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Q.1/ Find the transformation matrix for a rotation of the coordinate axes about z-axis

through an angle ¢ followed by a rotation about y’-axis through an angle .
[15 Mawks]

Q.2/ For harmonic oscillator system with: F(x) = —kx . What are?

(i) The potential energy, total energy and kinetic energy for a system.
(ii) Plot the graph of the energies of (i) as a functions of time t and position x.
(iii) Turning points of motion. [15 Mauwks]

Q.3/ For vertical motion with linear drag:
() What is the physical differential equation of motion?
(1) Define the terminal speed and characteristic time.
(111) At what time the speed of particle vy is at 95% of Vie?

(IV) Plot vy versus t for Vyg > Vie,? [15 Mawks]
Q.4/ df
r A
(a) Show that: E =00 [5+5+5 Marks/]
Using physical representation of the unit vectors in polar coordinates.
. L va
(b) Show that the tangential component of acceleration is given by a, =

(c) Find the corresponding point of (1,1,1) in Cylindrical Coordinates.

Good Luck Asst. Prof. Dr. Tahueen G. Abdullav
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Ans. of Q.1:

1.10: Verify the fransformation matrix for a rotation of the
coordinate axes about z-axis through an angle ¢ followed by a
rotation about y'-axis through an angle € .

About new v ' axis About - axis

(cos@ 0 -sin@) [cosg sing 0)
0 1 0 ‘ sing cos¢ 0 e¢——1" change
\sin@ 0 cos@ )\ 0 o 1)

2™ change . .
Successive (cos@cosg cosOsing -sinf)

changes ) ... sing cos¢ 0

\sinfcos¢ sinfsing cosb )

Ans. of Q.2:

Energy Consideration in SHM

|x = x,, cos( @t +¢) ”x =—x, osin( of + @) |

1.The potential energy dv(x)

V =—[F(x)dx = -] - fodx = %xxi

9=0

V= %R:r: = %R:r; cos” (@t + ¢)

2 The kinetic energy

T 1., 1 1 T gn? ot ’ E=I;=—];;CA3 0.2 Vix) .
i R LN B IAVAVAVAN ¢ - SR N -
E 1 x 1

=%}cr~:si.n:(wf—a§) meT

3. The total energy is
E=_T—V=1R:!1 =lk.4: =consi.
27" 2

turning points @ T'(x,) =0 ..x =%4
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Ans. of Q.3:

Vertical Motion with Linear Drag

+ Consider motion of an object thrown

vertically downward and subject to gravity * I f= —bvy
and linear air resistance. ¥ l v

+ The equation of vertical motion for linear
drag is determined by:

b

—t! ~t/
We found Vy = V},oe T+ Vo (1 —e z)

W= mg + Atr=flonehas v =v
= — by
m".v mg b"-" - Whereas for t—® v, =V,
. . . . et ety
* Gravity accelerates the object down, the *  Asthe simplest case, consider \?020 -
-, . . ie droppingan object from res! e
speed increases until the point when the _ir H
retardation force becomes equal in YV, =V (1 —€ ) =
magnitude to gravity. One then has + Afteran interval =
3 - t=1r ome percwar
- - = TR
mg v, =V (1-€7) =0.63v, . B
= — hy ;=W — — = + Bythetime {=3r the projectile R
0 mg bl.v Ver =% (a_ O) - b velocity is 3t 93% of w... . P
s w3
Note: ».r depends on mass m and linear drag coefficient 5. + Afteran interval =107 s s
v

i.e terminal speed is different for different objects. R
vy = 0.89995 v, = v, &




+  One canwiite equation of vertical motion nv. = me— by

¥ < ¥
+ as: S _
mv,=—b (13_ Vi )
+  Orin terms of differentials ma’v‘. =—
Plot of V. versus for different Vo + Beparate variables then change variable:
: . - - _— av, bt U=V, ~ V..
Let's take a look at the solution for r, =0 (dropping the projectile ¥ o bdr i i
from rest). In this case, the equation is just v, =V, m au=av,
—tit d bdt du .
which is plotted below. Vy =V (1 —e ) . Zﬂwe have A b —.kfa} — lnu=-k+C
\ + Or..

u=Ade™ vi—v, =47 s t=1/k=m/b

£] e
is the Characteristic time

»  Now apply initial conditions: when¢=0,v,=v,y 5 4= -
T vo " Ve
V. >1'= -
+  The velocify as a function of time isthus given by
t t
T 1 R oy it
1"_:; = Vi + (1";;0 vferk
Note that it is not enough to simply derive an equation. To really
understand the motion you need to sketch such plots, or look at
limiting behavior (e.g. position and velocity as { =« ).
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Ans. of Q.4:
P p.16: Show that the tangential component of acceleration is

Derivatives of Polar Unit Vectors: r given by:

)

. Ga)

a,=(a*~a})=(a* -

Recall- are lensth =ré
AF [nthiseass 6=48 andr=|f|=1

1 V- ¥=y
‘=viand a=a.7+an
av _ _dav
& E-\ +1-I=_1‘v
V-d=va_. so a, =—
v
X-a=2w
a’=a’ V-a=w

Ed

Ex.: What is the corresponding point of (1.11) in
Cylindrical Coordinates.

Sol.: N N S . )
8 =tan (X)) = tan"1(1) = 45
X
z=z=1

Thus, the corresponding point in Cylindrical Coordinates
is: (/2,45 1)

Ex.: What is the corresponding point of (/2.45°1) in
Cartesian Coordinates. HW)
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