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Answer the following questions:

Question (1) (9 marks)
A system consists of three particles, each of unit mass, with positions and velocities are

-

F=1+] £, =j+k =k
v, = 2i v, =] v, =1+j+k
Find:
(1) The position of the center of mass. (2) The velocity of the center of mass.
(3) The linear momentum of the system. (4) The angular momentum of the system.
(5) The kinetic energy of the system. (6) The value of mv?2, /2.
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Question (2) (6 marks)
A proton of mass m,, with initial velocity v,, collides with a helium atom, mass 4m,,, that

iIs initially at rest. If the proton leaves the point of impact at an angle 45° with its original

line of motion, find the final velocities of each particle. Assume that the collision is

inelastic and that Q is equal to i of the initial energy of the proton.
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Question (3) (6 marks)
Prove that “the moment of inertia of a rigid body about any axis is equal to the moment
of inertia about a parallel axis passing through the center of mass plus the product of the

mass of the body and the square of the distance between the two axes”.
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Question (4) (9 marks)
(a) Find the center of mass of a solid homogeneous hemisphere of radius a.

(b)Show that the moment of inertia for a thin uniform rod of length 2a and mass m about
an axis perpendicular to the rod at one end is %maz.

(c¢) Find the radius of gyration of a thin uniform rod of length @ and mass m about an axis

passing through one end.
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Answer the following questions:

Question (1) (9 marks)
A system consists of three particles, each of unit mass, with positions and velocities are

-

F=1+] £, =j+k =k
v, =2i vV, =] v, =i+j+k
Find:
(1) The position of the center of mass. (2) The velocity of the center of mass.
(3) The linear momentum of the system. (4) The angular momentum of the system.
(5) The kinetic energy of the system. (6) The value of mv?2, /2.

rcm = Zm i1

1 e 1 -
rm=§((i+i)+(i+k)+(k))=§(i+21+2k)

. 1 .
Ucm=gzmivi
4
R 1, . . 1, s
vcm=§((21)+(])+(1+]+k))=§(31+2]+k)

- -
i

p=(@D+@+ (i +5+k)=(3i+2)+Kk)

L= Z Fixmﬁi

i

L=[0+)x@D + (G +k)x() + (K)x(i+j+ k)] =-2k-i+j—i=-2i+j-2k

1 2
T = Zimivi

(2% + (D2 + (D + (D*+ (D] =

l\)lb—\

1

| I U B4 | _ L
Emvcm=—(3)< (3 + @+ @) )>—2(3)<9(9+4+1)>‘3
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Question (2) (6 marks)

A proton of mass m,, with initial velocity v,, collides with a helium atom, mass 4m,,, that

iIs initially at rest. If the proton leaves the point of impact at an angle 45° with its original

line of motion, find the final velocities of each particle. Assume that the collision is

inelastic and that Q is equal to i of the initial energy of the proton.

Conservation of momentum:;

Uy = VpC0545 + 40,c05¢ U,Sin45 — 4v,sing = 0
A% & Up 4%, sing Up
V,C08p = v, — — V,Sing = —
a o \/E a \/z

16v,2 = v2 —V2v,0, + v}?

Conservation of energy:
1 1 1 1/1

3% = gmavs + g mgrl + 5 (3mev%)
16v,% = 3vZ — 4v,?
subtracting:
v = V20,0, + v — (3v¢ — 4v}?) = 0
—2v2 —\2v,0,+5v2 = 0

V2v, + /202 + 40v2 v
=TSN I 2 (V2 4E2)

Up

2 = 0558,

By = 0.7895v, , Ty = Uy = -2

3 1 v
Uy = \/(—1@ - —v{f) = 70\/(0.75 —0.78952%) = 0.1780 v,

16 ° 4
ﬁp
V2 v 0.7895
tang = 2= " _ = 1.2638
o Y 2v,—v, V2-07895
2

¢ = tan~1(1.2638) = 51.65°

Vgx = VgC0s¢p = 0.110v,, ¥y, = —V,sing = —0.140 v,
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Question (3) (6 marks)
Prove that “the moment of inertia of a rigid body about any axis is equal to the moment
of inertia about a parallel axis passing through the center of mass plus the product of the

mass of the body and the square of the distance between the two axes”.

