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The center of gravity of an object represents the average position of all particles in the object. It can be defined for objects of any size, such as lines, areas, volumes, or even higher dimension objects. It is a purely geometric property, in contrast to the center of mass (also called the center of gravity), which takes into account the mass distribution in the object. For objects with
uniform mass distribution, the center of gravity is also the center of mass. General formula for the center of gravity of an areaIn everything else we focus on the center of gravity of 2D planar areas. Being the average position of all points, the exact coordinates of the center of gravity can be found by integrating their respective coordinates, over the entire area. In particular, the
following formulas provide the center of gravity xc and yc coordinates for an area A:The integral term in the last two equations is also known as the static moment of the area or first moment of the area, S. Therefore, these equations can be rewritten in this form:where and . Composite areasIf an area is composed of a finite number n of simple subareas, with given center of gravity
coordinates for each of them, the first area moments of the total area can be found by adding the respective static moments of the simple subareas. These are the equations:where is the surface of subzone i, and the center of gravity coordinates of the subzone i.Further readingsHow to find the center of gravity of an areaLiked this page? Share it with friends! Where's the center of
gravity of a semicircle? If you cut a semicircle from a sheet of cardboard with uniform density, on what point could you carefully balance it on the top of a grain? If you don't know the answer, think about it for a couple of seconds. Does intuition give you a clue? We use a calculation to derive the answer.: We can model a semicircle as a stack of infinitely thin strips. If we summarize
the moment of all these strips, normalized on the area of the entire semicircle, we can find the center of gravity. The center of gravity is the position where we can shape the shape as if the entire weight acts through this point. From symmetry, we can see that the center of gravity lies along the y-axis, which acts as a mirror to the circles of the quarters on both sides. We just have
to determine to what extent this point is. This is about 42.44% of the radius. I don't know about you, but I was a little surprised by that answer. I wouldn't have predicted it would be an irrational percentage. 3D displacement If a semicircle is extruded in an arc (of uniform density), the center of gravity remains at the position of 42.44% from the base. But where's the center of gravity
of an hemi-sphere? Is it the same thing? Let's take a look... Hemisphere Do you think this shape will have a different center of gravity? As before we can model it as a stack of circular pancakes thin stacked on top of each other. We can sum up the moment of all these disks and divide by the half of the sphere. Do you have any intuition about the result? This is 37.50% of the
radius. This is an interesting result. It is a little cleaner than the formula for a semicircle and does not involve π. The centroid is a little closer to the base of the dome. Is this a result you expected? It makes sense when you consider that a hemisphere will thin in two axes as it moves from base to tip, so we should expect the center of gravity to be closer to the base. You can find a
complete list of all the articles here. Click here to receive email alerts on new articles. Below is a list of center of gravity of various two-dimensional and three-dimensional objects. The center of gravity of an X object {\displaystyle X} in n {\displaystyle n} -dimensional space is the intersection of all hyperplanes that divide X {\displaystyle X} into two parts of the equal moment on the
hyperplane. Informally, it is the average of all points in X {\displaystyle X} . For an object of uniform composition, the center of gravity of a body is also its center of mass. In the case of two-dimensional objects shown below, hyperplanes are simply lines. 2D Centroids For each underlying two-dimensional shape, the area and coordinates of the centroid ( x , y ) {\displaystyle ({\bar
