILKsa5btij0ra1k4uSiTvOpd88vtRSwJIEQmqFIdx47RS6lEzgRkJTdREFM2ogPoaBnSAJSXzhbKrBPt9Kx+JPUJ0Zq5vydSGig1CXzdGVAcqsVsav6XdRLsX3kpD+MEIWTzh/qJsDCypnSsHpfAUEy0oBqE/qvFhhoCQ82wpCE4iysvi+Z5xbmoVO+r5dp1jqNIjsgxOSMOuSQ1ckfqpEEYeSTP5JW8GU/Gi/FufMxbC0Y+c0j+lPH5A3Abnrs=</latexit>

~Fk

𝜙
<latexit sha1_base64="9QVR1bJhpON5fkz6hnIE9m3Zk9g=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1IOHgiAeK9gPaEPZbCft0s0m7G4KJfRHePGgiFd/jzf/jds2B219MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo7uZ3xqj0jyWT2aSoB/RgeQhZ9RYqdUdI8vup71yxa26c5BV4uWkAjnqvfJXtx+zNEJpmKBadzw3MX5GleFM4LTUTTUmlI3oADuWShqh9rP5uVNyZpU+CWNlSxoyV39PZDTSehIFtjOiZqiXvZn4n9dJTXjjZ1wmqUHJFovCVBATk9nvpM8VMiMmllCmuL2VsCFVlBmbUMmG4C2/vEqaF1Xvqnr5eFmp3eZxFOEETuEcPLiGGjxAHRrAYATP8ApvTuK8OO/Ox6K14OQzx/AHzucPZwmPmw==</latexit>

~F

<latexit sha1_base64="71O/JtfX4nn7QOl6MlDcWjw5iys=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqIVFwMYygvmA5Ah7m7lkyd7esbsXCEd+hI2FIrb+Hjv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH4/u5356g0jyWT2aaoB/RoeQhZ9RYqd2bIMvUrF+uuFV3AbJOvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJV6qcaEsjEdYtdSSSPUfrY4d0YurDIgYaxsSUMW6u+JjEZaT6PAdkbUjPSqNxf/87qpCW/9jMskNSjZclGYCmJiMv+dDLhCZsTUEsoUt7cSNqKKMmMTKtkQvNWX10nrqupdV2uPtUr9Lo+jCGdwDpfgwQ3U4QEa0AQGY3iGV3hzEufFeXc+lq0FJ585hT9wPn8AqeWPxw==</latexit>

~r

𝜙
<latexit sha1_base64="9QVR1bJhpON5fkz6hnIE9m3Zk9g=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1IOHgiAeK9gPaEPZbCft0s0m7G4KJfRHePGgiFd/jzf/jds2B219MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo7uZ3xqj0jyWT2aSoB/RgeQhZ9RYqdUdI8vup71yxa26c5BV4uWkAjnqvfJXtx+zNEJpmKBadzw3MX5GleFM4LTUTTUmlI3oADuWShqh9rP5uVNyZpU+CWNlSxoyV39PZDTSehIFtjOiZqiXvZn4n9dJTXjjZ1wmqUHJFovCVBATk9nvpM8VMiMmllCmuL2VsCFVlBmbUMmG4C2/vEqaF1Xvqnr5eFmp3eZxFOEETuEcPLiGGjxAHRrAYATP8ApvTuK8OO/Ox6K14OQzx/AHzucPZwmPmw==</latexit>

~F

<latexit sha1_base64="71O/JtfX4nn7QOl6MlDcWjw5iys=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqIVFwMYygvmA5Ah7m7lkyd7esbsXCEd+hI2FIrb+Hjv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH4/u5356g0jyWT2aaoB/RoeQhZ9RYqd2bIMvUrF+uuFV3AbJOvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJV6qcaEsjEdYtdSSSPUfrY4d0YurDIgYaxsSUMW6u+JjEZaT6PAdkbUjPSqNxf/87qpCW/9jMskNSjZclGYCmJiMv+dDLhCZsTUEsoUt7cSNqKKMmMTKtkQvNWX10nrqupdV2uPtUr9Lo+jCGdwDpfgwQ3U4QEa0AQGY3iGV3hzEufFeXc+lq0FJ585hT9wPn8AqeWPxw==</latexit>

