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Quiz 1:                   (10 pts)                                   30min 

Angry bird “Chuck”

represented here by point C is

launched from point “A” at

time 𝒕𝟎 = 𝟎 to hit a “pig”

represented by point “P” as

shown in the following figure.

The position vector of (C), in the given (x O y) reference, is:

Ԧ𝐫
𝐱 = 𝟐𝐭

𝐲 = −𝐭𝟐 + 𝟑𝐭 + 𝟏
where t in s and r in m



Quiz 1:                           (10 pts)                        30 min 

1. Determine the time expressions of the velocity vector and

its value of (C).

2. Determine the expressions of the acceleration vectors and

its value of (C).

3. Determine the launch speed and angle of “Chuck”.

4. Determine the coordinates of the highest point ‘B’ reached

by (C).

5. Determine the tangential acceleration vector on the highest

point ‘B’.



Ԧ𝐫 = ቊ
𝒙 = 𝟐𝒕

𝐲 = −𝐭𝟐 + 𝟑𝐭 + 𝟏

1.Determine the time expressions of the velocity

vector and its value of (C).

Ԧ𝐫 = 𝒙 Ԧ𝐢 + 𝒚 Ԧ𝐣

𝒓 = 𝟐𝒕. Ԧ𝒊 + −𝒕𝟐 + 𝟑𝒕 + 𝟏 Ԧ𝒋

𝒗 = 𝒓 ′

𝒗 = 𝟐. Ԧ𝐢 + −𝟐𝐭 + 𝟑 . Ԧ𝐣



𝒗 = 𝟐. Ԧ𝐢 + −𝟐𝐭 + 𝟑 . Ԧ𝐣

𝑽 = 𝑽𝒙
𝟐 + 𝑽𝒚

𝟐

𝑽 = (𝟐)𝟐+ −𝟐𝒕 + 𝟑 𝟐

𝑽 = 𝟒 + 𝟒𝒕𝟐 − 𝟏𝟐𝒕 + 𝟗

𝑽 = 𝟒𝒕𝟐 − 𝟏𝟐𝒕 + 𝟏𝟑



𝒂 = 𝑽 ′

𝑽 = 𝟐. Ԧ𝐢 + −𝟐𝐭 + 𝟑 . Ԧ𝐣

𝒂 = 𝟎. Ԧ𝐢 − 𝟐. Ԧ𝐣

𝒂 = −𝟐. Ԧ𝐣

2.Determine the expressions of the acceleration vectors and

its value of (C
𝒂 = 𝒂𝒙

𝟐 + 𝒂𝒚
𝟐

𝒂 = (𝟎)𝟐+(𝟐)𝟐

𝒂 = 𝟎 + 𝟒

𝒂 = 𝟐𝒎 ∕ 𝒔𝟐



𝑽 = 𝟐. Ԧ𝐢 + −𝟐𝐭 + 𝟑 . Ԧ𝐣; 𝒂 = −𝟐. Ԧ𝐣

𝐯𝟎𝐱

𝐯𝟎𝐲

3. Determine the launch speed and angle of “Chuck”

𝐯𝟎 = 𝟐 Ԧ𝐢 + −𝟐 × 𝟎 + 𝟑 Ԧ𝐣

At t=0:

𝐯𝟎 = 𝟐 Ԧ𝐢 + 𝟑 Ԧ𝐣



𝑽𝟎 = 𝑽𝟎𝒙
𝟐 + 𝑽𝟎𝒚

𝟐

𝐯𝟎 = 𝟐 Ԧ𝐢 + 𝟑 Ԧ𝐣

𝐭𝐚𝐧𝛂 =
𝐨𝐩𝐩

𝐚𝐝𝐣
=
𝐯𝟎𝐲

𝐯𝟎𝐱
𝑽𝟎 = 𝟐𝟐 + 𝟑𝟐

𝛂 = 𝐭𝐚𝐧−𝟏 𝟏. 𝟓 = 𝟓𝟔°

𝒕𝒂𝒏𝜶 =
𝟑

𝟐
= 𝟏. 𝟓

𝑽𝟎 = 𝟑. 𝟔𝐦/𝐬



Ԧ𝐫 = ቊ
𝒙 = 𝟐𝒕

𝒚 = −𝒕𝟐 + 𝟑𝒕 + 𝟏

4. Determine the coordinates of the highest point ‘B’

reached by (C).

