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Part I: Questions (Choose the correct answer, 2 points each)

Fall 2020/2021 (January 9, 2021)

Q1. In the shown figure, the vector 4 is equal to ‘ oY
. D
(®i=B+¢-D *4d=-F+C-D ¢
xi=F-C+D  *A=C-B-D 3
— T —
A B
Q2. A particle is rotating uniformly clockwise in a horizontal circle as g
shown in the figure. The velocity and the acceleration of the particleat ~ _..ofeee, M
N\
point A can be described as: R

* P =+431m/s, d=—2] m/s? @ﬁ:—Sim/s, d=+2] m/s?
*$=+3im/s, d=+2] m/s® *D=-3im/s, d=—2] m/s?

N

Q3. If the speed of a freely falling object is increasing as a function of time, then its velocity and

acceleration, respectively are:

* negative and zero  * negative and positive  * positive and negative @negative and negative

Q4. The position time graph of an object traveling along the  x (m)

x-axis is shown. The average acceleration between t = 3s 10-
(point A) and t = 6s (point B) is: :__
* positive * negative 4-
@ zZero * can’t be determined 2-

Q5. Ball A is thrown horizontally (with a nonzero initial speed) from the top of a building. At the same

instant, ball B is dropped vertically (from rest). Neglect air resistance. The relations between the speeds

of the balls (var and vaf) and the times of fall (ta and tg) as they hit the ground are:

@ tA = tB and vAf > va 0
* tA > tB and vAf = va |
v

* ty =tgand vy = vy @ Ball B
ta > tg and vyr > vy ‘
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Part 11: Short Problems (2 points each)

SP1. IfA=2i+3j—3k, B=—-i—j+5k C=A4+B. Find the angle between the vector € and
the positive z-axis.

C=1i+2j+2k

y = cos™H(—=)

Cl

2
y = cos~ ! (g) = 48.2°

SP2. A bird starts flying with an initial velocity ¥ = 51— 6j + 4k, 10 s later the bird’s velocity is

¥ = 101 — 6§ — 8k . All velocities are in m/s. Find the average acceleration of the bird during this

10 s interval in unit vector notation.

i = V-V, _ 5i-12k
av t 10

= (0.5t — 1.2k) m/s?

SP3. Given A =3i+5j, B =—4k, C =2(4 x B). Find the vector C in unit vector notation.

Ax B =-200+12j

C =2(—200+ 12) = —401 + 24f
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SP4. The position of an object that moves along the x-axis is given by x(t) = 32t — t*, where tisins

and x is in m. Find the position of the object when it stops momentarily.

v(t)=%=32—4t3=0

t=38=2s

x(2s5)=3212)—(2)*=48m

SP5. A car starts from rest at the first traffic light and accelerates at 3 m/s? for 10 s to reach a speed of
30 m/s. After that it slows down at a rate of 2 m/s? to stop at the next traffic light. Find the distance

between the two traffic lights.

1 1
Ax; = vyt + Eat2 = 5(3)(10)2 =150m

vf—v§ 0—900
Ax, = P E— =225m

Ax = 150 + 225 = 375m

SP6. Att = 0 s a ball is thrown vertically upward from the ground with an initial speed of 20 m/s. After
2 s, a stone is thrown vertically upward from the ground with an initial speed of 25 m/s. How long

it will take before they pass each other?
Yp=DYs
20t — 5t%2 = 25(t — 2) — 5(t — 2)?

t=28s
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SP7. Vectors 4 and B have equal magnitudes of 6 m. The angle 6, = 30°, while the angle 6, = 70°. Find

the Vector 4 + B in unit vector notation.

R y
A=6cos30%+ 6sin30j = (5.21 +3])) m
B = 6cos401 — 6 sin40j = (4.61 — 3.9)) m x NI
B, B
A+B=(98{-09)m N X

SP8. A particle starts from the origin at t = 0 s with a velocity of ¥, = 18 m/s and moves with a constant
acceleration of @ = (=21 + 4j) m/s?. Find the particle’s velocity vector ¥ when its velocity is

perpendicular to its acceleration (v.d = 0).

Up = U, +dt = (18 — 2t)i + 4tf
v.d=0 = -36+4t+16t=0 = t=18s

7(1.8s) = (14414 7.2)) m/s

SP9. A car travels to the right with a speed of 15 m/s. Rain is falling vertically relative to the ground with a
speed of 4 m/s. Find the velocity of the rain with respect to the car in unit vector notation.
Urje = Ur/g = Vesg X

'Oy Wy
Y XL Y XL
Ry

=(—4j—-150) m/s

- =
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Part 111: Long Problems (4 points each)

LP1. A car starts from rest at point A and moves to the right with constant acceleration. It covers the first
100 min 12 s (from A to B).

|«——— 100m . 100m ——|
A B C

a) Find the car’s acceleration.
1 2
Ax = vy t +sa,t

2

100 = 0+ a,(12)? = a, = 1.39 m/s?

b) How long it will take to cover the next 100 m (from B to C).
1
200=0+ 5(1.39)t2 =>t=1697s

At =497 s

c) Which of the following three graphs represents the position of the car versus time?

X (m) x (m) x (m)

t(s) t(s) t(s)
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Fall 2020/2021 (January 9, 2021)
LP2. A projectile is fired from the ground level as shown in the figure.

a) What minimum vertical component of initial velocity (v, ) is needed to reach a maximum height of
325m

E
>
U;%:UJEO—ZQA)’ Q0 325 m
0
0 = vy —2(10)(325) 545 m | .
vy, = 80.6m/s

b) What is the horizontal component of the initial velocity (v, )

80.6
vyzvyo—gt:>t=7=8.06s

Ax 245
v, =—=—=304m/s
ot = 806
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LP3. A particle moves uniformly counterclockwise in a circule of radius (R = 6 m) as shown in the figure.

The particle rotates at 50 rpm.

a) Find the period of the particle’s motion.

b) Find the average velocity of the particle between points A and B, in unit vector notation.
(consider the first revolution)

Py =7y _6j—6i
At -(1.2)

-

Uav -

= (—2014+20j) m/s

c) Find the average speed between points B and C.

revy (2R (m)\ /1 (min)
= = 31.4
v =060 (min) < 1rev )( 60 (s) 314m/s
Or p=2mR _2314x6 _ 40, m/s
T 1.2
Or: 360°—>1.2s 360° > 2XmXR=37.68m

FromBtoC:143° = dg_, = 1497 m & tpc = 0477 s

1497
T 0477

=31.4m/s