~r

<latexit sha1_base64="9evQ3okAaooDlKK9u6bbBTFZUNY=">AAACBnicbVBNS8NAEN3Ur1q/oh5FCBbBU0mkqAcPBS8eK9gPaELZbKft0k2y7E6EEnry4l/x4kERr/4Gb/4bt20O2vpghsd7M+zOC6XgGl332yqsrK6tbxQ3S1vbO7t79v5BUyepYtBgiUhUO6QaBI+hgRwFtKUCGoUCWuHoZuq3HkBpnsT3OJYQRHQQ8z5nFI3UtY9VN/M1U1xi3nEsIPMlKDmZdO2yW3FncJaJl5MyyVHv2l9+L2FpBDEyQbXueK7EIKMKORMwKfmpBknZiA6gY2hMI9BBNjtj4pwapef0E2UqRmem/t7IaKT1OArNZERxqBe9qfif10mxfxVkPJYpQszmD/VT4WDiTDNxelwBQzE2hJoQzF8dNqSKMjTJlUwI3uLJy6R5XvEuKtW7arl2ncdRJEfkhJwRj1ySGrklddIgjDySZ/JK3qwn68V6tz7mowUr3zkkf2B9/gBoP5pb</latexit>r?

<latexit sha1_base64="UM0wQ16tDLufYEa3y0P9pZtg+l4=">AAACFHicbVBNSwMxEM36bf2qevQSLIIglF0p6kFBEIrHCrYWuqVk06kNZrMhmRXK0h/hxb/ixYMiXj1489+YtnvQ6oMZHu/NkMyLtBQWff/Lm5mdm19YXFourKyurW8UN7caNkkNhzpPZGKaEbMghYI6CpTQ1AZYHEm4ie4uRv7NPRgrEnWNAw3tmN0q0ROcoZM6xYNqJwstN0Jj3nEgIQs1GD0c0jNapaEVioa6LzrFkl/2x6B/SZCTEslR6xQ/w27C0xgUcsmsbQW+xnbGDAouYVgIUwua8Tt2Cy1HFYvBtrPxUUO655Qu7SXGlUI6Vn9uZCy2dhBHbjJm2LfT3kj8z2ul2DtpZ0LpFEHxyUO9VFJM6Cgh2hUGOMqBI8xF4v5KeZ8ZxtHlWHAhBNMn/yWNw3JwVK5cVUrnp3kcS2SH7JJ9EpBjck4uSY3UCScP5Im8kFfv0Xv23rz3yeiMl+9sk1/wPr4BabWfAQ==</latexit>

F? = F sin�

<latexit sha1_base64="bkwuHiBXVMLSz6FNlR/yzD0tEC4=">AAACFHicbVBNSwMxEM36bf2qevQSLIIglF0p6kGh4MWjgq1Ct5RsOrXBbDYks8Ky7I/w4l/x4kERrx68+W9M2z349WCGx3szJPMiLYVF3//0pqZnZufmFxYrS8srq2vV9Y22TVLDocUTmZjriFmQQkELBUq41gZYHEm4im5PR/7VHRgrEnWJmYZuzG6UGAjO0Em96p7p5aHlRmgsO2YS8lCD0UVBT6ihoRWKhnooetWaX/fHoH9JUJIaKXHeq36E/YSnMSjkklnbCXyN3ZwZFFxCUQlTC5rxW3YDHUcVi8F28/FRBd1xSp8OEuNKIR2r3zdyFlubxZGbjBkO7W9vJP7ndVIcHHVzoXSKoPjkoUEqKSZ0lBDtCwMcZeYIc5G4v1I+ZIZxdDlWXAjB75P/kvZ+PTioNy4ateZxGccC2SLbZJcE5JA0yRk5Jy3CyT15JM/kxXvwnrxX720yOuWVO5vkB7z3L/gFn1k=</latexit>