At B: 𝒗𝒚 = 𝟎

𝒙𝑩 = 𝟐 × 𝟏. 𝟓 = 𝟑𝒎

−𝟐𝒕 + 𝟑 = 𝟎

𝟑 = 𝟐𝐭 𝒕 =
𝟑

𝟐
= 𝟏. 𝟓 𝐬

𝒚𝑩 = − 𝟏. 𝟓 𝟐 + 𝟑 × 𝟏. 𝟓 + 𝟏

𝒚𝑩 = 𝟑. 𝟐𝟓𝐦



5. Determine the tangential acceleration vector on the highest

point ‘B’.

𝒂𝒕 = 𝒗′

𝒗 = 𝟐. Ԧ𝐢 + −𝟐𝐭 + 𝟑 . Ԧ𝐣 ; 𝑽 = 𝟒𝒕𝟐 − 𝟏𝟐𝒕 + 𝟏𝟑

𝒂𝒕 =
𝟖𝒕 − 𝟏𝟐

𝟐 𝟒𝒕𝟐 − 𝟏𝟐𝒕 + 𝟏𝟑

𝒂𝒕 =
𝟒𝒕 − 𝟔

𝟒𝒕𝟐 − 𝟏𝟐𝒕 + 𝟏𝟑

𝒖𝒕 =
𝒗

𝒗

𝒖𝒕 =
𝟐 Ԧ𝒊 + (−𝟐𝒕 + 𝟑)Ԧ𝒋

𝟒𝒕𝟐 − 𝟏𝟐𝒕 + 𝟏𝟑

𝒗 = 𝒗. 𝒖𝒕



𝒂𝒕 = 𝒂𝒕 × 𝒖𝒕

𝒂𝒕 =
𝟒𝒕 − 𝟔

𝟒𝒕𝟐 − 𝟏𝟐𝒕 + 𝟏𝟑 𝒖𝒕 =
𝟐 Ԧ𝒊 + (−𝟐𝒕 + 𝟑)Ԧ𝒋

𝟒𝒕𝟐 − 𝟏𝟐𝒕 + 𝟏𝟑On B; t = 1.5 s

𝒂𝒕 =
𝟒(𝟏. 𝟓) − 𝟔

𝟒(𝟏. 𝟓)𝟐−𝟏𝟐(𝟏. 𝟓) + 𝟏𝟑

𝒂𝒕 =
𝟎

𝟏𝟑

𝒂𝒕 = 𝟎

𝒂𝒕 = (𝟎) × 𝒖𝒕

𝒂𝒕 = 𝟎



6.Deduce the characteristics of the normal acceleration

vector on the highest point ‘B’.

7.Determine the equation of the trajectory followed by (C).

8.Knowing that “P” is located at (9m; – 0.5m); would (C) hit

its target point? Justify



6.Deduce the characteristics of the normal acceleration vector on the
highest point ‘B’.

𝒂 = 𝒂𝒕 + 𝒂𝒏

𝒂𝒕 = 𝟎; 𝒂 = 𝟐. Ԧ𝒋

𝒂𝒏 = 𝒂 − 𝒂𝒕

𝒂𝒏 = −𝟐 Ԧ𝒋 − 𝟎

𝒂𝒏 = −𝟐 Ԧ𝒋

• Origin: point ‘B’

• Direction: down

• Line of action: vertical

• Magnitude: 𝟐𝒎 ∕ 𝒔𝟐



7. Determine the equation of the trajectory followed

by (C).

𝐱 = 𝟐𝐭

𝐲 = −𝒕𝟐 + 𝟑𝐭 + 𝟏

𝐲 = −(
𝒙

𝟐
)𝟐 + 𝟑(

𝒙

𝟐
) + 𝟏

𝐲 = −𝟎. 𝟐𝟓𝒙𝟐 + 𝟏. 𝟓𝒙 + 𝟏

Parabolic shape

Ԧ𝐫 = ቊ
𝒙 = 𝟐𝒕

𝐲 = −𝐭𝟐 + 𝟑𝐭 + 𝟏

𝒕 =
𝒙

𝟐

Substitute x in the expression of y

𝐲 = −
𝒙𝟐

𝟒
+
𝟑

𝟐
𝒙 + 𝟏



8.Knowing that “P” is located at (9m; – 0.5m); would
(C) hit its target point? Justify.

