Mechanics PHY 1505

Oct/Nov 2015 Exam
Memorandum
Question 1
Q=
(a) Rearrange the equation dt 14 the form 4=V anq integrate to obtain
Jod=J & 11 a s constant in time, then ®=""Yo or V=Vo*al _ (7)
_dv =
a3 C=VE o ade=vdv gy
(b) Rearrange the equation 4 16 the form or @A=VAV and integrate to obtain
L7 4 i3
. _r . ax==(v -vy) 1_ 2
Ia'dx_-r'-vw.lf"doesnotdependon",then 2 Y or V=Ver2ax
(8)
[15]

(a) For every action there is an equal opposite reaction. OR N
If object A exerts a force © on object B then object B will exert a force ~F on object A. (5)

(b) Model the ball as a particle undergoing circular motion in a vertical circle.
Visualize:
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Solve: Initially, the ball is moving in circular motion. Once the string breaks, it becomes a
projectile. The final circular-motion velocity is the initial velocity for the projectile, which we can find
by using the kinematic equation

vi=vi+2a,|y, -y, =0 m'/s’ =(v,)" +2{-98 m's’| (40 m -0 m| = v, =8.85 m's
This is the speed of the ball as the string broke. The tension in the string at that instant can be found
by using the r-component of the net force on the ball:

V,f. 2
):F,=T=M{7%=r=(o.1ookg»l—%%m;':—'—=n.m (15)

[20]



Visualize:
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We chose the origin of the coordinate system to be on the axis of rotation, that is, at a distance d from
one end of the rod.
(a) The moment of inertia can be calculated as follows:
I=:‘x'dm and ﬂ=£:=u!m=ldx
: ML L
(10)

M (R M
Ju= [ ¥dx= 2 = L=d) =(=d)' )= —{(L-d)' +d’
= le [?}3.%%“ Y- (dy)= (L -d) +d")

(b) For d =1L,

lsg[[%‘{q}] =|l2m.’ (5)

[15]

(a) Linear momentum and Kinetic energy (6)

(b) In the case of a perfectly elastic collision, the two velocities (v ), and (v, can be determined
by combining the conservation equations of momentum and mechanical energy.

Momentum conservation mulvi)a+mg(v,)g=m, (v ), +mglv, )y
Energy conservation %m,,( v, )’A+-;-m,[ v,)’,:%m,[ v )f‘&%m,,lv,)‘:,

(i) Because (v,);=0m/s wehave m,(v,),=m,(v,},+m,(v,), from conservation of momentum.

Therefore, (v,),=[v, ),—'—'::l(v, Jg . Substitute this in the energy equation to obtain
A

2
m,,(v,)f‘=m‘[(v,),‘--:l'-lv,),]+m,(v,)i , which leads to (v,),,u1+:—:)(v,),-z(v,),]=o .

_ 2m,
Therefore, (v’)'—m,‘«rm,(v')‘ . (8)
: o m . m, 2m .
(i) From the equation (v,L:(v,L—m—:(v,l, we obtain (V,)A=(V4)r;:“[m‘*;s(V.)4] we is
3 _m,—my
solved to give [v,),——m“m‘lv,)‘ 3 (8)

[20]



where Fs _ gravitational force

G = Universal gravitational constant

™ = mass of object |
™M = mass of object 2
" = distance between the two objects (5)

(b) We are given M, + M, =150 kg which means M, =150 kg - M,. We also have

] ]
GM M - =B.00x10" N=> MM, = (8.00x10™ NX0.20 m)

D TOSR .r0g
(0.20m) 6.67x10" Nom'/kg 8

Thus, (150 kg =M )M, = 4798 kg’ or M- (150 k)M, +(4798 k') =0. Solving this equation gives M, =103.75 kg

and 46.25kg. The two masses are 104 kg and 46 kg. (10)
[15]

Question 6

Visualize:

The figure shows a dam with water height d. We chose a coordinate system with the origin at the
bottom of the dam. The horizontal slice has height dv, width w, and area dA=wdy. The slice is at the
depth of d-y.

(a) The water exerts a small force dF = pdA= pwdy on this small piece of the dam, where p=pg(d -y) is
the pressure at depth d-y. Altogether, the force on this small horizontal slice at position y is
dF = pgw(d -~ y)dv. Note that a force from atmospheric pressure is not included. This is because
atmospheric pressure exerts a force on both sides of the dam. The total force of the water on the dam
is found by adding up all the small forces dF for the small slices dy between ¥y=0m and y=d. This
summation is expressed as the integral

[ " O 1 E
F.,,.-m[“ds-!dF=pyw!|d-ywy=pgw(yd-5n}[=3mwd (6)
(b) The total force is
F,.=4(1000 kg/m’)(9.8 m/s’|(100 m){60 m|” =1.76x10" N (5)

1 1 1
(© p+ypvi+pgy=constant OR p+3pVi+pgy,=P+3PVI+PIY,

where p = pressure
p = density of the fluid
v = velocity of the fluid
g = acceleration due to gravity
y = height (4)
[15]



