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One dimension

1. Compute the center of mass of the system consisting of m; and ms located on the number line if given that
m;=3gat xy =2 and mg =7g at x2 = 6.

2. Compute the center of mass of the system consisting of my, meo, and ms located on the number line if given
that my =5bgat x1 = —2, my =8g at xo =1, and m3 =3¢ at x3 = 5.

3. Compute the center of mass of the system consisting of mj, ma, and ms located on the number line if given
that my =1gat ;1 =1, mg =2g at xo =2, and m3 = 3g at 3 = 3.

4. Compute the center of mass of the system consisting of mj, ma, ...,m, located on the number line at xq,
L2yeeesLp.

5. A rod of length 3 units is made of material that has different density at different locations. If the rod is located

at such that its ends are at (0,0) and (3,0), then the density of the material at x is given by d (x) = 228

cm
a) Compute the mass of the rod.

b) Compute the center of mass of the rod.

6. A rod of length 5 units is made of material that has different density at different locations. If the rod is located

at such that its ends are at (1,0) and (6,0), then the density of the material at x is given by 6 (z) = —2?
2?2 cm
a) Compute the mass of the rod.

b) Compute the center of mass of the rod.

Two dimensions

7. Compute the center of mass of the system consisting of m; and ms located on the number line if given that
mi = 13g at P; (2,—5) and mg = 7g at Py (—3,4).

8. Compute the center of mass of the system consisting of m, meo, and ms located on the number line if given
that m; =3gat P1(—1,1), ma =5g at P, (4,—3), and mg = 7g at P3(—2,0).

9. The triangular plate shown on the picture below is bounded by the graphs of y = g, y=0,and z =6 has a

constant density of 5%.
cm
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a) Compute the plate’s moment M, about the y—axis.

b) Compute the mass of the plate.

¢) Compute the z—coordinate of the center of mass of the plate.
d) Compute the plate’s moment M, about the z—axis.

e) Compute the y—coordinate of the center of mass of the plate.

10. Compute the center of mass of a thin plate bounded by the graphs of y = x? and y = 4 between 2 = —2 and
T =2.

11. Compute the center of mass of the region bounded by the graphs of y = \/z, y =0, and z = 4.

y 31

12. Compute the center of mass of the region bounded by the graphs of y = \/z, y =0, and = = 9.
13. Compute the center of mass of the object shown on the picture below.

y 10T

1
14. Compute the center of mass of the region bounded by the graphs of y = —, z =1, and y = 0.
T
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Solutions - One dimension

1. Compute the center of mass of the system consisting of m; and ms located on the number line if given that
m;=3gat xy =2 and mg =7g at o = 6.

mi(x—x1)+ma(r—xz2) = 0
mix —mixy +moex —moxe = 0
mix + mox = M1xT1 + MaZsy
z(my+ma) = mixi+ moxo
mix1 + maox2 3:24+7-6 48
mi + mso 3+7 10

2. Compute the center of mass of the system consisting of m1, meo, and ms located on the number line if given
that my =bgat x1 = -2, my =8g at xo =1, and m3 =3 g at x3 = 5.

Let x be the center of mass.

mi(x—x1)+ma(x—x2)+mg(z—23) = 0
mix — mix1 +mox — moxo + m3xr —mgrs3 = 0
mix + mex +m3xr = miT1 + moxo + msxs
x (m1 +mo + mg) = mix1 + Mmoo + Mmsxs

m1T1 + Moz + M3x3
my + ma +mg3

Tr =

mix1 +moze +mgr3  5(-2)+8-1+3-5 13

my + ma + ms - 5+8+3 16

3. Compute the center of mass of the system consisting of mi, ms, and ms located on the number line if given
1242243 7
that m; = lgat o1 =1, mo=2g at 29 =2, and m3 = 3gat 23 =3. —— "= —°
at mq g at T mo g at xo anda ms g at xr3 112413 3

4. Compute the center of mass of the system consisting of mi, mo, ...,m, located on the number line at z1,

n
D mia
k=1

n

D m

k=1

5. A rod of length 3 units is made of material that has different density at different locations. If the rod is located

at such that its ends are at (0,0) and (3,0), then the density of the material at z is given by 6 (z) = 22-E

cm

L2yeeesLp.

3 3 3
a) Compute the mass of the rod. m = /dm = /5 (x)dx = /:U2da: =9
0 0 0

3 3 3
/acdm /x5 () dx /a: r2dx 8’1
b) Compute the center of mass of the rod. = 03 =0 9 = 3 = %
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6. A rod of length 5 units is made of material that has different density at different locations. If the rod is located
1
at such that its ends are at (1,0) and (6,0), then the density of the material at z is given by 0 (z) = —2£.
x? cm
6

6 6
1 5
a) Compute the mass of the rod. m = /dm = /5 (z)dx = / —dr = 6
1 1
6

1
6

b) Compute the center of mass of the rod. G = = =—1n6

Two dimensions

7. Compute the center of mass of the system consisting of m; and ms located on the number line if given that
my = 13g at P} (2,—5) and mg = 7g at Py (—3,4).
mixy +moxy  13-247-(=3) 1

