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the dimensions of the Delhi Iron Pillar 
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The dimensions of the 1600-year-old Delhi Iron Pillar 
have been re-analysed in light of new scholarship on 
the traditional Indian unit of measurement. The di-
mensions of the pillar can be well reconciled considering 
the basic unit of measurement as 17.63 mm. The low 
percentage errors between the theoretical and actual 
measurements provide further support to this analysis. 
The significant mathematical ratios embedded in the 
relative dimensions of the pillar have also been set forth. 
The close association of the basic unit of measurement 
and the mathematical ratios with those of the Harappan 
civilization offers evidence for continuity of scientific 
ideas and traditions from the Harappan civilization to 
the Ganga civilization. Analysis of dimensions of the 
characters of the Gupta–Brahmi inscription revealed 
the possible use of the decimal system. 
 
Keywords: Delhi Iron Pillar, dimensional analysis, mathe-
matical significance, Harappan civilization. 
 
THE dimensions of the Delhi Iron Pillar have been meas-
ured in great detail by Beglar1 and Ghosh2. These available 
dimensions have been analysed earlier by Balasubrama-
niam3 to show the inherent symmetry in the design of the 
pillar, by considering the rough bottom portion to be bur-
ied underground during its original erection at Udayagiri. 
The relative proportion of the various parts of the pillar was 
understood. The decorative bell capital is one-third of the 
cylindrical portion of the pillar above the ground and one-
fourth of the total height of the pillar above the ground. 
The height of the decorative bell capital was also equal to 
the depth of burial below the ground. When the overall 
dimensions of the pillar were analysed3, it was pointed 
out that one could relate the dimensions of the pillar to 
the unit of modern inch, which was called U (see figure 3 
in Balasubramaniam3). This is equal to 25.40 mm. 
 A detailed statistical analysis of available length meas-
urements of several Harappan civilization cites by Dan-
ino4,5 has revealed recently that the basic Harappan unit 
of measurement (traditionally referred in India as ‘angu-
lam’) measured 17.63 mm. The angulam that was in use in 
the Harappan civilization continued all the way to later 
periods in Indian history, certainly up to the classical pe-
riod4,5. Danino has further shown by a simple procedure 
and without any a priori assumptions4,5, that the largest 
possible unit to measure Harappan town plans, such that 
the dimensions could be expressed as integral multiples, 
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measured 1904 mm. This is 108 times the measure of angu-
lam taken as 17.63 mm. Danino4 has cited several literary 
evidences to show that ‘108 angulam’ was a traditional 
measure and concept in classical India. He has identified 
this unit of 1904 mm with the traditional ‘dhanus’. It is 
interesting to note that the number 108 is held sacred in 
classical Hinduism, initially because of astronomical rea-
sons6. 
 The proposal of Danino is indirectly confirmed from a 
terracotta scale from Kalibangan where the unit of 
17.5 mm was obtained7, and from a ivory scale from Lo-
thal where the unit of 17.7 mm was obtained8. The shell 
scale from Mohenjodaro9 is a broken piece of shell with 
divisions of 6.706 mm, while the bronze scale from 
Harappan10 is in the form of a rod with divisions of 9.34 mm. 
There is a view that these broken pieces of shell and 
bronze may not be scales at all9. Nevertheless, the connec-
tion between various units in the known scales of Harap-
pan civilization, excluding the Kalibangan scale which 
was reported only recently7, has been discussed by Mai-
nkar11. 
 Since the Delhi Iron Pillar was constructed as a standard 
of Vishnu (i.e. Vishnuordhvaja), as clearly mentioned in 
the Gupta–Brahmi Sanskrit inscription on the pillar12, it 
would be interesting to explore the dimensions of the pillar 
in light of this new scholarship on the traditional unit of 
measurement, the angulam, measuring 17.63 mm. This 
communication will revisit the dimensional analysis, both 
the macro- and micro-dimensions, in view of new scholar-
ship4–6. Microdimensions refer to the dimensions of the 
characters of the oldest inscription on the pillar. This 
analysis will provide insights into standard length meas-
ure and, indirectly, the mathematical knowledge that existed 
during the Gupta period, because the Delhi Iron Pillar is 
truly a significant engineering achievement of this golden 
period in Indian history. 
 Considering the traditional Indian angulam to be 17.63 mm 
and that 108 angulams made a dhanus (i.e. 108 × 17.63 mm = 
1904 mm), and the known dimensions of the pillar1,2, it is 
now possible to convert the dimensions of the Delhi Iron 
Pillar into units of Indian angulam (A) and dhanus (D). 
This has been performed and the end result is shown in 
Figure 1. 
 The striking feature of the analysis is that the dimen-
sions of the pillar match remarkably well with the units 
of angulam and dhanus of the Harappan civilization; for 
example, the total height of the pillar is precisely 4 dhanus. 
In order to bring out the accuracy and relevance of the 
dimensions noted in Figure 1, the dimensions mentioned 
in this figure in units of dhanus have been compared with 
the actual measured dimensions of the Delhi Iron Pillar 
(Table 1). The measurements of Ghosh2 have been used in 
this table. Ghosh reported his measurements in inches and 
each modern inch was considered as 2.54 cm. Each angulam 
was taken as 1.763 cm. Further, 108 angulams equalled 1 
dhanus. In two of the entries in Table 1, the height of the 

