TH Al

An insurance company needs to know the probability P(n) that the state of Calisota is hit by n
tornadoes in a year. They find there is a probability distribution:

n

P(n)oc £,
n!

where u=25.
a. What is the probability that there will be no tornadoes in Calisota next year?
b. What is the probability that Calisota will be hit by 4 or more tornadoes next year?
c.  What is the average number of tornadoes per year in Calisota?

ANSWERS
a. Itis convenient (though not necessary) to normalize P(n) first. We require £ P(n)=1, or

cz £ —Cer=1 = C=e, soP(n)ze"”u—.
" n! n!

0
Probability for no tornadoes is then P(0)=¢* % =e*=0.082=8.2%

b. We have

P(n>4)=1-P(0)- P(1)— P(2)- P(3)

0
P0)=¢" % =e”

1
P(0)=e™* % =pue”

2
P(0)=e¢™* % —LlpPe "

3
— :u_ 1,3, nu
P(0)=e 31 =ue
P(0)+ P(1)+ P(2)+ P(3) =¢ ™ (1+ u+1 47 +1 47 ) =0.757576
P(n>4)=1-0.757576 = 0.242424 = 24%
n © n-1 0 n-1

. . I U - U -
c. Wefind (n)=2XnPn)=e* In—=e*2 =ue "3 =puete! =u=25
< > n=0 ( ) n=0 n! n:lﬂ(n_l)! H n:l(n_]_)! H H
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TH B1

pressure
The pV diagram shows the Otto cycle, A

which is an idealized model of the thermo- c
dynamic processes in a gasoline engine.
Processes ¢ — b and ¢ — d are adiabatic,
and processes b — ¢ and d —a are iso-
choric (taking place at constant volume). b
The quantity r >1 is called the compres-
sion ratio. Show that the efficiency 7 of

|
|
|
the Otto cycle is : %
1 |
n=l-—7, ' a
P 5 "/ V >
where y =C, /C,. r volume
ANSWER
Qﬂ—>h=0 Qh_)czncv(]—;_];)>0
Q=0 Q™" =nC,(T, -T,)<0

I Q7 +Q" nCy(L-T)+nC(T,-T)) T.-T,+T,-T,
Qb% Qb% nCV (Tc _Tb) Tc _Tb

TV =LV = Tl =TT = 1=,
TV =TV = TWwW =Ty w' = T=y"T,

T -T,_r (0 -T)+T-T, 1| 1
T -T, r" T, -T) P 7

Now 7=
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MC Al

Mechanics easy

. Two block are connected by a massless cord which rolls

over a massless and frictionless pulley. Block A sits on

a level, frictionless surface, and is sliding to the right.
The masses of the blocks A and B are m, =7 kg and

m, =3 kg . Calculate the tension T in the cord.

SOLUTION
The blocks have the same acceleration, so
-T

i:aA:aB:% = mT=mmg-m,T = (m,+my)T=mm,g =
mA mB
T MM 73 2l 51g-206N

m, +m, 7+3 10
Check:

F
aA:_A:i: s o

m, m, m,+mg
IZZFB mBg—T_ m, _mytmy o my _omy . OK




Preliminary Examination

MC A2

Mechanics easy

A solid, uniform, 45 kg ball of radius 16 cm is supported against a
vertical, frictionless wall by a thin, 30 cm wire of negligible mass. Find
the tension in the wire and the magnitude of the force that the ball
exerts on the wall.

ANSWER
T
A A
/
reose / n=Tsing and mg=Tcose
/
[
* sing— 10 = 5_20358°
/! 30+16
/
N ey Tsinp i:tanqo = n=mgtanp=164 N
mg
T=—28 —470N
cos @
w =mg
\ 4
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MC A4

(a) We note that the angle between the cable and the strut is
a=0-¢=45°-30°=15".

The angle between the strut and any vertical force (like the weights in the problem) is f=
90° — 45° = 45°. Denoting M = 225 kg and m = 45.0 kg, and / as the length of the boom,

we compute torques about the hinge and find
- Mglsin B +mg(4)sin B Mgsin f+mgsin §/2
Isina sin '
The unknown length ¢ cancels out and we obtain 7= 6.63 x 10° N.
(b) Since the cable is at 30° from horizontal, then horizontal equilibrium of forces
requires that the horizontal hinge force be
F,=Tco0s30°=5.74x10°N.

and vertical equilibrium of forces gives the vertical hinge force component:
F,=Mg+mg+Tsin30" = 5.96x10°N.
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Section 1-1
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