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We begin by describing a general type of universality that will help motivate the definition
of tensor product. Our description is strongly related to the formal notion of a universal
arrow (or universal element) in category theory, but we will be somewhat less formal to
avoid the need to formally define categorical concepts. Accordingly, the terminology that
we shall introduce is not standard (but does not contradict any standard terminology).

Referring to Figure 14.1, consider a set A and two functions f and ¢, with domain A.

A—TL-g

X
Figure 14.1

Suppose that this diagram commutes, that is, that there exists a unique function 7 : S —
X for which

g=r1of.

What does this say about the relationship between the functions f and g7

Let us think of the “information” contained in a function h : A — B to be the way in
which h distinguishes elements of A using labels from B. The relationship above implies
that

g(a) # g(b) = f(a) # f(b).

This can be phrased by saying that whatever ability g has to distinguish elements of A
is also possessed by f. Put another way, except for labeling differences, any information
contained in ¢ is also contained in f. This is sometimes expressed by saying that g can
be factored through f .

If 7 happens to be injective, then the only difference between f and g is the values of the
labels. That is, the two functions have equal ability to distinguish elements of A. However,
in general, 7 is not required to be injective and so f may contain more information than
g.

84 : (Steven Roman, Advanced Linear Algebra, Springer (2005).)
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i. fi(x)=logz (z>0)

ii. fo(x) =2 (z>0)
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There is a spherical surface of radius a, as shown. The surface has positive charge density +a,

uniformly distributed.

(a) Draw the electric field lines generated by the charged spherical
surface. Explain your drawing in terms of magnitude and direction of
the electric field.

(b) A spherical surface of radius b > a is placed concentrically, as

shown. This spherical surface of radius b has positive charge density

+0, uniformly distributed. Draw the electric field lines generated by
the spherical surfaces. Explain your drawing in terms of magnitude
and direction of the electric field. ‘
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Consider two objects A and B. Object A has a net charge, object B is uncharged, Based
on this information, can you tell whether or not either object is a conductor or an

insulator?

When given as a present in the electricity and magnetism quarte dot the calculus-based course,
only one-third of the responses were correct. Over 50% said that charged object A had to be a

conductor. 20% said that uncharged object B had to be an insulator.
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A relatively simple approach to teach students how to view oxidation and reduction is to add the
total number of heteroatoms, m-bonds (triple bonds count as two), and rings in each organic reactant
and then do the same for each organic product. A higher number for the organic product compared to
a given organic reactant indicates oxidation, whereas a lower number signifies reduction. An example

of organic reactions that demonstrate the approach are shown in Figure 1.

i n (f(-)\

heteroatoms =0 heteroatoms 2
n-bonds =3 n-bonds 4
rings =1 rings 1
oxidation level = 4 oxidation level =7

Because the aromatic ring is the same in the starting material and
the products it could be ignored, thereby decreasing the oxidation
level by 4 for both starting material and product.

Figure 1. Oxidation of toluene demonstrating the oxidation—reduction approach

Consideration of oxidation levels is also useful in cases where neither oxidation nor reduction
occurs because the alteration of the molecule does not involve an oxidizing or reducing agent. A simple
example of this conversion is shown by the pinacol rearrangement (Figure 2) in which the product is

at the same oxidation state as the starting material.

H,C CH H.C
W o S

Hd  OH e b

heteroatoms =2 heteroatoms =1
n-bonds =0 n-bonds =1
rings =0 rings =0

oxidation level = 2

rearrangement

oxidation level = 2

Figure 2. Application to a rearrangement that is neither an oxidation nor a reduction: the pinacol



This approach to understanding oxidation—reduction reactions also follows the rule that the sum of
the oxidation levels of the reactants must equal the sum of the oxidation levels of the products. For
this to be true, one must add an additional consideration: the total oxidation numbers on both sides of
the equation involves the difference in the number of molecules reacting and the number of molecules
formed in the balanced equation. For example, in the case of the formation of benzopinacol from

benzophenone (Figure 3), three reactants are involved (two benzophenone molecules and one

[ ] [ j CH
CHj3 hv /@ 3
@ " "

H,C”/ SOH
O]
heteroatoms =1 heteroatoms =1 heteroatoms = 2 heteroatoms = 1
n-bonds =7 n-bonds =0 n-bonds =12 n-bonds =1
rings =2 rings =0 rings =4 rngs =0
— — reada[ﬁ?oductsﬂ
oxidation level = 10 oxidation level = 1
2 molecules:2x10=20 j oxidation level = 19 oxidation level = 2

total oxidation level for reactants = 21 V
total oxidation level for products = 21

Figure 3. Oxidation numbers for reactants and products for a reaction in which a bond is formed:

formation of benzopinacol from benzophenone

isopropanol molecule) and two products are obtained (one benzopinacol molecule and one acetone
molecule). The difference between the number of reactants and the number of products is one, and
thus, 1 needs to be added to the total oxidation number on the side of the equation having the smaller
number of molecules, in this case, the products. An example involving bond breakage is shown by the
decarboxylation reaction in Figure 3.