chakra (that originally crowned the decorative bell capital) 
is taken as 20 inches in diameter13,14. A noteworthy fea-
ture of Table 1 is the low error margin between the pro-
posed and measured dimensions, in most cases. The 
percentage error is defined as the deviation of the actual 
measurement from the proposed measurement, expressed 
in terms of percentage of the proposed measurement.  
 It may be noted at this juncture that even if the angulam 
had been taken as 1.75 cm based on the markings seen on 
the Kalibangan terracotta scale7 or 1.77 cm based on the 
markings seen on the Lothal ivory scale8, the errors would 
have been similarly low. 
 It is therefore clear that the ancient Indian unit of 
measurement, dhanus, that was utilized in the Harappan 
civilization was used in the design of the Delhi Iron Pillar. 
The dimensions of the decorative bell capital15 of the pillar 
can be similarly re-analysed in light of new scholarship 
on the traditional Indian unit of measure, the angulam. 
This is not attempted here, but left to some interested reader. 
 The finding of the present study is a solid addition to 
the growing body of evidence that Harappan techniques,  
 
 

 
 

Figure 1. Dimensions of the Delhi Iron Pillar analysed in terms of 
angulam (=17.63 mm) and dhanus (=108 angulams = 1904 mm). The 
significant ratios that are evident in the relative dimensions of the pillar 
are mentioned on the right. 
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Table 1. Comparison of proposed and actual dimensions of the Delhi Iron Pillar. For the calculations, each modern inch was considered as  
 2.54 cm and each angulam was considered as 1.763 cm. Further, 108 angulams = 1 dhanus 

 Proposed length in terms of unit 
   Theoretical  Actual 
Location Dhanus D Angulam A measurement (cm) measurement (cm) Error (%) 
 

Diameter at extreme bottom 3/9 36 63.47 62.46 –1.59 
Diameter at start of smooth section 2/9 24 42.31 42.42 +0.26 
Diameter of cylinder at the very top  1/9 12 21.16 20.32 –3.97 
Height of the rough portion 4/5  86.4 152.32 154.98 +1.75 
Height of the smooth portion  12/5 259.2 456.97 457.15 +0.04 
Height of decorative bell capital without chakra 2/3 × 4/5  64.8 114.24 104.14 +2.55 
Height of capital with chakra 4/5  86.4 152.32 154.94 +1.72 
Total height of the main body 16/5 345.6 609.30 612.18 +0.47 
Total height of the pillar with chakra 4 432 761.62 767.08 +0.72 

