Solutions Miscellaneous 1

|Complete Solutions to Miscellaneous Exercise 1 |

1 v-ur vV u? (u)z
1. Cancel out —p to give ———=1l-—=1-|-
P08 Ve VARV Va v

2. We have
P, P, =pg(d-d,)-pgld-d,)
= pg[d ~d,—(d -4 )](taking out the common factor pg)

= pg[@';_@ —d, + d1:|
=0

= pg(dl - dz)
= —pgld, —d,)
3. We have

2 2
V Vv, =V,
h:—z(Vz—Vl)— : :
g 29
To obtain a common denominator of 29, multiply the first term of the

Right Hand Side by %(= 1)

2 2
Vo =y

29

2V
h :2_92(\/2 _Vl)_

= #[sz (v, —v;) - (Véz _V12):|

takingout the
common factor

1
= E[ng —2V,V, —V; +vf]

= %[vf —2VV, + vzz}
1 2
= 2_[V1 -V,
by (1.14)
h = (Vl _Vz)2
29
4. We have 41, 43,47 ,53,61 and 71. All answers are prime numbers.
5. (a) Straightforward substitution gives f, =2.25 kHz .
(b) First transpose the formula to make C the subject:

1
f—— -
* 2zJLC

Taking inverse of both sides gives

27/L :fi

0

(1.14) a2—2ab+b2:(a—b)2
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Solutions Miscellaneous 1

Dividing both sides by 27 gives

Jic- 1

2 f,

2
LC = 1 _ 1 :
27 f, 2z f,)

C=%
(xf,)’L

To find the value for C substitute f, =1000and L =1x10"
1

C=
(2 7% 1000)* x (1 x107)
=253 uF
6. Simple transform of formula.
7. Substitute the values and add to find lR and then take the inverse to

obtain R=1000Q2.
8. We can factorize the Right Hand Side to give

D= % pA(C, +kC} )

2D = pA(C, +kC; )’
Divide both sides by pA(C, +C} );
22D
C T pAC, +kCY)

p= |—2D
pA(C, +kC?})

9. Factorize the % I and then multiply both sides by 2 and eventually
2E

divide through by v, —V. to give | =— 7z
1~ 2
10. We have
&-}-ﬁ-i- _ﬁ+£+h
2
P9 29 P9 29
Subtract % and h, from both sides:
P
V2 D P V2
_1:_2__1+(h2_h1)+_2
29,9 P9 29
P, — Py V22
=———=+(h,-h)+—*=
P9 (h, 1) 29

Multiply both sides by 2g
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(pz_pl) A
WPa= P og(h,—h)+2g 22

=[@}29<m—m+v§

So taking the square root gives

12
v, :{—Z(pz _ Iol)+2g(h2—h1)+v22}
P

Vi =29

11. (a) 5x=1 givesx:%
(b) 3X+2=8 leads to 3x=8-2=6, x:gzz

© (X=1)(x+2)=0 gives
X—1=0o0rx+2=0
x=lorx=-2
(d) (3x=1)(2x+3)=0 gives
3x-1=00r2x+3=0
3x=1or2x=-3
x=Lor x=-2
3 2
12. Substituting y=10, u=14 into the equation gives
10=14t—(%><9.8xt2J

=14t — 4.9t
Rearranging
4.9t —14t+10=0 (*)
How do we find t?

(*) 1s a quadratic equation so use formula (1.16) with
a=4.9,b=-14and c =10.

. 14+ y(-14) —(4x 4.9x10)
- 2x4.9

14+£0

9.8
t=1.43s
13. Squaring both sides of u gives

2 2PV, {1_ A } “)

r-1 RV

From the question we have

_ —b++/b?—4ac

2a

(1.16) X
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RV, =RV/

1

..V P . PV, .
Substituting V_Z :[Flj into 1-—%-—% gives
2

1 Pl Vl
1
1_5&:1_5@}7
AV A\ R
_1
4
A\ AR
1

by (1.5)
Putting this into (*) gives
1
1-=
u? = 2yRV, 1— & 7 *)
y-1 R
To evaluate u we need to find P, first, how?
Use
RV, =RV
e
VZ
Substitute

y=139, P =52x10",V =3.1x107°, V, =5x10"
into the above

3.1x107°

1.39
P, = (5.2 x 106)( T j =2.68 x10°

and P, =2.68 x 10° into (}) gives

(1.5) a"d =a
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Solutions Miscellaneous 1