1 Although there does not seem to be any simple corollary of the oxidation—reduction approach to

inorganic oxidizing or reducing agents in general chemistry, the formalization of utilizing electron

half-reactions can still be applied. Every increase in oxidation level of one unit is equivalent to the

loss of two electrons. The general chemistry method of writing half reactions for inorganic reagents
can then be applied to balancing reactions. An example of the oxidation of toluene to benzoic acid is

shown in Figure 4.



OH

Change in oxidation level is 3 therefore the half reaction would
lose electrons and a reaction run in base would require 60H

to balance charge. Water is added to balance oxigen.

Figure 4. Half reaction for the oxidation of toluene

Early in the study of organic chemistry students are faced with the sequence of reactions involving
the conversion of an alkene to an alkyne. There seems to be reluctance by students to proceed from a
double bond to a single-bond intermediate when they are trying to generate a triple bond. If the process
is viewed from the point of view of oxidation and reduction, the process becomes clearer. For example,
the student can reason that the synthesis involves an oxidation, that is, going from one n-bond to two

m-bonds. » Reaction of the alkene with a halogen brings about the oxidation. Even though the original

n-bond is lost, the single bonded dihalogen intermediate is at the proper oxidation state for the desired

product. The final elimination step remains and is neither an oxidation nor a reduction.

The oxidation—reduction approach could be employed in the more challenging synthetic problem
involving the analysis of the Johnson progesterone synthesis. An examination of the oxidation levels
for the first step indicates that the reaction is neither an oxidation nor reduction but is basically

3 a_complex intramolecular rearrangement catalyzed by acid (Figure 5). An examination of the

oxidation levels for the second step indicates an oxidation and ozone, a reagent that students encounter
early in organic courses, is employed. The last step is neither an oxidation nor a reduction as indicated
by the oxidation levels and is an intramolecular aldol cyclization. It is not uncommon for problems
such as this to leave out the reagents and to ask the student to supply reasonable reagents. A

consideration of the oxidation—reduction levels would be a significant help in solving the problem.
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heteroatoms =3
n-bonds =3
rings =3

oxidation level = 9

Figure 5. Synthesis of progesterone

%4708 Figure 1 THHHL TW 3 HEICE->T, To)B LR IcH T 2 L) &
Y D oxidation level D EHUE % & 4 kKo | KIGYI DWELD 2 3R ITTHHEA TWDE T &




2 X3 20fEEXTERINLZYE D oxidationlevel 3T XRTCFELUTH 3, T ITH L
LRI L, BB BRI X 5, 2 oMl & 3 p, fEEICEE,

O O 0
N N N
seliesiee
HzN)\N/ N HzN)\N N HN)\N N
H H H

M3 Figure 3 DT> T, ROICHFRILEITTSISTIEZR\W T & 2IRE,

O

O. OH
X7 0o & 0
SL NG R
H

M4 THE 1 oNEZ, BB 0230 HARGECERRICEHAE X,

5 =texvErofEiE, To@dswidb)oksickidd s, Figured DF
AT RBHKBERPICE T 2=ty pbT =) = v A4 4 v ~OBHUEA L,
(a) & b)oiERD & H b Y 5 %5 U Lo

O8O — O
(@) (b)

nitronenzene anilinium ion

16 THRER 2 DNEZ, RDIGZEFIC L TR X,

H

Br H
Jd . Y C=C—H
Ycn o Q
A H 5 H Br c

7 THER 3 ORIGEMEEMIC 1) Bl HY) OEHIC X 2/KDEE & AR h F4 v
DARL, 2) BT OBENC X 2 BIRIEEDTEBICHE S Bl A NVKR A F4 v DR, 3) AR
L7eANEATFH v ~DIKDFOREE L EAERMEAD ZEBEIC T TEZ 5, 2)DilfE
DA N =X L% N> TR DK% v 2 B 0B E) I X o TRAE X, 7446
BOFEINMEICOWTIEEA RS TRY, (ZOMEDREITFEEZTRY,)



il



C-3 &%

1 BXU020KMEORE ZIREE X,

1. 2023 4F 7 —~_OVAEHZE - BE22E T COVID-19 I % mRNA 7 7 F v OFHFEICEBA L
722 RIS I Nz, SNICBET 3RO 1-4 1o T HEH R SR L 78 X vy,
A4 A2 BEEZHLICT 52 L,

1. 207 27F v O OWTKR LA LS 72 X Uy,

fl 2. agF oA NRDEDR Y NIEEZPIRICLEL S E LD, /2237 E D,
AL 72 & vy,

M3, ZEEOTo-RRIZEDI >R DD, T/, &) LTHEZIT- 72D, 2HH
L7a& W0,

4. Eidbisbic, 8+ 3BicanzTIkeMIiconwTrHaInN3 e %2H 1, #

DEEMZ T L 72 30,

2. VT )X TFVTREHICIAAAFIAALF—FEHIZONWTH o &b X 2E L
W L 72 SRS A B, I 1-2 e oW CE WAL Hamm L7 X v, Ad FHE2 7
DNZHZICT BT L,

M1, BAFFESRIEH LD URL 2R L, ZFOEERMERL 72 X\,

2. 2D XICoOWTHEORHMERZ L LRI,