r? = r sin�

line of

action

𝜙

2023FA

<latexit sha1_base64="91sMDoB+Z9LxPADkHJn8WcZs5Rk=">AAACDHicbVDLSsNAFJ3UV62vqks3wSK4KomIunBREMRlBfuAppTJ9LYdOkmGmZtCCPkAN/6KGxeKuPUD3Pk3TtsstPXADIdzzmXmHl8KrtFxvq3Cyura+kZxs7S1vbO7V94/aOooVgwaLBKRavtUg+AhNJCjgLZUQANfQMsf30z91gSU5lH4gImEbkCHIR9wRtFIvXLFmwBLb7Ne6mmmuMT8xkRA6klQMstMyqk6M9jLxM1JheSo98pfXj9icQAhMkG17riOxG5KFXImICt5sQZJ2ZgOoWNoSAPQ3XS2TGafGKVvDyJlToj2TP09kdJA6yTwTTKgONKL3lT8z+vEOLjqpjyUMULI5g8NYmFjZE+bsftcAUORGEJNCeavNhtRRRma/kqmBHdx5WXSPKu6F9Xz+/NK7Tqvo0iOyDE5JS65JDVyR+qkQRh5JM/klbxZT9aL9W59zKMFK585JH9gff4ANjmc/Q==</latexit>

~F?

<latexit sha1_base64="u9TMEQQeNSSFs00iBW82if+WvJU=">AAACEHicbZC7SgNBFIZn4y3G26qlzWIQrcKuBLWwCAhiGcFcILuE2clJMmT2wszZQFj2EWx8FRsLRWwt7XwbJ8kWmnhghp//P4eZ8/mx4Apt+9sorKyurW8UN0tb2zu7e+b+QVNFiWTQYJGIZNunCgQPoYEcBbRjCTTwBbT80c00b41BKh6FDziJwQvoIOR9zihqq2ueumNg6W3WTV3FJI8xv3EiIHVjKqkQILKsa5btij0ra1k4uSiTvOpd88vtRSwJIEQmqFIdx47RS6lEzgRkJTdREFM2ogPoaBnSAJSXzhbKrBPt9Kx+JPUJ0Zq5vydSGig1CXzdGVAcqsVsav6XdRLsX3kpD+MEIWTzh/qJsDCypnSsHpfAUEy0oBqE/qvFhhoCQ82wpCE4iysvi+Z5xbmoVO+r5dp1jqNIjsgxOSMOuSQ1ckfqpEEYeSTP5JW8GU/Gi/FufMxbC0Y+c0j+lPH5A3Abnrs=</latexit>

~Fk

<latexit sha1_base64="91sMDoB+Z9LxPADkHJn8WcZs5Rk=">AAACDHicbVDLSsNAFJ3UV62vqks3wSK4KomIunBREMRlBfuAppTJ9LYdOkmGmZtCCPkAN/6KGxeKuPUD3Pk3TtsstPXADIdzzmXmHl8KrtFxvq3Cyura+kZxs7S1vbO7V94/aOooVgwaLBKRavtUg+AhNJCjgLZUQANfQMsf30z91gSU5lH4gImEbkCHIR9wRtFIvXLFmwBLb7Ne6mmmuMT8xkRA6klQMstMyqk6M9jLxM1JheSo98pfXj9icQAhMkG17riOxG5KFXImICt5sQZJ2ZgOoWNoSAPQ3XS2TGafGKVvDyJlToj2TP09kdJA6yTwTTKgONKL3lT8z+vEOLjqpjyUMULI5g8NYmFjZE+bsftcAUORGEJNCeavNhtRRRma/kqmBHdx5WXSPKu6F9Xz+/NK7Tqvo0iOyDE5JS65JDVyR+qkQRh5JM/klbxZT9aL9W59zKMFK585JH9gff4ANjmc/Q==</latexit>

~F?