{x}},{\bar {y}})} are provided: Shape Figure x - {\displaystyle {\bar {x}}} y y - {\displaystyle {\bar {y}}} Rectangle area area b 2 {\displaystyle {\frac {b}{2}}} h 2 {\\display style {\frac {h}{2}}} b h {\displaystyle {bh}} General triangular area x 1 + x 2 + x 3 3 {\displaystyle {\frac {x1+x2+x3}{3}}} [1] h 3 {\displaystyle {\frac {h}{3}}} b h 2 {\ displaystyle {\frac { bh}{2}}} Triangular area isosceles l 2
{\displaystyle {\frac {l}{2}}} h 3 {\displaystyle {\frac {h}{3}}} l h 2 {\displaystyle {\frac {lh}{2}}} Right Triangular Area b 3 {\display style {\frac {b}{3}}} h 3 {\movestyle {\frac {h}{3}}} b h2 {\displaystyle {\frac {bh}{2}}} Circular Area 0 {\displaystyle 0} 0 {\displaystyle 0} π r 2 {\displaystyle {\pi r^{2}}} Quarterly Circular Area [2] 4 r 3 π {\displaystyle {\frac {4r}{3\pi }}} 4 r 3 π {\ displaystyle {\frac
{4r}{3\pi }}} π r 2 4 {\displaystyle {\frac {\pi r^{2}}{4}}} Semicircular area[3] 0 {\display style 0} 4 r 3 π {\displaystyle {\frac {4r}{3\pi }}} π r 2 2 {\displaystyle {\frac {\pi r^{2}}{2}}} Circular sector 2 r sin  ( α ) 3 α α r 2 {\displaystyle \,\alpha )}{3\alpha }}} 0 {\displaystyle \,\!0} α r 2 {\displaystyle \ ,\!\alpha r^{2}} Circular segment 4 r sin 3  ( α ) 3 ( 2 α − sin  ( 2 α ) {\displaystyle {\frac {4r\sin ^{3}
(\alpha )}{ 3(2\alpha -\sin(2\alpha ))}}} 0 {\displaystyle \,\!0} r 2 2 ( 2 α − sin  ( 2 α ) {\displaystyle {\frac {r^{2}}{2}}(2\alpha -\sin(2\alpha ))} Ring sector 2 sin  ( α ) 3 α r 2 3 − r 1 3 r 2 − r 1 2 {\displaystyle {\frac {2\sin(\alpha )}{3\alpha }}{\frac 0 {\displaystyle \ ,\!0} a ( r 2 2 2 r 1 2 ) {\displaystyle \alpha (r_{2}^{2}-r_{1}^{2})} Fourth circular arc The points of the circle x 2 + y 2 = r 2
{\displaystyle \,\!x^{2}+y^{2}=r^{2}} and in the first quadrant 2 r π {\displaystyle {\frac {2r}{\pi }}} 2 r π {\displaystyle {\frac {2r}{\pi }}} L = π r 2 {\displaystyle L={\frac {\pi r}{2}}} Semicircular arc Points on circle x 2 + y 2 = r 2 {\displaystyle \ ,\!x^{2}+y^{2}=r^{2}} and above the x-axis {\displaystyle \,\!x} 0 {\displaystyle \,\!0} 2 r {2} π {\displaystyle {\frac {2r}{\pi }}} L = π r {\displaystyle L=\,\pi
r} Circle arc Points on the curve (in polar coordinates)ρ = r {\displaystyle \,\!\rho =r} , from θ = − α {\displaystyle \,\!\theta =-\alpha } to θ = α {\displaystyle \,\!\theta =\alpha } ρ sin  ( α ) α {\displaystyle {\frac {\rho \sin(\alpha )}{\alpha }}} 0 {\displaystyle \ ,\!0} L = 2 α ρ {\displaystyle L=\,\!2\alpha \rho } elliptical area 0 {\displaystyle 0} 0 {\displaystyle 0} π to b {\\visual style {\pi ab}}
Quartilitic Area 4 to 3 π {\displaystyle {\frac {4a}{3\pi }}} 4 b 3 π {\displaystyle {\frac {4b}{3\pi }}} π to b 4 {\displaystyle {\frac {\pi ab}{4}}} Semielliptical Area 0 {\displaystyle \,\!0} 0} 4 b 3 π {\displaystyle {\frac {4b}{3\pi }}} π to b 2 {\displaystyle {\frac {\pi ab}{2}}} Parabolic area The area between curve y = h b 2 x 2 {\displaystyle \,\!y={\frac {h}{b^{2}}}x^{2}} and line y = h {\displaystyle
\,\!y=h} 0 {\displaystyle \,\!0} 3 h 5 {\displaystyle {\frac {0 1 3h}{5}}} 4 b h 3 {\displaystyle {\frac {4bh}{3}}} Semiparabolic area The area between curve y = h b 2 x 2 {\displaystyle y={\frac {h}{b^{2}}}x^{2}} and y {\displaystyle \ ,\!y} axis, y = 0 {\displaystyle \,\!y=0} to y = h {\displaystyle \,\!y=h} 3 b 8 {\displaystyle {\frac {3b}{8}}} 3 h 5 {\displaystyle {\frac {3h}{5}}} 3 h 5 {\displaystyle {\frac
{3hh}{5}}} 1 2 b h 3 {\displaystyle {\frac {2bh}{3}}} Parabolic Spandrel The area between curve y = h b 2 x 2 {\displaystyle \,\!y={\frac {h}{b^{2}}}x^{2}} and x {\displaystyle \ axis ,\!x}, x = 0 {\displaystyle \,\!x=0} to x = b {\displaystyle \,\!x=b} 3 b 4 {\displaystyle {\frac {3b}{4}}} 3 h 10 {\displaystyle {\frac {3h}{10}}} b h 3 {\displaystyle {\frac {bh}{3}}} General Spandrel The area between the y
curve = h b n x n {\displaystyle y={\frac {h}{b^{n}}}x^{n}} and the x-axis {\displaystyle \,\!x} , from x = 0 {\displaystyle \ ,\!x=0} a x = b {\displaystyle \,\!x=b} n + 1 n + 2 b {\displaystyle {\frac {n+1}{n+2}}b} n + 1 4 n + 2 h {\displaystyle {\frac {n+1}{4n+2}}h} b h n + 1 {\displaystyle {\frac {bh}{n+1}}} It should be noted to avoid confusion that for center of gravity coordinates marked as zero ,
