
Solution to ENGR 2030 - DYNAMICS Test 02 - Spring Semester 2010 -
Utah State University - Instructor: Gilberto Urroz

------------------------------------------------------------------------------
The values of the problem parameters were randomly generated by Blackboard
from a range of values provided by the instructor. This is one of the tests
generated by Blackboard. The parameters, therefore, would most likely be
different than the ones in your test, but the procedure is common for all
tests thus generated. These solutions were calculated using SMath Studio,
a free WYSIWYG math worksheet:

http://www.neng.usu.edu/cee/faculty/gurro/SMathStudio.html

------------------------------------------------------------------------------

SOLUTION: The figure above shows the free-body diagram and the kinetic
diagram for the crate. The equations of motion are:

xamxΣF , i.e., amfFcos θP [1]

0yamyΣF , i.e., 0gmsin θPN [2]

From [2], one finds: sin θPgmN

The friction force is: sin θPgmkμNkμfF

which replaced into [1] produces:

amsin θPgmkμcos θP , and ,

sin θ
m
P

gkμcos θ
m
P

a
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180
π

12θFor this problem: 305P N, 198m kg, , or , 0.2094θ rad

2
s

m
0.12μk , and, 9.81g , therefore,

sin θ
m
P

gμkcos θ
m
P

a
2

s

m
--> 0.368a

Kinematics of the two blocks (absolute dependent motion): LBsAs2

Take derivatives with respect to time, twice: 0BaAa2 i.e.,
Aa2Ba

Aa2Ba
Working with magnitudes only: [1]

Ba
g
BW

BWTKinetics of B:
BaBmyΣF

[2]

Aa
g
BW

2BWT
g
Aa

21BWT
With [1] into [2]:

[2']

Kinetics of A: 0yΣF
0cos θAWN

Normal force:

-2-



cos θAWN

cos θAWkμNkμfF
Friction force:

Aa
g
AW

fFT2sin θAWMore kinetics of A:
AaAmxΣF

Aa
g
AW

cos θAWkμT2sin θAWReplace the friction force:

Aa
g
AW

cos θAWkμ
g
Aa

21BW2sin θAW
With [2']:

Manipulating the equation to solve for the acceleration of A:

Aa
g
AW

cos θAWkμ
g
Aa

BW4BW2sin θAW

g
Aa

BW4Aa
g
AW

cos θAWkμBW2sin θAW

BW4AW
g
Aa

BW2cos θkμsin θAW

BW4BWn
g
Aa

BW2cos θkμsin θBWnWith
BWnAW -->

4n
g
Aa

2cos θkμsin θn g
4n

2cos θkμsin θn

Aa-->

Kinematics of block A: For constant acceleration:

0SAAsAa2
2

0vAAv , with 00vA at 00sA , then

g
4n

2cos θkμsin θn

As2AaAs2Av

We can now calculate the required velocity, vA by using:

2
s

ft
180
π

53θ0.2μk 32.2g 2.1sA ft 4n rad 29WB lb

g
4n

2cos θμksin θn
sA2vA s

m
3.472vA
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The radius of curvature of the path described by the girl is: sin θHRρ

sin θHR

2
v

ρ

2
v

an
Her angular acceleration is:

cos θ
gm

T0bΣF 0gmcos θT
Equations of motion:

ρ

2
v

msin θT
sin θHR

2
v

msin θ
cos θ

gmanmnΣF

Solving for v: sin θHRtan θgv

2
s

m
Replacing known values: 9.81g 54m kg

180
π

27θ3R m 4.4H m and rad

s
m

sin θHRtan θgv --> 4.998v
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First, we'll find an expression for the radius of curvature, starting from:

cos x
H
π

Hy . The first an dsecond derivatives are:

sin x
H
π

π
H
π

sin x
H
π

H
d
d x

cos x
H
π

H
d
d x

yyp

cos x
H
π

H

2
π

H
π

cos x
H
π

π
d
d x

ypypp

cos x
H
π

H

2
π

2
3

2
sin x

H
π2

π1

cos x
H
π

H

2
π

2
3

2
sin x

H
π

π1

ypp

3
2

2
yp1

ρThus,
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2
3

2
sin x

H
π2

π1

cos x
H
π

H

2
π2

v

ρ

2
v

naThe normal acceleration is:

Also, the angle of the tangent at the point of interest is θ, as shown:

atan sin x
H
π

πatan ypatan
dx
dy

θ

The angle is a negative angle, but we take the absolute value for
the angle as shown in the figure above, i.e.,

atan sin x
H
π

πθ

na
g
W

Ncos θWEquations of motion:
namnΣF

2
3

2
sin x

H
π2

π1g

cos x
H
π

H

2
π2

v
cos θWW

g
na

cos θna
g
W

cos θWN

2
3

2
sin x

H
π2

π1g

cos x
H
π

H

2
π2

v
cos atan sin x

H
π

πWN

s
ft

2
s

ft
37H ft 146W lb 23v 16x ft 32.2g

2
3

2
sin x

H
π2

π1g

cos x
H
π

H

2
π2

v
cos atan sin x

H
π

πWN

41.2034N lb

----------------------------------------------------------------------------------
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dθ
dr
r

tan ψAngle between r(+) and the tangent line: , with

θ
K

2
θ

θ
K

tan ψ
1

θK
θ
K

r
2

θ

K2
θK

dθ
dr

--> and,

rad

2
πo

90θi.e., atan θψ . Since, for the instant shown,

atan
2
π

ψthen, , i.e., 1.0039ψ rad

π
180

ψψor, , i.e., 57.5184ψ deg

The angle ψ being negative indicates that the angle of 57.52 degrees is to be
measure in a clockwise direction from r(+), as shown. In the rest of the
calculations, we keep the magnitude of ψ, only, i.e.,
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ψψ , or, 57.5184ψ

For the purpose of calculating trigonometric functions we re-write ψ as:

180
π

ψψ , i.e., 1.0039ψ rad

0.8436sin ψ 0.537cos ψ 1.5708tan ψ

dt
dθ

θd
dt

d θd
θddKinematics: given θd, and θdd, with and , from

1
θK

θ
K

r
2

θ

θdK
θd

2
θK

dt
dθ2

θK
dt
dr

rd-->

θdd
2

θ
2

θd
3

θ2K
d
d t

θd
2

θK
d
d t

θd
2

θK
dt

d rd
rdd

θddθ
2

θd2
3

θ

K
2

θ

θdd
3

θ

2
θd2

Krddi.e.,

Acceleration components in polar coordinates:

2
θd

θ
K

θddθ
2

θd2
3

θ

K2
θdrrddar

3
θ

2
θd

2
θKθddθK

2
θdK2

θ

2
θdK

2
θ

θddK
3

θ

2
θdK2

ar

θddθ
2

θ2
2

θd
3

θ

K
3

θ

2
θd

2
θθddθ

2
θd2

Kar

2
θd2θddθ

2
θ

K
θd

2
θ

θdK
2

θ
θddK

θdrd2θddraθ

ar
g
W

sin ψN
sin ψg
arW

NEquations of motion: armrΣF --> -->

aθ
g
W

cos ψNOAF
θamθΣF -->

cos ψ
sin ψg
arW

g
aθW

cos ψNaθ
g
W

OAF
tan ψ
ar

aθ
g
W

OAF-->

θddθ
2

θ2
2

θd
tan ψ

3
θ

K2
θd2θddθ

2
θ

K
g
W

OAF

θdd
tan ψ

2
θ

K2
θd

tan ψ
3

θ

2
θ2K2

θd
2

θ

K2
θdd

θ
KNote:

is expanded and factored as:
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2
θd

tan ψ

2
θ2

θ2
3

θ

K
θdd

tan ψ
1

θ
2

θ

K

2
θd

tan ψ

2
θ2

θ2
3

θ

K
θdd

tan ψ
1

θ
2

θ

K
g
W

OAFThus,

Using the data given:

2
s

ft

0.4W lb 0.4K ft 32.2g

2
π

θ
s
rad

2
s

rad
rad 0.1θd 17.5θdd

2
θd

tan ψ

2
θ2

θ2
3

θ

K
θdd

tan ψ
1

θ
2

θ

K
g
W

FOA

0.0778FOA lb

------------------------------------------------------------------------

-9-


