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Questions:

A
0

1. Given the vectors A = (4m)i — (3m)j and B = (—1m)i + (1m)]

(a) Find the vector D = 2A — B. 1P
Solution:

a~ ~
0 0

D =2 [(4m)i — 3m)j] — [(=1m)i+ (1m)j] = (9m)i — (7m)j

(b) Find the magnitudes of A and B. (1P
Solution:

Al = \/(4m)? + (~3m)2 = V25m? = 5m
Bl = \/(~1m)2 4 (Im)? = V2m? = v2m ~ 141m

(c) Find the angle between the vector D and the positive x-axis. (2 P)
Solution:

_7
9 = tan! (%) — tan~! (—mm) — _37.9° = 322.1°



2. A block of mass m; = 1kg on a rough horizontal surface is connected by a cord over
a massless, frictionless pulley to a ball of mass my = 2kg. The coefficient of kinetic
friction between the block and the horizontal surface is y; = 0.5.

m (a) Draw the free body diagrams for the block and the ball. (3P)

\

Ik (b) Calculate the magnitude of the acceleration of the block and
the ball. (2 P)

(c) Calculate the tension in the cord. (1 P)

Solution:

(a) free body diagrams for m; and m,
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(b) We get from the free body diagrams we get:

A

Y By = (~T+foi+ (Fy, —mg)j = —mai (1)
Zfz = (T —myg)j

j = —maaj 2)
writing (1) in component form gives:

—T+fk = —ma, FN1 —myg = 00— FN1 =mg = fk = ,ukFNl = Upmi§

so we get
—T + umg = —ma (3)
(2) gives:
T —mpyg = —mpa 4)
(3) + (4) yields to:
]/tkmlg — ng = —mya— moya

my — my  2kg —0.5-1kg 1

 omy+my © 2kg+ lkg §T 8T

(c) So we get for T from equation (4)

T = my(g —a) = 2kg (9.8?2 - 4.9%) — 98N

2



3. The position vector ¥(t) of a particle moving in the xy- plane is given by

—

(t) = (2> — 5t) i+ (6 — 7t*) j with ¥(¢) in meters and t in seconds.

(a) Calculate the position vectors att = 0 and t = 1s. (1 P)
Solution:

0) = (6m)i
f(1ls) = —(Bm)i— (1m)j

(b) Calculate the displacement of the particle betweent = 0 and t = 1s. (1 P)
Solution:

AF = #(15) — #(0) = (~(3m)i— (1m)]) — (6m)] = —(3m) i — (7m)
(c) Calculate the average velocity of the particle betweent = 0and t = 1s. (1 P)
Solution:

~
0

- A —(B3m)i— (7m)]j _ <3m) : <7m) A

Vs T AT T 15—0 B /)
(d) Calculate the instantaneous velocity and the acceleration of the particle att = 1s.
(1P)
. . 2 s 34 o _ my . ﬂ 2
V() = <6t 5) 1— 28t ) = v(1s) (1 ) i <28 5 ) ]
- . s 2% . . ﬂ s ﬂ N
a(t) = 12t1—84t°) = d(1s) = (1252) i (8452> j



4. During volcanic eruptions, chunks of solid rock can be blasted out of the volcano;
these projectiles are called volcanic bombs. The figure below shows a cross section of
Mt. Fuji, in Japan. From the vent A to the foot of the volcano at B, the vertical distance
is h = 3.30km and horizontal distance is d = 940m. Neglecting air resistance,

(a) calculate the time of flight, and (4 P)

(b) calculate the initial speed of the projec-
tile. (2P)

Solution:

First we have to set the coordinate system. If we select the coordinate system as
following;:

We get for the initial position and the acceler-
ation:

ty = 3.30kmj = 3300m i
a = —gj

(a) In order to calculate the time of flight we first consider the y- component of the
position vector

1 1
y(t) = yo+ oyt — 588" = yo — 58t*

The y-position at the time of the impact is according to the selection of our coor-
dinate system y = 0. So we have to solve the following equation

1 /2 2-3300
s

So, the time of flight is: t = 25.95s.

(b) As we also know the horizontal distance of the projectile we can easily calculate
the initial velocity in this case:

x—xp 940m—0

x(t) = xo + vot = vy = T = 505

— 36227
S

So we get for the velocity Vo = 36.222 1.



