In which Zapruder frames JFK and Connally were shot?
I think I already solved this problem, but as there are different claims, I will restate by solution with more explanations.


Everybody agrees that the head shot came in the frame 313.
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The differences appear in timing the other shots. Here we have a video asserting that a single shot made seven wounds (the magic bullet) and that it came in the Zapruder frame 223. 

https://www.youtube.com/watch?v=Qi14A20MJbE
The argument is that Connally’s collar changes in the frame 223. Soon after this frame, in the frame 226, both JFK and Connally move suddenly as if reacting to something. The claim of the link is that both were shot in the frame 223 and react in 226.
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Connally´s collar changes. 


The problem with this link is that it clams that the author made an animation using the exact places of JFK and Connally from the Zapruder film and the animation shows that a single bullet made the seven wounds. The problem with this claim is that JFK is not visible before the frame 225. He is behind the traffic sign from the frame 212 to the frame 224 and we cannot know his exact position. If he was hit in the frame 223, then his position in the frame 225 should be different as a hit of a rifle bullet in the back does change your position. The animation does not prove that both men were hit by a single bullet since the position of JFK in the frame 223 is not known.  


There are the following problems with the single bullet theory. Connally and his wife claimed that JFK was hit before Connally was hit. The neck would of JFK was first not taken as an exit wound, but as an entry wound, not of a bullet but a fragment of something. The back wound in JFK, shown also by the hole in the shirt, is too low for a shot coming from up to have made entry from the back and exit from the neck. The bullet was in surprisingly good shape to have made 7 wounds. The bullet lost fragments in Connally’s leg, but had almost the same weight as an intact bullet. The bullet must have slowed down before hitting Connally’s leg, as it did not penetrate far, but a slow bullet usually turns sideways and would have caused more damage to Connally. The circumstances of finding the magic bullet are suspicious. These arguments weight against the single bullet theory, which was proposed only to solve the problem that there were 8 wounds from three shots, one was a miss, one was the headshot, so the second shot made seven wounds.

It has obviously taken lots of effort to make the animation, yet the author does not explain how he concluded that JFK was sitting in the place he claims, not does he discuss the problems of the magic bullet theory. I think this is not an honest attempt to solve the problem. 

The video claims that the first shot come around frame 160. By 167 Connally has turned and looks left, but Connally looks right also in the frame 223. There is no blurring of the Zapruder video around frame 160. The reason we should think this is the time of the first shot (a miss) is that according to the video Connally told that he was looking at the left and when he heard the shot he turned to the right. JFK does not seem to react in any way around this time. 


When we look at the Zapruder film more carefully, it appears that Connally turns his head more to the forward in frame 197, it is in the same forward-left position in the frame 203. Connally is not seen from 206 to 220, while in frame 222, after emerging from behind the traffic sign, Connally is attentively looking to the right. Can the turn of the head around the frame 167 be a reaction to a shot in the frame around 160? The film speed is 18.3 fps, so the time between 160 and 167 is about 0.4 seconds. It is a too fast reaction speed. Drivers, who look at the traffic, react to a new situation in 0.7-3 seconds. Connally understood that the noise was a rifle shot and then turned his head. This requires time, it is not a spinal cord reaction. Furthermore, if Connally thought that it was a shot from behind his right shoulder, why would he look to the right only for 1.6 seconds (time between 167 and 197)?

I think frame 197 is a much better choice for the first shot, a miss. Here the frame is blurred, which can be expected if Zapruder suddenly heard a shot. If the shot come in the frame 197, Connally did not react to it before 0.7 seconds (frame 210). Unfortunately he is invisible, but he was turning his head away from the left already since frame 197. It is quite possible he was looking to the left between the frames 206 and 210 and then turned to the right. He looks to the right in 222.

The other theory is that the shot come in the frame 225. Both JFK and Connally are visible in this frame and there is a clear synchronous movement of both men. The problem with this suggestion is that we do not see any movement of JFK (or Connally) to the front. A rifle shot to JFK’s back should push him to the front. There is a very clear forward movement of JFK’s head when he gets the head shot. Therefore, what we see in frame 225 is not the impact but the reaction of JFK, and also Connally. If it was an impact in frame 225, there would be the forward movement between 225 and 226, but it is not seen. It is reaction and we again come to the question of what is the human reaction time. A reaction time involving cognitive processes, like in driving or like Connally concluding that he heard a rifle shot, is not shorter than 700 ms, but a physical reaction time is 200 ms. This means that as a physical reaction is seen in frame 225, the actual impact cannot be later than in frame 221. This alone refutes the theory that the magic bullet was shot in the frame 225.

Now, let me return to the Dictabelt analysis I made. I actually believe that the impulses I found from the Dictabelt are gunshot noises. Let me restate the times relative to the Dictabelt copy that I picked up from the web. (That means, it is a valid copy, only lacks some beginning part.)


These impulses are (again) shown here:
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Putative gunshot sounds at 52.5 s, 55.6 s and possibly at 55.8 s. 
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Putative gunshot sounds at 55.6 s, 58.8 s and possibly at 55.8 s. 
That is, there are not that many impulses. The last impulse is at the time 58.8s. That must be the head shot, frame 313. It may indeed be created by two shots (one from the back and one from the front), but let us ignore this issue.

The first impulse is 52.5s. Frame 197 is blurred, but so are some later ones. Zapruder also must have a reaction time of 200 ms, so if the reaction (blurring) is seen in the frame 197, the actual shot came in the frame 194. This yields the frame speed 18.7 fps (that is, (312-194)/(58.8-52.5), but this precision is higher than the data allows). The FBI measured the speed of Zapruder’s camera as 18.3 fps in the average, while the nominal speed was 16 fps. We certainly should allow 18.7fps as possible. 
We also have to consider the speed of the sound. If the first shot was made 100 m from the recording place, then (the speed of sound being 343 m/s) the delay of the sound causes about 5 frame delay. The bullet is much faster than sound, that delay we can ignore. But assuming that the place of the microphone and the shooter does not change, this effect cancels out. 
Now we have timed two shots: one miss at 52.5s and the head shot at 58.8s. There remain impulses at 55.6s and what was not shown before, at 53.2s and 52.8s.
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The power spectrum of the impulse at 53.2 s.
I fully agree that the impulses at 53.2s and 53.8s are unclear. They could not be from the same gun as 52.5s, 55.6s and 58.8s, but they are there.

Let us first look at the clear impulse at 55.6s. It is 3.2s after 58.8s, which is fixed to frame 313/312. Assuming the frame rate is 18.7 fps, it mean that the impulse 55.6s was in the frame 253. Is it possible that JFK reacted so fast that in frame 254 he moved his had lower as a response to a fragment to the neck?
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 At the frame 254 Kennedy may get a neck shot, time is 55.6 s.


I think this reaction is possible: it is a very small unconscious move, even though the time is not 200 ms. This could have been a reaction of a bullet bouncing from the car, or a fragment of the car mirrow hitting JFK. 


We still have one shot in the back of JFK and a hit at Connally. There are two weaker impulses, one at 53.2s, one at 53.8s. They correspond to frames (assuming fps of 18.7) frame 208 and frame frame 220. There is much reason to believe there was a shot in frame 220, but was it at JFK? It may be JFK got the back hit in the frame 208 and Connally got his share at 220. We really cannot tell, as in these frames both are invisible. 

So, I have not changed my opinion. It is the same, acknowledging that we do not know precisely. 