 
 

crafts, ornaments, art forms, customs, rituals and religious 
beliefs were transmitted virtually unchanged from the 
Harappan civilization to the Ganga civilization16,17. There 
is a need to carefully obtain the dimensions of significant 
historical objects and structures, and relate them to the 
traditional units. This will certainly throw further insights 
on the units that were in use through the ages. It must be 
borne in mind that variations are expected in different re-
gions or times because a unique standard for all time and 
places is hardly likely. 
 It is indeed fascinating that the unit of measurement that 
was used in the planning of Harappan civilization settle-
ments is also realized in the dimensions of the Delhi Iron 
Pillar, thereby establishing the continuity of scientific 
ideas and traditions from the Harappan civilization (3000–
1600 BC) down to later periods in Indian history, cer-
tainly at least up to the Gupta period (AD 320–600). Con-
sidering Dholavira’s date from the Mature Harappan period 
of 2000 BC and the date of the Delhi Iron Pillar of AD 
402, this implies an almost continuous unbroken tradition 
stretching more than 2400 years. 
 A careful analysis of the relative proportions of the pil-
lar reveals some interesting ratios, which will be dealt in 
a little detail below. 
 The height of the complete decorative bell capital (4/5 
D) is one-third of the exposed height of the main body of 
the pillar above the ground (12/5 D). Further, the decora-
tive bell capital is itself divided such that the decorative 
bell capital without the chakra (circular disc) is two-thirds 
of the total height of the complete bell capital. The chakra 
that originally topped the bell capital13,14 was one-third of 
the total height of the decorative bell capital. Therefore, 
the division of the major section of the pillar above the 
ground proceeds in thirds, such that the height of the 
chakra at the very top was one-third of that of the decora-
tive capital, and the height of the entire decorative capital 
was one-third of that of the cylindrical main body of the 
pillar, originally exposed above the ground. 
 The original depth of burial below the ground was 4/5 
D, which is one-third of the main body of the pillar above 