𝐲 = −𝟎. 𝟐𝟓𝒙𝟐 + 𝟏. 𝟓𝒙 + 𝟏

−𝟎. 𝟓 = −𝟎. 𝟐𝟓 × 𝟗𝟐 +𝟏. 𝟓 × 𝟗 + 𝟏

−𝟎. 𝟓 = −𝟐𝟎. 𝟐𝟓 + 𝟏𝟑. 𝟓 + 𝟏

−𝟎. 𝟓 = −𝟓. 𝟕𝟓 𝒊𝒎𝒑𝒐𝒔𝒔𝒊𝒃𝒍𝒆

The point “P” doesn’t exist on the trajectory, Then (C)

doesn't hit its target point “P”





The motion of a particle is defined by:

𝒓 = 𝟐𝒔𝒊𝒏 𝟑𝒕 . Ԧ𝒊 + 𝟐𝒄𝒐𝒔 𝟑𝒕 . Ԧ𝒋 , where [r and t in SI]

1.Determine the speed of the particle at any time t.

2.What is the shape of its trajectory?

3.Deduce that the motion is U.C.M.

4.Locate the particle at the instants t = 0 s and t =
𝛑

𝟔
s.

5.Determine the average velocity vector between the above instants.

6.Find a relation between the position and the acceleration vectors.

Quiz 2:                         (10 pts)                            20 min 



1. Determine the speed of the particle at any time t.

The velocity vector is the derivative of position vector:

𝒓 = 𝟐𝒔𝒊𝒏 𝟑𝒕 . Ԧ𝒊 + 𝟐𝒄𝒐𝒔 𝟑𝒕 . Ԧ𝒋

𝐯 = Ԧ𝐫 ′

𝑽 = 𝟐 × 𝟑𝒄𝒐𝒔(𝟑𝒕) .Ԧ𝐢 − 𝟐 × 𝟑 sin 𝟑𝒕 . Ԧ𝐣

𝑽 = 𝟔𝒄𝒐𝒔(𝟑𝒕).Ԧ𝐢 − 𝟔 𝒔𝒊𝒏 𝟑𝒕 . Ԧ𝐣



𝒗 = (6cos(3𝑡))𝟐+ 6sin(3𝑡) 𝟐
𝐜𝐨𝐬𝟐 𝛂 + 𝐬𝐢𝐧𝟐 𝛂 = 𝟏

𝒓 = 𝟐𝒔𝒊𝒏 𝟑𝒕 . Ԧ𝒊 + 𝟐𝒄𝒐𝒔 𝟑𝒕 . Ԧ𝒋; 𝑽 = 𝟔𝒄𝒐𝒔(𝟑𝒕).Ԧ𝐢 − 𝟔 𝒔𝒊𝒏 𝟑𝒕 . Ԧ𝐣

𝑽𝒙
𝟐 + 𝑽𝒚

𝟐

𝒗 = 𝟑𝟔𝒄𝒐𝒔𝟐(𝟑𝒕) + 𝟑𝟔𝒔𝒊𝒏𝟐(𝟑𝒕)

𝒗 = 𝟑𝟔 𝒄𝒐𝒔𝟐 𝟑𝒕 + 𝒔𝒊𝒏𝟐 𝟑𝒕

𝒗 = 𝟑𝟔 𝟏

𝒗 = 𝟔𝒎/𝒔



2.What is the shape of its trajectory?