<latexit sha1_base64="u9TMEQQeNSSFs00iBW82if+WvJU=">AAACEHicbZC7SgNBFIZn4y3G26qlzWIQrcKuBLWwCAhiGcFcILuE2clJMmT2wszZQFj2EWx8FRsLRWwt7XwbJ8kWmnhghp//P4eZ8/mx4Apt+9sorKyurW8UN0tb2zu7e+b+QVNFiWTQYJGIZNunCgQPoYEcBbRjCTTwBbT80c00b41BKh6FDziJwQvoIOR9zihqq2ueumNg6W3WTV3FJI8xv3EiIHVjKqkQILKsa5btij0ra1k4uSiTvOpd88vtRSwJIEQmqFIdx47RS6lEzgRkJTdREFM2ogPoaBnSAJSXzhbKrBPt9Kx+JPUJ0Zq5vydSGig1CXzdGVAcqsVsav6XdRLsX3kpD+MEIWTzh/qJsDCypnSsHpfAUEy0oBqE/qvFhhoCQ82wpCE4iysvi+Z5xbmoVO+r5dp1jqNIjsgxOSMOuSQ1ckfqpEEYeSTP5JW8GU/Gi/FufMxbC0Y+c0j+lPH5A3Abnrs=</latexit>

~Fk

𝜙
<latexit sha1_base64="9QVR1bJhpON5fkz6hnIE9m3Zk9g=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1IOHgiAeK9gPaEPZbCft0s0m7G4KJfRHePGgiFd/jzf/jds2B219MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo7uZ3xqj0jyWT2aSoB/RgeQhZ9RYqdUdI8vup71yxa26c5BV4uWkAjnqvfJXtx+zNEJpmKBadzw3MX5GleFM4LTUTTUmlI3oADuWShqh9rP5uVNyZpU+CWNlSxoyV39PZDTSehIFtjOiZqiXvZn4n9dJTXjjZ1wmqUHJFovCVBATk9nvpM8VMiMmllCmuL2VsCFVlBmbUMmG4C2/vEqaF1Xvqnr5eFmp3eZxFOEETuEcPLiGGjxAHRrAYATP8ApvTuK8OO/Ox6K14OQzx/AHzucPZwmPmw==</latexit>

~F

<latexit sha1_base64="71O/JtfX4nn7QOl6MlDcWjw5iys=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqIVFwMYygvmA5Ah7m7lkyd7esbsXCEd+hI2FIrb+Hjv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH4/u5356g0jyWT2aaoB/RoeQhZ9RYqd2bIMvUrF+uuFV3AbJOvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJV6qcaEsjEdYtdSSSPUfrY4d0YurDIgYaxsSUMW6u+JjEZaT6PAdkbUjPSqNxf/87qpCW/9jMskNSjZclGYCmJiMv+dDLhCZsTUEsoUt7cSNqKKMmMTKtkQvNWX10nrqupdV2uPtUr9Lo+jCGdwDpfgwQ3U4QEa0AQGY3iGV3hzEufFeXc+lq0FJ585hT9wPn8AqeWPxw==</latexit>

~r

<latexit sha1_base64="9QVR1bJhpON5fkz6hnIE9m3Zk9g=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1IOHgiAeK9gPaEPZbCft0s0m7G4KJfRHePGgiFd/jzf/jds2B219MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo7uZ3xqj0jyWT2aSoB/RgeQhZ9RYqdUdI8vup71yxa26c5BV4uWkAjnqvfJXtx+zNEJpmKBadzw3MX5GleFM4LTUTTUmlI3oADuWShqh9rP5uVNyZpU+CWNlSxoyV39PZDTSehIFtjOiZqiXvZn4n9dJTXjjZ1wmqUHJFovCVBATk9nvpM8VMiMmllCmuL2VsCFVlBmbUMmG4C2/vEqaF1Xvqnr5eFmp3eZxFOEETuEcPLiGGjxAHRrAYATP8ApvTuK8OO/Ox6K14OQzx/AHzucPZwmPmw==</latexit>