the ground (12/5 D). The depth of burial was equal to the 
height of the complete decorative bell capital, as pointed 
out earlier3. 
 This division by thirds is also noted in the diameter of 
the pillar at three significant locations, namely the base 
(1/3D = 3/9D = 0.333D), the start of the smooth section at 
the ground level of the original burial level (2/9D = 0.222D) 
and the cylinder at the top of the capital (1/9D = 0.111D). 
It is also remarkable that there is considerable match be-
tween the proposed theoretical and actual measurements in 
case of these three diameters, as can be noted in Table 1. 
 Interestingly, the same concept of division by three is 
noted in the design of the Dhar Iron Pillar18, dated to the 
11th century AD. This pillar is not standing erect at present, 
but lying in three broken pieces on a raised platform. In 
its original condition, the Dhar Iron Pillar was almost twice 
the height of the Delhi Iron Pillar. The lower square sec-
tion converts to an octagonal section (whose length is 
one-third that of the square section) and the octagonal 
section tapers to a round section at the top (whose length 
was originally one-third of the octagonal section, but is 
now partly broken). 
 The above analysis again shows the continuity of ideas 
from the Harappan civilization down to later periods in 
Indian history because detailed analysis of dimensions of 
Harappan settlements has revealed that the number three 
is key to the design of Harappan cities4,5. 
 There are several other interesting ratios noticed in the 
dimensions of the pillar. A few important ones will be 
elucidated here. A complete analysis may require analysis 
by experts in mathematical sciences. Based on the dimen-
sions listed on the left in Figure 1, some significant ratios 
evident are 1/4, 2/4 (or 1/2), 3/4 and 5/4. Interestingly, 
these ratios were significant in the Harappan civilization 
because it is now known that the relative proportions of 
major buildings and design of Harappan cities were based 
on some notable ratios4,5,19. A ratio that was particularly 
significant was 5/4, which is evident from the design of 
Harappan settlements4,5. The importance of this ratio in 
the design of structures, according to Indian traditions of 
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Vastu Shilpa has been discussed in detail elsewhere4,5. 
This important ratio is not directly obvious, but can be 
derived based on analysis of the relative dimensions of the 
overall length of the pillar and the height above the ground. 
It is noted that if one considers the height above the 
ground (i.e. above the original burial level) as H, the 
overall Pillar measures 5/4 H (see right side of Figure 1). 
Incidentally, H is also the height of the main cylindrical 
body of the pillar, excluding the bell capital, when one 
considers the dimension of the pillar from the bottom to 
the top of the cylindrical section. The appearance of this 
important ratio of 5/4 in a subtle manner in the dimen-
sions of the Delhi Iron Pillar is noteworthy. This further 
reinforces the concept that scientific ideas and traditions 
that originated in the Harappan civilization continued to 
later periods in Indian history. 
 It may be mentioned that the fabrication of the pillar 
was a highly specialized activity and its dimensions would 
have been planned precisely from the start. It is clear that 
the designers of the pillar started out by designing the entire 
structure to equal 4D. Then they went about dividing the 
different sections of the pillar in a precise manner, main-
taining symmetry and keeping philosophical aspects re-
garding ratios in mind.  
 Attention is now focused on the microdimension as 
available on the inscriptions. It has been shown elsewhere 
that the inscription was put on the surface of the pillar 
when the pillar was in the vertical direction, sometime  
after its initial erection20. Further, it is known based on a 
detailed analysis of the Gupta–Brahmi inscription on the 
pillar that the King Chandra, whose exploits are extolled 
in the verses, was alive when the long inscription was in-
scribed21. Chandra has been identified as Chandragupta II 
Vikramaditya21, whose known dates are between AD 375 
and 413, based on analysis of archer-type gold coins of 
the Imperial Guptas. Therefore, the dimensions (macro and 
micro) of the pillar provide information about the units 
that were used during this period. It has been shown above 
that the traditional basic units of angulam and dhanus can 
be used to describe the overall (macroscopic) dimensions 
of the pillar. 
 When the dimensions of some of the characters of the 
Gupta–Brahmi inscription (dated palaeographically21, i.e. 
on the nature of the script, to early 5th century AD) were 
analysed, it was realized20 that the unit of measure that 
could explain the spacing of the characters as well as the 
width, breadth and length of each character was precisely 
19.03 mm. This has also been shown by statistical analy-
sis of estimated distances from four characters of the 
Gupta–Brahmi inscription on the pillar20. This unit of 
19.03 mm was related to the unit of angulam proposed in 
earlier references22, before the finding of Danino4,5 was 
known to the present author. This was taken as reasonable 
because 19.03 mm is precisely three-fourths of the modern 
inch of 25.4 mm. It would now be interesting to relate the 
unit of 19.03 mm to the angulam and dhanus. It is immedi-