𝒙𝟐 + 𝒚𝟐 − 𝟐𝐚𝐱 − 𝟐𝐛𝐲 + 𝐜 = 𝟎

𝐱 = 2𝑠𝑖𝑛(3𝑡)

𝐬𝐢𝐧 𝟑𝐭 =
𝐱

𝟐 𝐬𝐢𝐧𝟐 𝟑𝐭 =
𝐱𝟐

𝟒
𝐲 = 2cos(3𝑡)

Add the two equations:

𝐜𝐨𝐬 𝟑𝐭 =
𝐲

𝟐 𝐜𝐨𝐬𝟐 𝟑𝐭 =
𝐲𝟐

𝟒

𝐜𝐨𝐬𝟐 𝟑𝐭 + 𝐬𝐢𝐧𝟐 𝟑𝐭 =
𝐱𝟐

𝟒
+
𝐲𝟐

𝟒

𝐜𝐨𝐬𝟐 𝟑𝐭 + 𝐬𝐢𝐧𝟐 𝟑𝐭 = 𝟏

𝟏 =
𝐱𝟐

𝟒
+
𝐲𝟐

𝟒

Circular shape 



3. Deduce that the motion is U.C.M.

Since the speed is constant at 𝒗 = 𝟔𝒎/𝒔 Uniform motion

Since the trajectory is circular shape then: Circular motion

Then the motion is U.C.M



4.Locate the particle at the instants t = 0 s and t = 
𝛑

𝟔
s. 

For t = 0: 

𝒓 = 𝟐𝒔𝒊𝒏 𝟑𝒕 . Ԧ𝒊 + 𝟐𝒄𝒐𝒔 𝟑𝒕 . Ԧ𝒋

𝐱 = 2𝑠𝑖𝑛(3 × 𝟎)

𝐲= 2

The particle is at point (0;2)

𝐱 = 2𝑠𝑖𝑛(0) = 0

𝐱 = 2𝑠𝑖𝑛(3𝒕)

𝐲 = 2cos(3𝒕) y= 2cos(0)



For 𝐭 =
𝛑

𝟔
𝒔:

t=𝟎

𝐱 = 2𝑠𝑖𝑛(3 ×
𝛑

𝟔
) = 2𝑠𝑖𝑛(

𝛑

𝟐
) = 2

𝐲 = 2cos(3 ×
𝛑

𝟔
) = 2cos(

𝛑

𝟐
) = 0

The particle is at point (2;0)

𝒕 =
𝛑

𝟔



5. Determine the average velocity vector between the

above instants

𝒗𝒂𝒗 =
∆𝒓

∆𝒕
=
𝒓𝟐 − 𝒓𝟏
𝒕𝟐 − 𝒕𝟏

𝒗𝒂𝒗 =
𝒓𝟐 − 𝒓𝟏
𝒕𝟐 − 𝒕𝟏

=
2 Ԧ𝒊 − 2 Ԧ𝒋
𝛑
𝟔
− 𝟎

t=𝟎

𝒕 =
𝛑

𝟔𝒓𝟏 = 𝒓(𝒕=𝟎) = 0 Ԧ𝒊 + 2 Ԧ𝒋

𝒓𝟐 = 𝒓
(𝒕=

𝛑
𝟔
)
= 2 Ԧ𝒊 + 𝟎 Ԧ𝒋

𝒗𝒂𝒗 = 3.81 Ԧ𝒊 − 𝟑. 𝟖𝟏 Ԧ𝒋



6.Find a relation between the position and the acceleration vectors.

𝐚 = 𝐯 ′

𝐚 = 6 × 3sin(3𝑡). Ԧ𝐢 − 𝟔 × 𝟑𝒔𝒊𝒏 𝟑𝒕 . Ԧ𝐣

𝐚 = − 18 sin(3𝑡) Ԧ𝐢 − 18 cos(3𝑡)Ԧ𝐣

𝒓 = 𝟐𝒔𝒊𝒏 𝟑𝒕 . Ԧ𝒊 + 𝟐𝒄𝒐𝒔 𝟑𝒕 . Ԧ𝒋; 𝑽 = 𝟔𝒄𝒐𝒔(𝟑𝒕).Ԧ𝐢 − 𝟔 𝒔𝒊𝒏 𝟑𝒕 . Ԧ𝐣

𝒂 =− 9[ 2 sin(3𝑡) Ԧ𝒊 + 2 cos(3𝑡)Ԧ𝒋]

𝐚 =−9 Ԧ𝐫