1

, (2x1.39x5.2x10°x3.1x10™°) L[ 2.68x10° i3
u" = —
5.2x10°

1.39-1

0.28
=114906.67|1- (@j
5.2

=19464.12
u =140 m/s

14. By transposing and expanding you result in a quadratic
R +8R-39=0. Use (1.16) with a=1, b=8 and c=-3 to give R=3.42Q.
15.(a)
x* =7x+10=(x-5)(x-2)=0
Xx-5=00rx-2=0
X=50rx=2
(b) By (1.15)
x?—1=(x-1)(x+1)=0 which gives x=1, x=-1.
(¢) 2x* =3x+1=(2x-1)x-1)=0. So we have
2x—-1=0,x-1=0
x:i,x:l
2
(d) 15%* —x—2=(5x—2)(3x+1) =0 This gives
5x-2=0,3x+1=0
5x=2,3x=-1
2 1

X==,X=—2=
5 3

(e) First divide through by -100, so we have
x*—4x+3=0
(x=3)(x-1)=0
x=3,x=1

16. Use TABLE 1. You should get all coefficients into M°L°T® -
dimensionless.

w
17. Factorize by taking out the common factor of 36El :
= Y4’ + I
= Semr )
. . L n’z’El . 6
18. (i) Straightforward transposition gives P = E (1) P=12x10" N
(1.15) a’=b*=(a—b)a+b)
~b++/b*—4ac
(1.16) X=

2a
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19. (a) Puta=1,b=3and ¢ =1 into (1.16) to solve X’ +3x+1=0:

_—3i4/9—(4><1x1)

X =
2

3445
2

—3++5 —3-45
2

orx=
2

Xx=-0.38 or x =-2.62
(b) Similarly put a=1,b=4and ¢ =2 into (1.16), hence
x=-0.59, x=-341

(c) With a=5,b=2and c=-1 into (1.16) gives Xx=0.29, x=-0.69 .
(d) With a=-2,b=-3and c=1 into (1.16) gives x=0.28 , x=-1.78.

20. We have

C= _r
2
k—ma
- F/k
divide num;§or 1 mao
and denominator by & k
Rk
e
kim
F /k
= 0052 because @ =+k/m
l-—
(0]
F /k a
=L because r=—

1-7 ®
21. Expand the brackets and solve the simultaneous equations to give
I=0.022A and 1, =0.07 A
22. Equating P =pRTand P =kp' gives

PRT =kp’
4
2 _RT hich gives pr* =81
P wie K
1
Substituting p'~' = R—kT into v = (ykpy'l)2 gives
RT ) |2
v=|7K| —
{7 ( ‘ ﬂ
1
:(yRT)z
V=,/yRT
" —b ++/b* —4ac

a
1.6 —=a"" 1.16 X =
(1.6) " (1.16) oa
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23. Taking out the @ gives
2
¢ -2 3)

g \d, d
2Q%(d,—d
(d,~d,)(d, +d,)= 22 [ L J
by (1.15) g 12
Divide both sides by (d, - d,):
2Q°
d,+d, =% *
1% =, *)
We are also given
Fo_Q

Jod?
Q=Fod

Squaring both sides gives

Q* =F’gd;
Substituting this into (*) gives
d,+d, = m
gd,d,
2F?d?
= T

Multiplying both sides by d,:
d? +d,d, = 2F?%d;

Dividing both sides by d’ gives
d? +d,d,

= 2F?
d;
d_€+d2(jl =2F2
dl dl
d,) d
[—2] +—2_2F2=0 (**)
d ) d

) d, . ) )
Putting x= d_2 into (**) we have a quadratic equation X +x-2F*=0
1

How do we solve for x?
Use formula (1.16) with a=1, b=1and ¢ = -2F?