Consider the equation of the moment of inertia about some axis, say the z-axis,
I= Zmi(xiz +y1)
i

Now we can express x; and y; in terms of the coordinates of the center of mass (X, Ve Zem)

and the coordinates relative to the center of mass (x;, ¥;, z; ) as follows:

Xi = Xem +X; Yi =Yem T Vi

1= m( +2) = ) mulCem + 507 + Glom + 7))

I = Zmi(fiz +3_112) + Zmi(xczm + YCZm) + zxcmzmi JZi + ZYszmi 3_11'
i i i i

The first sum on the right is just the moment of inertia about an axis parallel to the z-axis and
passing through the center of mass. We call it I.,,,. The second sum is equal to the mass of the
body multiplied by the square of the distance between the center of mass and the z-axis. we call

this distance I. That is 12 = (xZ, + ¥ ). From the definition of the center of mass,

Zmifi=zmi7i=0 = wl=Igm +ml?
i i
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Question (4) (9 marks)
(a) Find the center of mass of a solid homogeneous hemisphere of radius a.

(b)Show that the moment of inertia for a thin uniform rod of length 2a and mass m about

: . . 4
an axis perpendicular to the rod at one end is 3 ma?.

(¢) Find the radius of gyration of a thin uniform rod of length a and mass m about an axis

passing through one end.

To find the center of mass of a solid homogeneous
hemisphere of radius a, we know from symmetry that
the center of mass lies on the radius that is normal to

the plane face.

dV =nr?dz = n(a? — z%)dz

2 a

2 4

a“z VA 4 4 4

a _Z_ a a a

, _dopmz@-2dz "2 "4, F-F _ 7 _3_

cm T a - a B B
fo @ —zdz g2, 2T L 288

For a thin uniform rod of length 2a and mass m, for an axis ~ F9ure8.3:2 Coordinates for finding the

moment of inertia of a disc.

perpendicular to the rod at one end is

Circular Disc or Cylinder

320,

2a a 1,m 4
I = 2 dx = p— — 83 — 2
fo x°pdx =p (Za)(a) ;ma

3 3

0
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Answer the following questions:

Question (1) (9 marks)
A system consists of three particles, each of unit mass, with positions and velocities are

P, =2i+] £, =j+k & =2k
v, =1 v, =2j v, =1+j+k
Find:
(1) The position of the center of mass. (2) The velocity of the center of mass.
(3) The linear momentum of the system. (4) The angular momentum of the system.
(5) The kinetic energy of the system. (6) The value of mv?2, /2.
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Question (2) (6 marks)

A proton of mass m,, with initial velocity v,, collides with a helium atom, mass 4m,,, that
iIs initially at rest. If the proton leaves the point of impact at an angle 45° with its original
line of motion, find the final velocities of each particle. Assume that the collision is

perfectly elastic.
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Question (3) (6 marks)
Prove that “the moment of inertia of a rigid body about any axis is equal to the moment
of inertia about a parallel axis passing through the center of mass plus the product of the

mass of the body and the square of the distance between the two axes”.
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Question (4) (9 marks)

(a) Find the center of mass of a thin wire bent into the form of a semicircle of radius a.

(b)Find the radius of gyration of a thin uniform rod of length @ and mass m about an axis
passing through the center.

(c) Show that the moment of inertia for a thin uniform rod of length 2a and mass m about

: . . 4
an axis perpendicular to the rod at one end is 3 ma?.
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Answer the following questions:

Question (1) (9 marks)
A system consists of three particles, each of unit mass, with positions and velocities are

P, =2i+] £, =j+k & =2k
v, =1 v, =2j v, =1+j+k
Find:
(1) The position of the center of mass. (2) The velocity of the center of mass.
(3) The linear momentum of the system. (4) The angular momentum of the system.
(5) The kinetic energy of the system. (6) The value of mv?2, /2.

