
ENGS141 Engineering Statics - Homework 2
Mher Saribekyan A09210183

February 9, 2025

Digital version

Problem 3.2 (10 points).

F = (−16 cos 28◦ı̂− 16 sin 28◦ȷ̂)N, M = r×F = (−0.170ı̂)× (−16 cos 28◦ı̂− 16 sin 28◦ȷ̂)Nm ≈ 1.28k̂Nm
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Problem 3.11 (10 points).

Denote the positive x axis to the right, and positive y axis up.

M = r× F = (0.306ı̂− 0.240ȷ̂)×
(
500

0.240√
0.04662 + 0.2402

ı̂− 500
0.0466√

0.04662 + 0.2402
ȷ̂

)
Nm ≈ 88.64k̂Nm

Problem 3.31 (10 points).
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BD = AB sin 45◦ =
√
2m, h =

√
2 sin 82◦ ≈ 1.4m

Problem 3.35 (10 points).

P ·Q = 2 · 3 + 1 · 4 + 2 · (−5) = 0

P · S = 2 · (−4) + 1 · 1 + 2 · (−2) = −11

Q · S = 3 · (−4) + 4 · 1 + (−5) · (−2) = 2

Problem 3.60 (10 points).

CF = 0.6ı̂− 0.9ȷ̂− 0.2k̂ =⇒ λCF =
0.6

1.1
ı̂− 0.9

1.1
ȷ̂− 0.2

1.1
k̂

DB = 1.2ı̂− 0.35ȷ̂ =⇒ λDB =
1.2

1.25
ı̂− 0.35

1.25
ȷ̂

DC = 0.2ȷ̂− 0.4k̂

MDB = λDB · (r× λCFF ) =

(
1.2

1.25
ı̂− 0.35

1.25
ȷ̂

)
· (−12ı̂− 7.2ȷ̂− 3.6k̂) = −9.504Nm
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Problem 3.69 (10 points).

Fparallel = F · λDB = 24.84N =⇒ Fperpendicular =
√

332 − 24.842 ≈ 21.72N

|MDB| = 9.504Nm = hFperpendicular =⇒ h =
9.504

21.72
≈ 0.438m

Problem 3.7 (20 points).

F = (90 cos 40◦ı̂+ 90 sin 40◦ȷ̂)N, M = r× F = (−0.225ı̂)× (90 cos 40◦ı̂+ 90 sin 40◦ȷ̂)Nm ≈ −13.02k̂Nm
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Problem 3.62 (20 points).

O = (0, 0, 0)A =

(
a

2
,
a
√
2√
3
,

a

2
√
3

)
, B =

(
a

2
, 0,

a
√
3

2

)
, C = (a, 0, 0),

O⃗A · B⃗C =
(a
2
· a
2

)
+

(
a
√
2√
3

· 0

)
+

(
− a

2
√
3
· a

√
3

2

)
= 0 =⇒ OA ⊥ BC

The distance between those edges equals to the size of the perpendicular which is d =

√√√√(a
√
3

2

)2

−
(a
2

)2
=

a
√
2

2
, by basic geometry.

Python solutions

import numpy as np

def Problem3_2():
# Values
Force = 16
Angle = 27
Arm = 0.170

vector_arm = [-Arm,0,0]
vector_force = [-Force*np.cos(Angle* np.pi / 180),-Force*np.sin(Angle* np.pi / 180),0]
return np.cross(vector_arm ,vector_force)

def Problem3_11():
# Values
arm_delta_x = 0.306
arm_delta_y = -0.240
Force = 500
force_delta_x = 0.240
force_delta_y = -0.0466
force_length = np.sqrt(force_delta_x**2 + force_delta_y**2)
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vector_arm = [arm_delta_x ,arm_delta_y ,0]
vector_force = [Force*force_delta_x/force_length ,Force*force_delta_y/force_length ,0]
return np.cross(vector_arm ,vector_force)

def Problem3_31():
# Values
Angle_DAB = 45
Angle_DCB = 8
AB = 2

return (2*np.sin(Angle_DAB * np.pi / 180)*np.cos(Angle_DCB * np.pi / 180))

def Problem3_35():
# Values
vector_P = [2,1,2]
vector_Q = [3,4,-5]
vector_S = [-4,1,-2]

return (np.dot(vector_P ,vector_Q),np.dot(vector_P ,vector_S),np.dot(vector_Q ,vector_S))

def Problem3_60():
# Values
CF_x = 0.6
CF_y = -0.9
CF_z = -0.2

DB_x = 1.2
DB_y = -0.35
DB_z = 0

DC_x = 0
DC_y = 0.2
DC_z = -0.4

Force = 33

lenght_CF = np.sqrt(CF_x**2 + CF_y**2 + CF_z**2)
CF_direction = np.array([CF_x/lenght_CF ,CF_y/lenght_CF ,CF_z/lenght_CF])
lenght_DB = np.sqrt(DB_x**2 + DB_y**2 + DB_z**2)
DB_direction = [DB_x/lenght_DB ,DB_y/lenght_DB ,DB_z/lenght_DB]
DC = [DC_x,DC_y,DC_z]

return np.dot(DB_direction ,np.cross(DC,CF_direction*Force))

def Problem3_69():
# Values
Moment = np.absolute(Problem3_60())
Force = 33

CF_x = 0.6
CF_y = -0.9
CF_z = -0.2

DB_x = 1.2
DB_y = -0.35
DB_z = 0

lenght_CF = np.sqrt(CF_x**2 + CF_y**2 + CF_z**2)
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CF_direction = np.array([CF_x/lenght_CF ,CF_y/lenght_CF ,CF_z/lenght_CF])

lenght_DB = np.sqrt(DB_x**2 + DB_y**2 + DB_z**2)
DB_direction = [DB_x/lenght_DB ,DB_y/lenght_DB ,DB_z/lenght_DB]

force_parallel = np.dot(CF_direction*Force,DB_direction)
force_perpendicular = np.sqrt(Force**2 - force_parallel**2)

return Moment/force_perpendicular

def Problem3_7():
# Values
Force = 90
rod_angle = 65
force_angle = 25
Arm = 0.225

Angle = rod_angle-force_angle

vector_arm = [-Arm,0,0]
vector_force = [Force*np.cos(Angle* np.pi / 180),Force*np.sin(Angle* np.pi / 180),0]
return np.cross(vector_arm ,vector_force)

print("Problem 3.2: ", Problem3_2())
print("Problem 3.11: ", Problem3_11())
print("Problem 3.31: ", Problem3_31())
print("Problem 3.35: ", Problem3_35())
print("Problem 3.60: ", Problem3_60())
print("Problem 3.69: ", Problem3_69())
print("Problem 3.7: ", Problem3_7())
print("Problem 3.62 is basic geometry , no pyhton solution!")
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