it really means that the coordinates are at the origin , and the equations to get those points are the lengths of the included axes divided by two, in order to reach the center which in these cases are the origin and therefore zero. 3D Centroids For each underlying three-dimensional body, and the coordinates of the centroid ( x , y ) {\displaystyle ({\bar {x}},{\bar {y}})} , ( z )
{\displaystyle ({\bar {z}})} are given: Shape Figure x - {\displaystyle {\bar {x}}} y - {\displaystyle {\bar {y}}} z - {\displaystyle {\bar {z}}} Volume Cuboid a, b = the base c sides of the cuboid = the third side of the cuboid at 2 {\displaystyle {\frac {a}{2}}} b 2 {\displaystyle {\frac {b}{2}}} c 2 {\displaystyle {\frac {c}{2}}} a b c {\displaystyle {abc}} Rectangular pyramid right to right , b = base
sides h = distance is from base to superscript at 2 {\displaystyle {\frac {a}{2}}} b 2 {\displaystyle {\frac {b}{2}}} h4 {\displaystyle {\frac {h}{4}}} at b h 3 {\displaystyle {\frac {abh}{3}}} General triangular prism b = base side of the triangular base of the prism, h = triangular base height of prism L = prism length see above for general triangular base h 3 {\displaystyle {\frac {h}{3}}} L 2
{\displaystyle {\frac {L}{2}}} b h L 2 {\displaystyle {\frac {bhL}{2}}} Isoscele triangular prism b = base side of the triangular base of the prism, h = the height of the triangular base of prism L = prism length b 2 {\displaystyle {\frac {b}{2}}} h 3 {\displaystyle {\frac {h}{3}}} L y 2 {\displaystyle {\frac {L}{2}}} b h L 2 {\displaystyle {\frac {bhL}{2}}} Right triangular prism b = base side of the
triangular prism base , h = the perpendicular side of the triangular base of prism L = prism length b 3 {\displaystyle {\frac {b}{3}}} h 3 {\displaystyle {\frac {h}{3}}} L 2 {\displaystyle {\frac {L}{2}}} b h L 2 {\displaystyle {\frac {bhL}{2}}} Right circular cylinder r = cylinder radius h = cylinder height 0 {\displaystyle 0} 0 {\displaystyle 0} h 2 {\displaystyle {\frac {h}{2}}} π r 2 h {\displaystyle {\pi
r^{2}h}} Right circular solid cone r = radius of the base h of the cone = the distance is from the base to the superscript 0 {\displaystyle 0} 0 {\displaystyle 0} h 4 {\displaystyle {\frac {h}{4}}} π r 2 h 3 {\displaystyle {\frac {\pi r^{2}h}{3}}} Solid sphere r = sphere radius 0 {\displaystyle 0} 0 {\displaystyle 0} 0 {\displaystyle 0} 4 π r 3 3 {\displaystyle {\frac {4\pi r^{3}}{3}}} Solid Hemisphere r =
Hemisphere Radius 0 {\displaystyle 0} 0 {\displaystyle 0} 3 r 8 {\displaystyle {\frac {3r}{ 8}}} 2 π r 3 3 {\displaystyle {\frac {2\pi r^{3}}{3}}} Revolved solid ellipsoid semi-heli around z-axe a = base circle radius h = semi-1 ellipsoid height from base cicle center to edge 0 {\displaystyle 0} 0 {\displaystyle 0} 3 h 8 {\displaystyle {\frac {3h}{8}}} 2 π at 2 h 3 {\displaystyle {\frac {2\pi a^{2}h}{3}}}
Solid revolved paraboloid around axe Z A = the radius of the circle of base h = paboloid height from base cicle center to edge 0 {\divisionstyle 0} 0 {\poststyle 0} h 3 {\poststyle {\frac {h}{3}}} π at 2 h 2 {\frac {\pi a^{2}h}{2}}} Solid ellipsoid a, b, c = ellipsoid main semi-axies 0 {\displaystyle 0} 0 {\displaystyle 0} 0 {\displaystyle 0} 4 π a b c 3 {\displaystyle {\frac {4\pi abc}{3}}} Solid semi-
ellipsoid around z-axe a, b = the main semi-axle of the base ellipse c = the main z-semi-axle from the center of the base ellipse 0 {\displaystyle 0} 0 {\displaystyle 0} 3 c 38 {\displaystyle {\frac {3c}{8}}} 2 π to b c 3 {\displaystyle {\frac {2\pi abc}{3}}}Boloid solid parameter around z-axe a, b = the main semi-axes of the base ellipse c = the main z-semi-axe from the center of the base
ellipse 0 {\displaystyle 0} 0 {\displaystyle 0} c 3 {\displaystyle {\frac {c}{3}}} π to b c 2 {\displaystyle {\frac {\pi abc}{2}}} See also List of Moments of Inertia List of Second Moments of Reference ^ ^ Quarter Circle Area. eFunda. Accessed April 23, 2016. ^ Circular half. eFunda. Accessed April 23, 2016. External links This article about classical mechanics is a stub. You can help
Wikipedia by expanding it.vte Recovered from
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