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BINDURA UNIVERSITY OF SCIENCE EDUCATION
FACULTY OF SCIENCE AND ENGINEERING
DEPARTMENT: ENGINEERING AND PHYSICS

PROGRAMME: BACHELOR OF SCIENCE EDUCATION HONOURS DEGREE IN PHYSICS
(HBSCEAPH)

COURSE CODE (s) HPH 111/PH 101 (1): MECHANICS AND OSCILLATIONS

DURATION: 3 HOURS TOTAL MARKS: 100

INSTRUCTIONS TC CANDIDATES

Answer ALL questions in Section A and any THREE questions from Section B. Section A
carries 40 marks and Section B carries 60 marks.

Physical Constants

Gravitational Constant 6.67 x 1071t m3 kg~1s72 = 4 -
Gravitational Acceleration 9.80 ms 2 ﬁ@ QU“; 5
Speed of Light 3x108ms™t

Planck’s Constant 6.62607015 x 1073% J 5

Boltzmann Constant 1.380649 x 10723 J K1

Section A

1(a) (i) Describe the difference between average speed and instantaneous speed.
(2 Marks)

(i1} A car accelerates uniformly from rest to a speed of 25 m/s in 10 seconds.
Calculate the acceleration and the total distance covered. (4 Marks)

(b) (i) Explain how projectile motion can be analyzed as two independent motions in
horizontal and vertical directions.
(4 Marks)
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(i) A projectile is launched with an initial velocity of 20 m/s at an angle of 30° to the
horizontal. Calculate the maximum height and range of the projectile.
{7 Marks)

{c) A5 kg block is pulled across a frictionless surface with a constant force of 20 N.

Calculate the acceleration of the block.
(3 Marks)

(d) Define linear momentum and state its formula.
(2 Marks)

(e) Define work and calculate the work done by a force of 50 N acting over a distance
of 10 meters at an angle of 60° to the direction of motion.
(4 Marks)

(f) (i) Define simple harmonic motion and derive the equation for the period of a

simple pendulum,
(6 Marks)

(i) A mass-spring system oscillates with a frequency of 2 Hz. Calculate the spring

constant if the mass is 0.5 kg.
{4 Marks)

(g} (1) Explain the difference between angular velocity and angular acceleration. Give

an example of each.
(4 Marks)

(i1)A rotating disk accelerates uniformly from rest to an angular velocity of 10 rad/s in
5 seconds. Calculate the angular acceleration and the total angle rotated.
(4 Marks)
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Section B

2 A ball is thrown upward from the top of a building with an initial velocity

vy 20 m/s. The building is 40 m high and the ball just misses the edge of the building
roof on its way down; see Figure. 2.1 and take g = 10 m/s?. Neglecting air
resistance, find:

(a) the time t, for the ball to reach its highest point,

(2 Marks)
(b) how high will it rise,

(3 Marks)
(c) how long will it take to return to its starting point

{6 Marks)
(d) the velocity v, of the ball at this instant, and

(3 Marks)

(e) the velocity v; and the total time of flight ¢; just before the ball hits the ground
(6 Marks)

Figure 2.1
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3. In a cathode ray tube of a TV set, an electron with initial velocity

vy = 2% 10* m/s enters a region 2 cm long (see Figure. 3.1) where it is electrically
accelerated in a straight line. The electron emerges from this region with a velocity
v =3 X% 10°m/s.

(a) What was its acceleration, assuming it was constant?
{8 Marks)

(b) How long will the electron be in this region?
(12 Marks}

Figure 3.1
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4. Figure 4.1 shows the following three vectors:

Figure 4.1

Find
(a) the vector sum R of these three vectors?
(10 Marks)

(b) the magnitude of R ?
(5 Marks)

(c) the angle measured from the +x direction, (8 )?
(5 Marks)

5 (a) A block of mass m = 21 kg hangs from three cords as shown in part (a) of
Figure. 5.1. Taking sin @ = 4/5, cos & = 3/5, sin® = 5/13,andcos @ = 12/13,
find the tensions in the three cords.

(15 Marks)
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Figure 5.1

(b) Discuss frictional force.
(5 Marks)

6 A particle oscillates with a simple harmonic motion along the x axis. Its

displacement from the origin varies with time according to the equation:
x = (2m) cos(0.5mt + m/3)

where t is in seconds and the argument of the cosine is in radians

(a) Find the amplitude, frequency, and period of the motion.
(4 Marks)

(b) Find the velocity and acceleration of the particle at any time
(6 Marks)

(c) Find both the maximum speed and acceleration of the particle.
(4 Marks)

(d) Find the displacement of the particle between t = 0 and ¢ = 2s.
(6 Marks)

END OF PAPER
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Mechanics and Oscillations Formula Sheet

1.2: Kinematics

1 MECHANICS

1.1: Vectors

Average and Instantaneous Vel and Aeccel.:

. iy, = AFFALL i, = it
Notation: i = o, +uy,ju k de = AL AL iy = dEfdh

Magnitude: a = [if| = \’frrf + oty -0

Motion in a straight line with constant «:

4

Dot product: & b= a,b. +ugdy +a.b = abeas @ veusal, s=al+da®, e e’ = 20

i Relative Velocity: ¢y;5 = iy — g

(2

Txh i
Cross product:
il i R i

i b e (g — b )T+ {e b, — 1, 0.0 5+ (e by, — ay by )k

Projectile Motion:

|6 % b] = absind P
i

o=t g efainf - %_{;IQ
i 2
Fi2 i O
Py ain W sin 20 i ein® o
. R . H =
] 24

g = tand —

T =

1.3: Newton’s Laws and Friction

1.4: Work, Power and Energy

Linear momentum: p = e

Newton's first Law: inertial lramne. Work: W o= Fo 8 = F8ous ¢, W= T F-as

Newton’s second law: F =% Fue i - . - 2
e me Kinetic energy: K = fmp® = &£
Newton’s third law: faip = —Fas P T . P
Al B Potential energy: F == —#07 /8 for conservative furces.

