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0.1 Problem 1

The tangential acceleration at the point where disk 𝐴 and disk 𝐵 meet is 𝑅𝐴𝛼𝐴. But this
is also must be the same as 𝑅𝐵𝛼𝐵 since the gears assumed not to slip against each others.
Therefore

𝛼𝐵 = −
𝑅𝐴
𝑅𝐵

𝛼𝐴

The minus sign, is because gear A moves anti-clockwise, but 𝐵 moves clockwise, hence in
negative direction. Therefore

𝛼𝐵 = −
201
114

(51)

= −89.921 rad/sec2

Since 𝐶 moves with 𝐵 as one body, then 𝛼𝐵 = 𝛼𝐶 and then

𝛼𝐶 = −89.921 rad/sec2

Similarly

𝛼𝐷 = −
𝑅𝐶
𝑅𝐷

𝛼𝐶

= −
162
133

(−89.921)

= 109.528 rad/sec2
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0.2 Problem 2

Since 𝑎𝑝 = 𝑟𝛼𝑠 then

𝛼𝑠 = −
𝑎𝑝
𝑟
= −

1
1.31

= −0.763 rad/sec2

Since 𝑣𝑝 = 𝑟𝜔𝑠 then

𝜔𝑠 = −
𝑣𝑝
𝑟
= −

9.2
1.31

= −7.023 rad/sec

0.3 Problem 3
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𝑅𝐶 = 105.5 mm

𝑅𝑆 = 26.4 mm

𝑅𝑊 =
720
2

= 360 mm

𝜔𝐶 = 2𝜋

Hence

𝜔𝑤ℎ𝑒𝑒𝑙 =
𝑅𝐶
𝑅𝑆

𝜔𝐶

=
105.5
26.4

2𝜋

= 25.109 rad/sec

Or

𝜔𝑤ℎ𝑒𝑒𝑙 =
25.109

0.104719775
= 239.773 RPM

Hence

𝑉 = 𝜔𝑤ℎ𝑒𝑒𝑙 (𝑅𝑊)

= 25.109 �360 �10−3��

= 9.039 m/s
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0.4 Problem 4

𝑣̄𝐵 = 𝑣̄𝐴 + 𝜔̄ × 𝑟̄𝐵/𝐴
= 𝑣𝐴 �sin𝜙 ̂𝚤 + cos𝜙 ̂𝚥� + 𝜔̄ × 𝑟̄𝐵/𝐴 (1)

And

𝜔̄ = −20𝑘̂ = −0.03491𝑘̂

And

𝑟̄𝐵/𝐴 = 𝑑 cos𝜃 ̂𝚤 + 𝑑 sin𝜃 ̂𝚥

Hence (1) becomes

𝑣̄𝐵 = 𝑣𝐴 �sin𝜙 ̂𝚤 + cos𝜙 ̂𝚥� + 𝜔𝑘̂ × �𝑑 cos𝜃 ̂𝚤 + 𝑑 sin𝜃 ̂𝚥�

= 𝑣𝐴 �sin𝜙 ̂𝚤 + cos𝜙 ̂𝚥� +
�

�

̂𝚤 ̂𝚥 𝑘̂
0 0 𝜔

𝑑 cos𝜃 𝑑 sin𝜃 0

�

�

= 𝑣𝐴 �sin𝜙 ̂𝚤 + cos𝜙 ̂𝚥� + �−𝜔𝑑 sin𝜃 ̂𝚤 − ̂𝚥 (−𝜔𝑑 cos𝜃)�

= ̂𝚤 �𝑣𝐴 sin𝜙 − 𝜔𝑑 sin𝜃� + ̂𝚥 �𝑣𝐴 cos𝜙 + 𝜔𝑑 cos𝜃� (2)

But

𝑣𝐴 = 30 (1.852) �
1000
𝑘𝑚 � �

ℎ𝑟
3600�

= 30 (1.852) �
1000
3600�

= 15.433 m/s

And 𝑑 = 231, hence (2) becomes

𝑣̄𝐵 = ̂𝚤 �(15.433) sin �34 �
𝜋
180

�� − (−0.0349) (231) sin �20 �
𝜋
180

���

+ ̂𝚥 �(15.433) cos �34 � 𝜋
180

�� + (−0.0349) (231) cos �20 � 𝜋
180

���

Or

𝑣̄𝐵 = 11.388 ̂𝚤 + 5.217 ̂𝚥
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0.5 Problem 5

𝜔𝑝 (2𝑅) = 𝑣𝐿

𝜔𝑝 =
𝑣𝐿
2𝑅

=
5

2 �2.312 �
= 13.043 rad/sec

And

𝑣𝑜 = 𝜔𝑝𝑅

= 13.043 48 �
2.3
12 �

= 2.5 m/s

0.6 Problem 6
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Since

𝜔𝐿 sin𝜃 = 𝑣𝐵
Then

𝜔 =
𝑣𝐵

𝐿 sin𝜃

=
5

�35
12
� sin �77 � 𝜋

180
��

= 1.759 rad/sec

And

𝜔𝐿 cos𝜃 = 𝑣𝐴
Then

𝑣𝐴 = − (1.759 ) �
35
12�

cos �77 𝜋
180

�

= −1.154 m/s

The minus sign since 𝐴 moves down.

This can also be solved using vector method as follows

𝑣⃗𝐴 = 𝑣⃗𝐵 + 𝜔⃗𝐴𝐵 × 𝑟⃗𝐴/𝐵
Where 𝑟⃗𝐴/𝐵 = −𝐿 cos𝜃 ̂𝚤 + 𝐿 sin𝜃 ̂𝚥 and 𝑣⃗𝐵 = 5 ̂𝚤 is given. Hence the above becomes

𝑣⃗𝐴 = 5 ̂𝚤 + 𝜔𝐴𝐵𝑘̂ × �−𝐿 cos𝜃 ̂𝚤 + 𝐿 sin𝜃 ̂𝚥�

= 5 ̂𝚤 + �−𝜔𝐴𝐵𝐿 cos𝜃 ̂𝚥 − 𝜔𝐴𝐵𝐿 sin𝜃 ̂𝚤�

= ̂𝚤 (5 − 𝜔𝐴𝐵𝐿 sin𝜃) + ̂𝚥 (−𝜔𝐴𝐵𝐿 cos𝜃) (1)

And now comes the main point. We argue that 𝐴 can only move in vertical direction, hence
the ̂𝚤 component above must be zero. Therefore

5 − 𝜔𝐴𝐵𝐿 sin𝜃 = 0

There is only one unknown in the above. SOlving for 𝜔𝐴𝐵 gives

𝜔𝐴𝐵 = 1.759 rad/sec

Now we go back to (1) and find 𝑣⃗𝐴

𝑣⃗𝐴 = ̂𝚤 (0) − ̂𝚥 �1.759 �
35
12�

cos �77 𝜋
180

��

= ̂𝚤 (0) − ̂𝚥 (1.154)

Which is the same as method earlier. Notice we did not need to use 𝑅, the radius of the
disk.
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