8|
I

mi1 4+ mo 13+7 4
__mayitmeye  13(=5)+7-(4) 37 Cl 37
Y Tl e 1347 90 1720

8. Compute the center of mass of the system consisting of m, meo, and m3 located on the number line if given
that m; =3gat Py (—1,1), my =5g at P, (4,—3), and m3 = 7g at P3(—2,0).
mix1 + moxo + msxs3 . 3(—1) —|—54+7(—2) . 1

8|
I

mi+mo+my 3+5+7 5
__mayi+meyp+mays  3-14+5(=3)+7-0 4 cfl_4
Y T T mitma+ms | 3+5+7 5 55

9. The triangular plate shown on the picture below is bounded by the graphs of y = g, y=0,and z =6 has a

constant density of 5%.
cm
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a) Compute the plate’s moment M, about the y—axis.

Let us first slice the object into very thin vertical slices. In a general slice,

center of mass: (Z,y) = (ac, %)
vertical side: g
horizontal side: dx area: dA = gdx

mass: dm =0dA=25- gdx = %de

~ 5 5
The moment of the strip about the y—axis: zdm = x <3:de> = ngdx

6
~ 5
The moment of the plate about the y—axis: /xdm = / ngdx =120

0
y 5
b) Compute the mass of the plate. M = /dm = / gxda: =30
0

/5dm
12

¢) Compute the z—coordinate of the center of mass of the plate. T = 20
/ dm
d) Compute the plate’s moment M, about the z—axis.
. .~ z (dx 9 o
The moment of the strip about the x—axis: ydm = 5 gdx = Ex dx
6
5
The moment of the plate about the x—axis: /ydm = / 1—8w2d:£ =20
0
/ ydm 9y
e) Compute the y—coordinate of the center of mass of the plate. Y= 3

/ dm 30

10. Compute the center of mass of a thin plate bounded by the graphs of y = 22 and y = 4 between z = —2 and
Tz =2.

v Solution: a general stripe located at z

~ 1
center of mass: (Z,y) = <x, 3 (2% + 4))

horizontal side: dx

vertical side: 4 — 22

area: dA = (4 - x2) dx

mass: dm =29 (4 — x2) dx
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2
total mass of the plate: /dm = /(5 (4 — x2) dx 33 1)
moment of stripe about the y—axis: ydm = x6 (4 — xQ) dx

moment of plate about the y—axis: /Edm = /(51‘ (4 — :c2) dx =9

the z—coordinate of center of mass:

moment of stripe about the r—axis:

moment of plate about the r—axis: /gdm = /g (1'2 + 4) (4 — xz) = g/ (332 + 4) (4 — :L'2) dx = 5 —0

the y—coordinate of center of mass:

zdm

(:U2 +4) 0 (4

2

ydm =

/gdm 1285

y_ = =
—6
/dm 3

x(4—x2)dm:0

L—

$2) dzr

11. Compute the center of mass of the region bounded by the graphs of y = y/z, y =0, and = = 4.

4

/xé\/fdx 645
12
x—coordinate: T = 04 = 156 =—=24
5 5
/(R/Eda: 3
0
4
/<ﬁ> ov/xdx
2 453
: .= 0 _ _ 2 _
y—coordinate: y = = 16 =5 0.75
3

{5\/de
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12. Compute the center of mass of the region bounded by the graphs of y = y/z, y =0, and z = 9.

9
/mé\/idx 4866
; . =_ 0 5 021
x—coordinate: T=— =% — 5 — 5.4
/(R/Edm
0
9
[(£)s n,
a1 9 27 9
y—coordinate: 7 = 0 5 = 1485 =5~ 1.125 (5’8

{ N

13. Compute the center of mass of the object shown on the picture below.

y 10T

Part 1.
Vertical stripe: dx by 8

mass: 86dx
1

mass: /85(1:3 =80

0
1

/8x5da: =46
0

moment about the y—axis:

1
moment about the z—axis: /8 (4) ddx = 326
0
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Part 2:
Vertical stripe: dz by 2

mass: 20dx
5

mass: /25d:13 =80

1
5

moment about the y—axis: /Qxédx =246
1

5
moment about the z—axis: /1 (2) ddx = 86
1

1 5
/8:1;6dx + | 2xddx
. . 0 1 _ 40 + 240 _ 7
x—coordinate of center of mass: i 3 = i 1
/85dw+/25dm
0 1
1 5
/326d:ﬂ+/25d:n
20 1)
y—coordinate of center of mass: 01 51 = 38 5 :885 = g C (i; ;)

/85d:v+/26dx

0 1
14,
TN 1
/ (ng) Y
1
o0

1
—d
e

1 1

y:

1
Compute the center of mass of the region bounded by the graphs of y = —, 2 =1, and y = 0.
x

ot
7 N
o
o] =
~_

[For more documents like this, visit our page at https://teaching.martahidegkuti.com and click on Lecture Notes.|

[E-mail questions or comments to mhidegkuti@ccc.edu.|
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