Differentiation Il

Differentiating other functions

Answers to additional problems
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The box on p. 295 tells us the exponential can be written as the following series,

1+ @2x) . (2x)? . 2x)* B

=X =
y=e 1! 2! 3!
Differentiation yields,
dy _2x° . 2x2%x! N 3x2%x*
dx 1 2! 3!
Cancelling yields,

dl=2(1+ 2x)* +@) = 2 exp(2x)
dx 1! 2!

Putting terms into eqn (14.2), d[dAt]t =—k[A], exp(—kt)
* The argument of the exponential remains unchanged following differentiation.
e The factor before the exponential operator has been multiplied by the derivative of the
argument (in this example by —k).

We will start by multiplying the left-hand side of eqn. (1) by dp + dp (which is 1) and
obtain,

dlnp ><dip_dlnpxdip

dr “dp dp 4T’

F (14.3), 422 1

rom eqn. 3),——=—.
q dp p

dinp dp_dp 1

dT dp dT p

so rewriting the left-hand side of eqn. (1) yields dp 1 = %
>dT p  RT?

Cross multiplying by p generates eqn. (2).
We can rewrite the argument of the logarithm as cT. Here c is a jumble of all the constants in
the question. The expression becomes S_ = R In cT. From eqn. (14.3), the derivative of the
logarithm’s argument is 1/T. So all the constants in the logarithm vanish.

There is also a constant written in front of the logarithm term, R. Equation (14.4) tells us
to multiply it by 1/T. The answer is therefore,

s _R
dT T

e The bracket vanishes because the source equation is a logarithm of the kind In (ax) and
eqn. (14.3) tells us the factor a vanishes. In this example the factor a is (e¥2 kT/p© A®).
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14.5 For simplicity, we first rewrite the equation as y = b sin ax, where a and b are constants.

Using eqn. (14.6), we say, a = %, b= %, and

dyy/dx = (ab)cos bx

. . . dy (2nzx nwx
Re-inserting for a and b yields, e =( 2 j COS[T].

*  The argument of the trigonometric function has not altered during differentiation.
14.6 We differentiate, asgxl = kA cos (kx) —kB sin (kx) = k{ A cos (kx) —B sin (kx) }

* Asusual, the arguments of both the sine and cosine terms remain unchanged in this
derivative.

e The factors before the sine and cosine operators have been multiplied by the derivative
of the argument (in both cases here, by k). This is an example of the chain rule covered
in more detail in Chapter 15.

The second differential, which we discuss in Chapter 17, is:

d*y

-

kA x —ksin(kx)—kBxk cos(kx)

which can be simplified further to give

d*y
dXZ

=Ky

This form of wavefunction is a possible solution for the Schrédinger equation.

14.7 The domain of the argument means the volume V must always be positive. (In fact, a nega-
tive volume makes no physicochemical sense anyway.) The derivative of the logarithm is
the reciprocal of the argument,

das _ p 1 _nR
dav Vv v
We lose the ¢ term during differentiation because it’s a constant.

14.8 The derivative of the logarithm is the reciprocal of the argument,

s . 1 ¢
dr T T

. a
14.9 The powerseriesis w=j| 1+ +

b4
, where k=—"-
ao

1 2 3
For simplicity, we say j (1 + % + (kzr') + %]

dy _ [ 2K°r |, 3K

d —+ +- ] which has a common factor of jk
-

A CTRE TR

1 2.2
d—"’:jk(1+kL+ kr +~~~]=jke"’
dr 1! 2!

We again demonstrate the validity of eqn. (14.2).
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14.10 Inserting terms into eqn. (14.2),

d“’:(i) x—Cexp(—¢r)
V3

/dr
The pre-exponential ~ The coeffi- The exponential’s
factor has not cient from the argument always
changed. differentiation remains constant

To tidy the derivative, we note how ({*)" is {*2. and 7" = \/; . Therefore,

%
dv [ S ] ool
dr_[\/;] (ehexp(=n

%
‘fi‘;’[j;]exp(gr)
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