7 —lZmF
cm m : [
l

1 . ) 1 X
Tem =§((2i+i)+(i+k)+(2k)) =§(2i+2i+3k)

- 1 -
Uem = E . m;v;
i

1 N1 )
Bon =5 (D + @D + (4] +K)) = (21 +3)+K)

> —>
p= m;v;
i

ﬁ=((i)+(2i)+(i+i+k))=(2i+3i+i<)

L= z ﬁ-Xmil_}i

i
L=[Ci+)x@ + (G +k)x@)+ (2k)x(i+j+ k)] = k- 2i +2j - 2i

A

= —4i+2j—k

1 2
T = meivi
i

T= I + @+ (D% + (D + (D)) =5 = 4

N =

1

s Lo (L vt nny) = Loy (1 7
Emvcm—z(?))(g((z) + (324 () )>—§< )<§<4+9+1>)—§
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Question (2) (6 marks)

A proton of mass m,, with initial velocity v,, collides with a helium atom, mass 4m,,, that
iIs initially at rest. If the proton leaves the point of impact at an angle 45° with its original
line of motion, find the final velocities of each particle. Assume that the collision is

perfectly elastic.

Conservation of momentum:

Vo = Upc0545 + 470,c05¢ U,sind5 — 4v,sing = 0
47 ¢ ﬁp 4. si ¢ ﬁp
0,089 = v, — — V,Sing = —
a (o) \/E a \/z

16v2 = v2 —V2v,0, + v}?

Conservation of energy:

1 2 12 1 12
Empvo = Empvp +E4mpva
16vy = 4v¢ — 4v,?
subtracting:
vZ —\2v,0, + vt — (4v2 — 4v}2) = 0
—3v2 —V2v,0,+5v2 = 0

V2v, +/2v2 + 60v2 v
_ oL 100 OZTg(ﬁi@)

Up

b, = 0.9288v, , B,y = By = L = 0.6568 v,

px px T 3
A 1 2 12 — Yo 2) —
b = /(vo — ) = ?\/(1 —0.92882) = 0.1853 v,
¥
“p
v 0.9288
tang = ‘/E, = E - =1.9134
_ W N2y,-1, +2-0.9288
Vo \/E

¢ = tan"1(1.9134) = 62.41°

Ugx = Vgc0s¢ = 0.086v,, Uy, = —TUysing = —0.164 v,
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Question (3) (6 marks)
Prove that “the moment of inertia of a rigid body about any axis is equal to the moment
of inertia about a parallel axis passing through the center of mass plus the product of the

mass of the body and the square of the distance between the two axes”.

Consider the equation of the moment of inertia about some axis, say the z-axis,
I= Zmi(xiz +y1)
i

Now we can express x; and y; in terms of the coordinates of the center of mass (X, Ve Zem)

and the coordinates relative to the center of mass (x;, ¥;, z; ) as follows:

Xi = Xem +X; Yi =Yem T Vi

1= m( +2) = ) mulCem + 507 + Glom + 7))

I = Zmi(fiz +3_112) + Zmi(xczm + YCZm) + zxcmzmi JZi + ZYszmi 3_11'
i i i i

The first sum on the right is just the moment of inertia about an axis parallel to the z-axis and
passing through the center of mass. We call it I.,,,. The second sum is equal to the mass of the
body multiplied by the square of the distance between the center of mass and the z-axis. we call

this distance I. That is 12 = (xZ, + ¥ ). From the definition of the center of mass,

Zmifi=zmi7i=0 = wl=Igm +ml?
i i
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Question (4) (9 marks)

(a) Find the center of mass of a thin wire bent into the form of a semicircle of radius a.
(b)Find the radius of gyration of a thin uniform rod of length a and mass m about an axis

passing through the center.
(c) Show that the moment of inertia for a thin uniform rod of length 2a and mass m about

: . . 4
an axis perpendicular to the rod at one end is 3 ma?.

To find the center of mass of a thin wire bent into the

form of a semicircle of a radius a, we use axes as shown .
in the figure

df

dl=adb and 2z = asinf

foap(a sinf) a dé fn/z(a sinf) d0  a [—cos8]™"?

0 0
cm —

a
a /2 = /2 =7 =_a
Jy pado [ de [615 >

0

For a thin uniform rod of length a and mass m, for an axis
perpendicular to the rod at the center is

s 12\a 12
1
e |1 (zme?)  a
Cdm m V12
2a a32a m
_ 20 dx = 0—| ==(—)(8a3) = —ma?
foxpx P73, 3(2a)(a) 3¢

4/4



	3- Periodic Exam 1 and answer model
	Periodic Exam
	Periodic Exam(answer)

	3- Periodic Exam 2 and answer model
	Periodic Exam 2
	Periodic Exam 2(answer)