~F

<latexit sha1_base64="71O/JtfX4nn7QOl6MlDcWjw5iys=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqIVFwMYygvmA5Ah7m7lkyd7esbsXCEd+hI2FIrb+Hjv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH4/u5356g0jyWT2aaoB/RoeQhZ9RYqd2bIMvUrF+uuFV3AbJOvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJV6qcaEsjEdYtdSSSPUfrY4d0YurDIgYaxsSUMW6u+JjEZaT6PAdkbUjPSqNxf/87qpCW/9jMskNSjZclGYCmJiMv+dDLhCZsTUEsoUt7cSNqKKMmMTKtkQvNWX10nrqupdV2uPtUr9Lo+jCGdwDpfgwQ3U4QEa0AQGY3iGV3hzEufFeXc+lq0FJ585hT9wPn8AqeWPxw==</latexit>

~r

<latexit sha1_base64="9evQ3okAaooDlKK9u6bbBTFZUNY=">AAACBnicbVBNS8NAEN3Ur1q/oh5FCBbBU0mkqAcPBS8eK9gPaELZbKft0k2y7E6EEnry4l/x4kERr/4Gb/4bt20O2vpghsd7M+zOC6XgGl332yqsrK6tbxQ3S1vbO7t79v5BUyepYtBgiUhUO6QaBI+hgRwFtKUCGoUCWuHoZuq3HkBpnsT3OJYQRHQQ8z5nFI3UtY9VN/M1U1xi3nEsIPMlKDmZdO2yW3FncJaJl5MyyVHv2l9+L2FpBDEyQbXueK7EIKMKORMwKfmpBknZiA6gY2hMI9BBNjtj4pwapef0E2UqRmem/t7IaKT1OArNZERxqBe9qfif10mxfxVkPJYpQszmD/VT4WDiTDNxelwBQzE2hJoQzF8dNqSKMjTJlUwI3uLJy6R5XvEuKtW7arl2ncdRJEfkhJwRj1ySGrklddIgjDySZ/JK3qwn68V6tz7mowUr3zkkf2B9/gBoP5pb</latexit>r?

<latexit sha1_base64="UM0wQ16tDLufYEa3y0P9pZtg+l4=">AAACFHicbVBNSwMxEM36bf2qevQSLIIglF0p6kFBEIrHCrYWuqVk06kNZrMhmRXK0h/hxb/ixYMiXj1489+YtnvQ6oMZHu/NkMyLtBQWff/Lm5mdm19YXFourKyurW8UN7caNkkNhzpPZGKaEbMghYI6CpTQ1AZYHEm4ie4uRv7NPRgrEnWNAw3tmN0q0ROcoZM6xYNqJwstN0Jj3nEgIQs1GD0c0jNapaEVioa6LzrFkl/2x6B/SZCTEslR6xQ/w27C0xgUcsmsbQW+xnbGDAouYVgIUwua8Tt2Cy1HFYvBtrPxUUO655Qu7SXGlUI6Vn9uZCy2dhBHbjJm2LfT3kj8z2ul2DtpZ0LpFEHxyUO9VFJM6Cgh2hUGOMqBI8xF4v5KeZ8ZxtHlWHAhBNMn/yWNw3JwVK5cVUrnp3kcS2SH7JJ9EpBjck4uSY3UCScP5Im8kFfv0Xv23rz3yeiMl+9sk1/wPr4BabWfAQ==</latexit>