) —11\/1—[4x(—2F2)}

X
2
2
2
(1.15) a’-b’=(a-b)(a+b)  (1.16) x:‘bim

2a
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. d .
Putting x =—% as before we obtain our result

| T W

dl
24. (a) x=1, y=1 (b) X=58/5,y=-33/5  (c) x=1.77, y=0.85

JG
25. From o’ =I we have

JG

I

L =
w

o .. JG :
Substituting this into «’ = —— gives
(I +2mr )L
> JG
(I +2mr?

a JG

o’l
__ ol
I+ 2mr?
Multiplying both sides by | +2mr? gives
(1+2mr*)a’® = &’
la? +2mria? = »’l
o’l —a’®l =2mria?

I (a)2 —az) =2mr’a’

|- 2mr?a?
a)z —CXZ
26. Use formula (1.16) witha=m, b=¢ and c=-3. For the second part we have
1- 42ka -0
&% =4mk
¢ =~/4mk
=2J/mk

Ignore the negative root because { >0 in question.

27. Apply transposition.
28. Put Xx=0" into the given equation to get

x* —402x + 800 =0 (remember x* = (w2)2 =)

(x—400)(x-2)=0

x =400, x =2
Putting back @’ =X we get

o’ =400, ®° =2
Thus
©,=20, 0,=-20, 0, =v2 and o, =—2

Remember the square root gives a positive and negative root.
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29.Putting y= o’ into the given equation

W2 ngkx2 N g° 2kxg
¢ me?
2 ol 8, lo + g) +
y me )Y
g) 2kx’g
i ith a=1,b=-2| =+— c=|2 .
Solve for y by using (1.16) with (K +m£2J and [ﬁ} + YR
2 2
o2 J{ j (8] 2]
9. kx> 9. kx? _(gjz_kazg )
¢ ¢ e 14 me®

We can simplify the expressmn under the square root:

[g ke’ (g) 2kx’g
mﬁ)

gives

ml’

=(§) 2gkx +[kx2\2_(§)2_2kng
\/ tm2  \m2) ") T T

by (1.13)

kx
= [ 7 j (the other terms cancel out).
Substituting this into (1) gives

- (g kx?) (m;)z

_(5 ke’ kx2
- ) S
y:§+kx2+ﬁz ory:§+kx2 kxz
¢ mf ml ¢ m mp
2kx? )
me?
g ? g
So y==+ or y==
Remember y=o’; So
2
== g+2k)(2,@:i g
N 114 /
—b++b% -
(113 (a+b) =a*+2ab+b®  (116) x= 2P 4

2a



Solutions Miscellaneous 1

g g 2kx’
a)I:J%,a)Z:—a)l, ®, = ?—i_m@z and o, =-w,
30. Make L the subject of kL® = Z, substitute into w to obtain formula.

31. Taking out the common factor of % on the Right Hand Side gives

Elyzg_(L—x)L—(L_X)a_

Dividing both sides by El gives
W (L—x)®

=—|(L-x)L-
y 6EI_( )

By question we know w= 0and El# 0 so the expression in the square

brackets must equal zero to give zero deflection, y=0. Thus

(L—x)°
L

What do you notice about Left Hand Side?

(L—X) is common to both terms because (L— X)* = (L-x)(L- X)?
by (1.5)

(L—x)L— =0

So we take out the common factor
_ 2
(L-x)[L-%} -0

(L-x)°
L

We know have (L—X)=0or {L— =0. The first equation gives x=L.

L-x
How can we find X in the second equation {L— ( 1 ) } =09

Multiplying both sides by L gives
L2 —(L-x)"=0
Expanding the second term:
L* - (L -2Lx+x*)=0
by (1.14)
> —L®+2Lx-x*=0
=0
Taking out the common factor of x:
x(2L-x)=0
x=0o0rx=2L
The deflection iszeroat x=0 and x=L. Also x cannot equal 2L because the
length of the beam is L.

(1.5) a"
(1.14) (a-
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