Frictional foree! fuatic, max = eV Siietie = eV

; - ; o ip?
Deanniavionat = gl D, = Lk

. e R getrand
Banking angle: o= bl b e

A . . Work done hy conservative forces is path indepen-
. . e e I ) ;
Centripetal foree: [, = =5 o, = & dent and depends only on initial aud nal poiuts:

; Floser vative - €l = 0,

Pseudo forcer g = ~mdy,  Fronnne &= =

me”

Work-energy theorem: W = AK

Minimum speed to complete vertical circle:

p— —
inin. bottows = VI Pwin, tep = . . P "
inin. brrtows = 4/ 3L win. 1op = V4 Mechanical energy: F = U+ K. Conserved i lorees are

conservative i aiare.

JE— ) - .

A A e
. . p P{j\\"er e , j— o
Conical pendoelum: T = 27 \.i‘ -L,mk:* ] Fax KT By =1

1.8: Rigid Body Dynamics

. A ) e . .
Angular veloeity: w,, = —3\-'(— o ‘k]]—: oo w

favn] i S A e
=7 = (= W7

Anpgular Acecel.: o, = T
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Rotation about an axis with constant o
1.5: Centre of Mass and Collision

wom oy 4+ ok, e wt 4+ %nig, w? — i = 20

Vo a Soagrny o Jaadm
Centre of mass: «,,, = S Hew = i

Moment of Inertia: 7 =3 m;r?. I = fridm

CM of few useful configurations:

. P , s -

I T R T YOS PREN BT =t
1wy, s separated by e C . ' : ¥y i S R ac 3
gy g ! : v ! : : H wd

g sk ghell  spluds pd Bellow eedkd reclanghc

)

. Triangle (0 = Cendroll) w, = %

Theoretn of Parallel Axes: Iy = [, + ol

P

. Semnieirendar vings g =

=

4. Sewmicireular dise:

Theorem of Perp. Axes: [, = I, + I,

=t

Huwsispherical shell: 5, = .'):

Radius of Gyration: b = /T m

6. Solid Hemisphere: y, = —:{- % . "
%m. Angular Momenturn: L= v xp. L= Ju
7. Cone: the height of CA from the base is bfd for i . ¥opg
the solid cune and Ji83 for the hollow cone. Torque: = '%[", F=4 r=/fa ot

Motien of the CM: if =3 m;
1.8: Bimple Harmenic Motion

. Z g N . - Floe Hooke's law: F -~ —kr for sndl elongation o)
Hopy = === - Pew = MU, Bon = ——
AT M : . . B
Aceccleration: a = %F w20 s Sy
Impulse: J = [ Feli = Ap Time period: T -

Displacement: = Jdsinfud + &)

Aefore collision . After collision

.
Collision: @ @ b imi @ Velocityt » = Aucosw! + o =~ may' 7 - 22
: ' &ﬁ :
Ll

T S
Muesentim congervation: nnw +itam = e +rieeh
. . 2 o] 2 >, : o e Lpa? &
Elastic Collision: drrees”+dmaes® = fmyet 4 fanavd Potential energy: 7= shs " - ;J’
Coellicient. of restivulion
‘ ¥ N - . - -3 ] a
— {1y — g} 1. completely vlastic Kinetic cuergy i~ o p o«
£ DD me—————— S . .
B — 0, completely n-olastle A
Total cnergy: £ <"~ K = %nu:ﬁ"'
I = G and wry < s then B == g

Il o = & and w2y 3 wrie then r'g = Dy,
Elastic colllsion with vy = my @ v} = vy and o, = ¢,
1 N 2 'y 1

Bhnple pendolum: T -

Physical Pendulum: 7

Tarsional Pendulum
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Conservation of L: fou = 0 ==+ L = const.

P " . : 7RV S | ] . .
Equilibrium condition: 3. F =0, T#=0 Springs in series: gt *y b
- ‘ S LT R 11
Kinetic Energy: K = 1fu? )
Springs in parallel; k&, ~ &y + ks m 2
Dynamics: Ry
Tem = femrt, I"iﬁx!. = itiem. )”‘um = ity

" L 2,1 2 Fom P 3 it]
K= gmugy” + slone®s Lom Bt + Fon % M Superposition of two SHM s:

1.7: Gravitation , , .
xy o= Ay sinet, dr o A sinfort + d)

Gravitational force: F = G @v rF *@ F = -+t = Asinfwl + el
" A — \_,ft-h 2 Ao 4+ 20 Ascosd
. r G it
PR P L LA PR
Potential energy: U = T EPECHT

A+ Ascasd

[eX Y4
e

Gravitational acceleration: g =

Vaviation of g with depth: g, =g {1 — %)

Variation of g with height: gueae = ¢ (L~ &)

Effect of non-spherical earth shape on g
fal pule = S edquko E R, - Rp =z 21 lﬂu]

Effect of earth rotation on apparent weight:

o
™ e A

gy =g — et feos? O

Kepler's lawa:

First: Elliptical orhit witlt sun at one of the focus.

Second: Areal veloelly is constant. { dL/d0 = 0).
. P . . - a .

Third: 7% x *. Iu circular orbit 72 = (J—.’T]—}a“.
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