F? = F sin�

<latexit sha1_base64="bkwuHiBXVMLSz6FNlR/yzD0tEC4=">AAACFHicbVBNSwMxEM36bf2qevQSLIIglF0p6kGh4MWjgq1Ct5RsOrXBbDYks8Ky7I/w4l/x4kERrx68+W9M2z349WCGx3szJPMiLYVF3//0pqZnZufmFxYrS8srq2vV9Y22TVLDocUTmZjriFmQQkELBUq41gZYHEm4im5PR/7VHRgrEnWJmYZuzG6UGAjO0Em96p7p5aHlRmgsO2YS8lCD0UVBT6ihoRWKhnooetWaX/fHoH9JUJIaKXHeq36E/YSnMSjkklnbCXyN3ZwZFFxCUQlTC5rxW3YDHUcVi8F28/FRBd1xSp8OEuNKIR2r3zdyFlubxZGbjBkO7W9vJP7ndVIcHHVzoXSKoPjkoUEqKSZ0lBDtCwMcZeYIc5G4v1I+ZIZxdDlWXAjB75P/kvZ+PTioNy4ateZxGccC2SLbZJcE5JA0yRk5Jy3CyT15JM/kxXvwnrxX720yOuWVO5vkB7z3L/gFn1k=</latexit>

r? = r sin�

line of

action

2023FA

r known

r_perp knownr = r_perp

2023FA

r known

r_perp knownr = r_perp

2023FA

r known

r_perp knownr = r_perpr is known, r = 3 units r⊥ is known, r⊥ = 4 units r = r⊥

<latexit sha1_base64="91sMDoB+Z9LxPADkHJn8WcZs5Rk=">AAACDHicbVDLSsNAFJ3UV62vqks3wSK4KomIunBREMRlBfuAppTJ9LYdOkmGmZtCCPkAN/6KGxeKuPUD3Pk3TtsstPXADIdzzmXmHl8KrtFxvq3Cyura+kZxs7S1vbO7V94/aOooVgwaLBKRavtUg+AhNJCjgLZUQANfQMsf30z91gSU5lH4gImEbkCHIR9wRtFIvXLFmwBLb7Ne6mmmuMT8xkRA6klQMstMyqk6M9jLxM1JheSo98pfXj9icQAhMkG17riOxG5KFXImICt5sQZJ2ZgOoWNoSAPQ3XS2TGafGKVvDyJlToj2TP09kdJA6yTwTTKgONKL3lT8z+vEOLjqpjyUMULI5g8NYmFjZE+bsftcAUORGEJNCeavNhtRRRma/kqmBHdx5WXSPKu6F9Xz+/NK7Tqvo0iOyDE5JS65JDVyR+qkQRh5JM/klbxZT9aL9W59zKMFK585JH9gff4ANjmc/Q==</latexit>

~F?
<latexit sha1_base64="u9TMEQQeNSSFs00iBW82if+WvJU=">AAACEHicbZC7SgNBFIZn4y3G26qlzWIQrcKuBLWwCAhiGcFcILuE2clJMmT2wszZQFj2EWx8FRsLRWwt7XwbJ8kWmnhghp//P4eZ8/mx4Apt+9sorKyurW8UN0tb2zu7e+b+QVNFiWTQYJGIZNunCgQPoYEcBbRjCTTwBbT80c00b41BKh6FDziJwQvoIOR9zihqq2ueumNg6W3WTV3FJI8xv3EiIHVjKqkQILKsa5btij0ra1k4uSiTvOpd88vtRSwJIEQmqFIdx47RS6lEzgRkJTdREFM2ogPoaBnSAJSXzhbKrBPt9Kx+JPUJ0Zq5vydSGig1CXzdGVAcqsVsav6XdRLsX3kpD+MEIWTzh/qJsDCypnSsHpfAUEy0oBqE/qvFhhoCQ82wpCE4iysvi+Z5xbmoVO+r5dp1jqNIjsgxOSMOuSQ1ckfqpEEYeSTP5JW8GU/Gi/FufMxbC0Y+c0j+lPH5A3Abnrs=</latexit>

~Fk


