PHAS1245 - Problem Class 1 - Solutions

1. If z; and z5 are roots then

(x— 1) (2 — 29) = 2° — (21 + 22)x + 2129 =0 .
Comparing this with az? + bx + ¢ = 22 + gx + ¢ =0, we find

c
Ty +2x9=—— and z1x9 = — .
a a

2. (a) Let
*+3 A Bx+C

z(x? +2) ;+(m2+2) ’
thus 22 +3 = A(2? +2) + (Bx + O)z .
Choosing =0 we find A =32 and 2 +3 =327 + 3+ Ba? + Cu .
Comparing the coefficients of 2? , we find B = —1 .

Now choose x = 0 again to find that C' =0 .

r(z2+2) 2z 222 +1)
(b) Let
3 A B C

Gr—12 = Gr=1)  Br-1p

or3=ABz—1)>+ Bx(3z — 1)+ Cx .
Choosing =0 we find A =3 .
Choosing 2 = 3 we find C' =9 .
Then setting x = 1 we fine B = -9 .
3 9 9

3
Hence —— > =2 _
e TBr—12 7 (Br—1  (Ba-1p2

3. (a) Since cos(A + B) = cos Acos B — sin Asin B
cos2A = cos’ A —sin? A =1 — 2sin* A

(since cos? A = 1 —sin® A) .

Since sin(A + B) =sin Acos B + cos Asin B
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A
sin2A =2sinAcosA and sin A = QSiDECOSE

A 2tan4 2 tan 4
= 2tan — cos® — = Z = 2 .
2 2 sec?d  1+tan?2
A A A A 1 — tan® 2
S- A: 2__‘2_: 2—1—13 2_: 2'
mce cos Cos 5 sin 5 Cos 2( an 2) 1+t +tan2§

(b) For cos 260+ 3sin = 2 use cos 20 = 1 —2sin f to obtain 1 —2sin? -+ 3 sin 6.

ie. 2sin?f —3sinf +1 = (2sinf — 1)(sinf — 1) =0

5T

FOI’

bl )

1
and sin9:§ or 1 ie. 9:%,

For sinf 4+ 2cos@ = 1 use the expression for sinf and cosf in terms of tan g.
Let tang =t. Then

2t +2(1—t2)_
T+t2  (1+1¢2)

which yields 312 — 2t — 1= (3t +1)(t —1) =0 .

0 1 0 o 0 R
So tan§——§ or 1 and 5—161.57 or 5—45 ,

ie. 0 =2323.14° or 90°.

(Note - substituting for sine in the above would involve a square root and a
loss of sign information on squaring.)

(c)

) ) . 0+ 46 0 — 460 . 5o 30

sin @ + sin46 = 2sin 5 CoS 5 = 2 sin 35 coS 3

and 20430 20— 30 50 6
sin 26 4 sin 30 = 2sin _5 coS ; = 2sin ) cos 7"

Hence we get

. 50 36 . 50 i .0
sm; <COS? — cos@2> =0= s1n§ (—281n681n 5) =0
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So, # = 0 is a triple solution and the others are:

nw = 0 = bnr/2

2
there are no values of n other than 0 that are within the (—m, 7].

f=nmr=n=0,1

and # = pi is another solution, and finally
0/2 =nm

which again is only satisfied for n = 0 in the required range.

4. We have T T
El:l_TiHl and 62:1—%;
Tor — Tz
Ae =€ — € = ———
€ €9 €1 TH
which is negative if To > Ty
Ac Tor—Tes Ty Tor —Teo

€1 Ty Ty —Ter Ty —Ten

=15 — (.038 i.e. 3.8%.

For a gas power plant f—f = 3
732 = 0.064 i.e. 6.4%.

For a PWR nuclear plant f—f = 3

5. The formula for the binomial coefficients, which the students should look up in

their notes,is
nen n!
T RI(n — k)l
Hence |
5C, = o =1
° 7 0l6!
6!
6 6
C, = =6="0C

Hence
(a+0b)° = a® + 6a°b + 15a'b* + 20a°b® + 15a*b* + 6ab” + b° .



6. Sound takes time to travel from the car to the observer, Thus if the observer
receives the pulse at time t, then the (retarded) time this signal is emitted is
t minus the time the sound takes to cover the distance between the retarded
position of the car to the observer.

Thus [t] =t — [

- where [|77]] :\/(Z—v[t])2+x2+y2

(where z — v[t] is the retarded z position of car)
Le. c[t] —ct =[T7]
and squaring
At — 2ct[t] + *t? = 22 + v[t]? — 2z0[t] + 2* + 3
or
(@ =)t + 2020 — )t — (22 +y? =22+ A2 =0
and

2(zv — c2t) ] - (2% +y?) + 2% = 22
@7 @7

The above is a quadratic in [t], which we now solve by completing the square.
We find

[t]* + =0

c? —p?

The above, taking the negative square to ensure retardation and a very steady
nerve yields
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