ately evident that 19.03 mm is equivalent to 100th divi-
sion of the dhanus, namely 1904/100 mm. This brings us 
to another fascinating conclusion that the basic unit used 
for the inscription was exactly 1/100th of one dhanus. This 
appears to hint that a second unit of measure was also in 
use during the Gupta period and this basic unit appears to 
have measured 1/100th of a dhanus. 
 The traditional system of measurement that originated 
in the Harappan civilization was based on the concept of 
progressive sequence of ratios, like 1/16, 1/8, 1/4, 1/2, 3/4, 
4/4 and so on. The system of dividing and multiplying by 
10s distinguishes the decimal system. The Harappan use 
of decimal system is well known in the weight systems 
and also in the scales of the Harappan civilization4,5. This 
was an empirical system and there was no need for nu-
merals with decimal place value and the concept of zero. 
The concept of zero is supposed to have originated from 
India and the dates mentioned23 are 4th or 5th Century 
AD. Based on the finding of the present study that the ba-
sic unit of measurement used for the Delhi Iron Pillar in-
scription is precisely 1/100 (or 0.01) of the dhanus that 
was in use in the Gupta Period, it is reasonable to hy-
pothesize that the system of division by 10s seems to 
have become prevalent by the time the inscription was put 
on the surface of the Delhi Iron Pillar, suggesting the pos-
sibility that the decimal system was known in India by 
early 5th Century AD, the time the inscription was in-
scribed on the pillar21. Additional valuable inputs can be 
obtained from careful measurements of the dimensions of 
all the characters of the Gupta–Brahmi inscription. This 
can easily be performed by non-destructive means, using 
modern surface profiling technology24. 
 The basic unit of measurement that existed during the 
Gupta Period has been understood by re-analysing the 
dimensions of the Delhi Iron Pillar, utilizing the value of 
angulam (basic Indian unit of measure) derived from 
Harappan civilization. This basic unit measured 17.63 mm. 
The low error margins between the proposed dimensions 
and the actual measurements further validate the use of this 
unit for describing and understanding the Gupta Period 
Iron Pillar. The present analysis suggests a direct connec-
tion between the basic unit of measure of the Harappan 
civilization (i.e. the Harappan civilization angulam) and 
the basic unit of measure of the Delhi Iron Pillar (i.e. the 
Gupta Period angulam). The significant mathematical ra-
tios embedded in the relative dimensions of the pillar 
have also been highlighted, taking special note of the im-
portance of the ratio 5/4. Analysis of dimensions of the 
characters of the Gupta–Brahmi inscription has hinted at 
the possible use of the decimal system. 
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Fluorosis results from excess fluoride ingestion and is 
characterized by marked abnormalities of bones and 
teeth. Most of the absorbed fluoride from the diet and 
drinking water can readily enter into the bones and 
teeth thus the bones become hypertropic and coarse 
but are fragile. Earlier studies indicated that calcium 
binds with fluoride forming an insoluble calcium fluo-
ride in the gastrointestinal tract; thus the adverse effect 
of fluorosis may decrease. Quantification of calcium 
needed to reduce excess fluoride absorption is neces-
sary for the treatment of fluorosis. In this study differ-
ent doses of calcium in the form of calcium carbonate 
were administered to albino rabbits and it was obser-
ved that significant decrease in fluoride bioavailability 
was observed in the group of animals administered 
with 11.4, 14.3, 17.2, 21.4 and 50 mg calcium per kg 
body wt. This calcium dose level is equivalent to 1200, 
1500 and 3500 mg of calcium required for a 70 kg 
body wt human beings. 
 
Keywords: Absorption, bioavailability, calcium carbo-
nate, fluoride, fluorosis. 
 
THE primary adverse effects associated with chronic, ex-
cess fluoride intake are dental and skeletal fluorosis1. 
There is much evidence in the literature indicating a de-
creased fluoride concentration and a greater faecal excre-
tion of fluoride when sodium fluoride was administered 
with high calcium diet2,3. Prevention of gastrointestinal 
absorption of fluoride by calcium is due to the formation 
of insoluble calcium fluoride accounted for a decreased 
serum fluoride level in calcium carbonate-treated animals4. 
Calcium supplementation does not promote urinary ex-
cretion of fluoride because in earlier studies no signifi-
cant changes were observed in the concentration of urine 
when animals received sodium fluoride and calcium-
supplemented diet2,3. Amount of calcium required to re-
duce excess fluoride was studied in the present study using 
albino rabbits. Rabbits were chosen because they are 
small yet large enough to permit blood samples to be 
withdrawn over the course of several hours and also rab-
bits are mammalian type of species, so the absorption trend 
may be similar to human beings. Albino rabbits were also 
used in earlier studies to elucidate the fluoride absorp-
tion5,6. Some of the important pharmacokinetic parameters 
like percentage of fluoride absorption, elimination half 


