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Charles Babbage, 1860. Source: Wikipedia 

Early nineteenth century computing relied on mathematical and astronomical tables that were based on human 

calculations and hence prone to errors and mistakes at a time when the world was witnessing great technological 

advancements and societal change. That left Charles Babbage, a brilliant mathematician who many consider the father of 

modern computing, deeply frustrated and to fix that, he went on to design a mechanical computer called the Differential 

Engine that could perform complex calculations with such speed and precision that it remained unmatched. The computer 

he designed was a steam-powered behemoth, made of brass and iron that stood eight feet tall, weighed fifteen tons and 

contained twenty-five thousand distinct parts1. After a decade plus of tinkering, that original design evolved into an even 

more powerful computer called the Analytical Engine that had more than fifty thousand components, used perforated 

cards to input instructions and data, and could store up to one thousand fifty-digit numbers. Imagine that.  

Babbage, like many of his contemporaries, was a ‘gentleman scientist’ – an independently wealthy amateur, able to 

support his interests from his own means2. And being a century ahead of his time, it’s not a shocker that many people of 

fine repute remained mystified by his vision. He recounted this one instance in his autobiography - 

On two occasions, I have been asked (by members of parliament), “Pray, Mr. Babbage, if you put 

into the machine wrong figures, will the right answers come out?” 



What? And that perception of the infallibility of machines remains true till today. But we know the reality and that is, if 

we ask the machine to do something stupid, it will…faithfully. 

Let me take you back to the bad old days of 1950s engineering and say you wanted to build a bridge. Before you’d go 

down with whatever equipment you needed to start the build process, you’d calculate all the stresses and the strains and 

the loads at various points on that structure to make sure that the bridge does what it is supposed to do. And that is, it 

must not fail. For a long, long time. And you’d do all of that ON PAPER.  

And then build prototypes to test your theory and your calculations, an incredibly expensive and time intensive endeavor. 

Or how about this. The first moon landing was achieved with less computing power than what you’d find today in the 

dumbest of smartphones. Or even a present day calculator. 

So lots and lots of calculations by hand and again, you’d better know what you were doing or else. 

Things started to change sometimes in the seventies as computers got faster and relatively more accessible (to some) but 

still an overreliance on them was not to be the case for a while. 

But then as the price points of compute and storage steadily declined, larger and more complex structures could in theory 

be modeled and simulated before a penny of prototyping efforts were spent. But with so many possible permutations and 

combinations of the many variables involved meant that it sort of became impossible for us as human beings to be able 

to do all that math with our hands. And our brains.  

But the value proposition towards modeling and simulating was solid. Imaging not having to physically build anything to 

test our theory and assumptions till the end. 

And hence we have the tools we have at our disposal today that can design and simulate structures as large and complex 

as a space shuttle to as tiny as a transistor. We can literally model, simulate and test the real world without actually having 

to build anything for real.  

But a blind faith in what these tools spit out without knowing why and what they spit out can be equally costly. Because 

you will have to build that thing eventually. 

So how do we avoid this garbage in, garbage out kind of a situation? One way is to know going in what to expect in general 

before we fire up any tool. Of course, it would not be possible to know precisely what to expect with anything that is 

remotely complex but we should know the general direction of where our solution should lie. 

And whatever we do with any kind of tool that models reality, we are still making predictions. But unlike predictions in 

the statistical world, the predictions that are the output of many of these tools that model reality are more akin to 

calculations we do on a calculator. A fixed set of inputs will yield a fixed set of outputs. There is no uncertainty around 

them. If inputs change, outputs change based on whatever the underlying equations justify. 

So with all that aside, we provide models for devices we eventually build for our customers that they then use in their 

system level simulations to verify if they’d perform as expected in the field. And this one particular case that’s highlighted 

here deals with the transfer of heat from the device junction to a customer’s board but then it could have been anything. 

So say we provide a thermal model for a device sitting on an infinite heat sink that has a temperature profile as shown 

below. Infinite heat sink because we want to estimate the resistance offered to the flow of heat from the device junction 

to the system board. And to do that, we must make sure that 100% of the device heat sinks into the board. 



 

As is evident, there are two distinct heat sources in this particular case with some amount of crosstalk between the two. 

And by crosstalk, we mean that heat from one device trickles onto the other until both devices reach their respective 

thermal equilibrium. 

And if the metric of interest is junction to board thermal resistance which happens to be the case here, we provide that 

information as a model to our customers. This helps them verify that if they maintain the board at temperature X, the 

device will not be hotter than (Thermal Resistance * Power) + Board Temperature. That’s the estimating junction 

temperature part. 

But if accuracy of a reported metric, any metric is a concern, we need to be able to validate that.  

One way is to dumb the model down to its simplest form and compare the outcome of that model with hand calculations 

to make sure that the setup checks out. Because as stated before, the more complex a structure gets and even if you knew 

how to run the numbers, you would still not be able to capture all the possible interactions that’s typical of a device 

structure. 

And because this was a conduction only problem, proving the accuracy of the numbers and hence the setup was relatively 

straightforward.  

So let’s take a 10mm x 10mm block of plastic, 1mm thick with a thermal conductivity of say 1W/moK. The temperature 

rise at the surface of that block above the board temperature with 1W power can be estimated as - 

∆𝑇 =  
𝑑𝑥

𝑘. 𝐴
 𝑥 𝑃 = 10℃ 

P = Power (W) 

k = Thermal conductivity (W/moK) 

A = Surface area of the heat source (m2) 

dx = Thickness of the structure (m) 

So we got that. Now replicating the same structure in the simulation world - 



 

That grid by the way is how the structure and the surrounding gets broken down for calculations and there is often a tool-

specific science on how to do the gridding or meshing ‘right’ for a given structure and a given application. 

Not to dwell on the nuances of the tool much, here’s the output of this one simulation run. 

 

So a 9.9oC temperature rise, very close to what we calculated manually. There are reasons why it is not exactly 10oC but 

that’s not as relevant to the efficacy of the tool or the process here. 

But then, there are situations where manual calculations are just not feasible. Without building prototypes if resources 

are a stretch, the next best way is to look for data that is out there on stuff other folks might have already measured and 

to try to replicate that setup to check if you’ve got things right.  

Barring that and depending upon the problem at hand, if you can be conceptually in the know of in which direction the 

winds should blow with changes in model parameters, you’d know you are on the right track. That’s that same thing we 
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discussed before – knowing what to generally expect before you commit to building (virtually or physically) anything so 

you’d know what’s right and what’s wrong. 

That comes with time but come it must. 
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